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PREFACE

This book is designed for the seventh and eighth grades
of rural and village schools, and for the first book in seience
in Junior High Schools. Its purpose is to stimulate interest
in the simple scientific problems found in daily life, to train
toward a correct understanding and truthful interpretation
of common objects and phenomena, and to arouse some ap-
preciation of the intimate relation that exists, on the one
hand, between science and health, and, on the other, between
science and cconomice prosperity.

The work has grown out of a conscious effort to fit science
study to the needs and interests of grammar school children.
All the exercises have been used in regular class work in the
training school of the Illinois State Normal University. They
represent much sifting, rejection, and rearrangement during
a period of about ten years. Most of them have had the addi-
tional test of the class-room in elementary schools where
teachers have used ‘‘Outline Lessons in Nature-Study Agri-
culture,”” published by the author five years ago.

The material is chosen from the immediate environment
of the pupils: the home, school, farm, and garden. It is
sufficiently agricultural in character to warrant the use of
the book as a text in elementary agriculture. While some
attention has been given to continuity of subject-matter, the
chapters in the main are arranged with reference to seasonal,
rather than logical, sequence; biological topics occurring in
the fall and spring, physical topics in the winter.

Part One deals largely with the habits, structure, and uses
of domesticated plants, and is followed during the winter by
a study of soil and soil-water in their relation to plant growth.
In the spring a number of practical farm and garden projects
are planned, accompanied by definite scientific studies that
look toward some realization of the basie principles and fun-

damental laws that govern plant life.
3

413117



=gyt BEEEEE S PREFACE

Part Two emphasizes, in its biological phases, animal life
and projects, but takes up also some of the lower plant forms,
and the more difficult problems of plant propagation. The
physical studies during the winter are based upon water sup-
ply, heating, lighting and ventilating the home and sehool.
In the spring, simple problems of landscape gardening are
introdueced.

In order to use the book successfully, teachers should
realize that pupils must have a hand-to-hand contact with
real objects and phenomena, must deal with actual situations,
must come naturally to one problem after another. The les-
sons aim to suggest problems, to direct observation, investi-
gation, and experiment along lines that foster openminded-
ness, promote initiative, and lead to independent effort in
the discovery of truth. The discussions and explanations
accompanying each study are designed to clear up doubts
concerning the more difficult problems and to state faects that
may not be found at first hand.

The author wishes to express her gratitude to the teachers
and pupils of the training school in the Illinois State Normal
University who made possible the practical working out of
these studies in seience. Special thanks are due to Mr. Fred
Ullrich, Miss Agnes Storie, and Mr. George Cade, for their
valuable assistance in testing various phases of the work, and
for their interest and adviee in the attempt to meet the needs
of the boys and girls.

The author wishes also to acknowledge her indebtedness to
Miss Ruby Scott for her careful proof reading, to Miss Evalyn
Clark, Miss Frances Augustine, and Mr. Harold F. James
for assisting in the preparation of the original illustrations;
and to those publishers who have permitted the use of their

illustrations.
AvLicE JEAN PATTERSON.









STUDIES IN SCIENCE

PART ONE
FALL STUDIES

CHAPTER 1

PLANT STUDIES

Plants are among the most important objects in your
environment. They not only add much to the beauty
and comfort of your surroundings, but they feed and
clothe the world. FEverything that you eat, if you
omit water and certain minerals that it contains, may
be traced directly or indirectly to plants. The same
thing may be said about your clothing. Much of the
raw material of which it is made comes directly from
plants, while the rest is provided by animals that de-
pend upon plants for their food.

Plants are not only important because of what they
directly provide, but through them a large proportion
of the men and women all over the world earn a live-
lihood. Some of you are even now directly interested
in gardening or farming. Your garden and farm pro-
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8 STUDIES IN SCIENCE

jects, however, will not have their full educative value
unless, along with the practical work, you study the
plants themselves to find out all you can about their
habits of growth, their relation to the soil, their work
and their uses.

1. VEGETABLES

Material. Vegetables raised in the district. Spe-
cial types—tomato, squash and pumpkin, potato and
sweet potato.

Study. Make a list of all the different kinds of
vegetables that have been grown in your neighbor-
hood this season. Classify them with reference to
the time they are ready for use:

A Spring. »

2. Early sumimer.

3. Late summer.

4. Fall

‘Which ones continue to supply food for the long-
est period without replanting? Which are in great-
est demand on the market? Which are used most
frequently on your home table?

The tomato. Observe tomato plants and note
their habit of growth. What is the position of the
stems of an unsupported plant? Describe the leaves.
They resemble the leaves of what other garden
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plants? For how long a period does the tomato plant
"blossom and bear fruit? Look for all stages from
the unopened flower bud to the mature fruit.

Fig. 1. 1. A tomato flower showing the slender sepals below and
the six-pointed corolla with the stamens clustered at the center. 2.
Flower with stamens removed showing the pistil in the center. The
round part of the pistil is the ovary. 3. A flower from which the
corolla has dropped. The withered stamens and style are still fas-
tened to the growing ovary. '

Examine a flower, and name and describe its parts.
If you do not know the names, find them in Fig. 1.
Compare a number of flowers and determine in what
respects they vary. What parts of the flowers fade
and drop off? What parts remain and produce
fruit?

Make cross-sections of several green tomatoes and
also of a ripe one. How many seed cells or sec-
tions do you find? Where and how are the seeds
fastened? Compare the fruit of different varieties
as to the amount of meat and seeds. Look for dif-
ferences among individual plants of the same va-
riety as to the number and size of the tomatoes and
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the quality of the fruit. Choose for seced those that
have the characteristics you wish to reproduce next-
year.

Name all the ways that tomatoes are used for
food. How are they preserved for future use? How
important are they as an industrial plant?

Discussion. In your study of the flowers you
probably found quite a difference among individuals
in the number of se” pals, pét” als and std” mens. Some
of them look as if they were a combination of sev-
eral flowers. This, no doubt, has come about by
cultivation. Botanists tell us that the flower of the
wild plant is simple and that the fruit does not have
so many sections. The fruit is an excellent example
of a berry. It is the ripened 6’ vary.

Tomatoes are fast becoming important industrial
plants. They are grown in almost every state in
the union. In many places large tracts of land are
given over to their culture. They are canned in
large quantities in canning factories as well as by
girls’ clubs and in the home. Quantities are also
used every year in factories to make catsup, pickles
and soup preparations.

History. The tomato. is a native of the warm
regions of South America. It was taken to Europe
during the sixteenth century, but was not used for
food until much later. In TUnited States it was
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raised as a curiosity or ornamental plant known as
the ““love apple’” until about 1830. It then began
" to be used on tlie table; but its true food value has
been recognized only about fifty years.

Description. The stem is weak and when unsup-
ported trails upon the ground. You probably found
flowers, the small green berry, the larger one and the
ripe fruit on the same plant. “This is one of the great
advantages of the tomato plant, since it continues to
blossom and bear fruit until frost kills the plant. The
leaves are compound, and they, as well as the flow-
ers, are similar to those of the potato. These plants
both belong to the Nightshade family.

Canning tomatoes. If you have never canned any
fruit, nothing is easier to begin with than toma-
toes. For directions see Harvesting and Canning,
page 150.

Tur Squasx axp Oraer CucursiTs

Material. Growing plants of s’qua‘sh, pumpkin
and other relatives as melons and cucumbers.

Study. No garden plant has more interesting char-
acteristics and habits than the squash and its relatives.
Observe one of the growing plants. How much space
does it occupy? What is the length of the longest
branch? T.ook down upon the plant and determine
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to what extent the leaves hide the ground. What
special adaptations can you find that make it pos-
sible for all the leaves to be exposed to the light?
Cut a stem in two and describe its structure. What
do you find on the stem besides leaves? Describe
a tendril. Where are the tendrils attached? What
is the use of the tendrils?

Tig. 2. Portion of a squash plant showing the relation of leaves and

tendrils.
.

Look for flowers. How many kinds do you find?
Examine the two kinds carefully, stating how they
are alike and how different. Try to make out the
special function of each flower. Observe the flowers
in the evening. What do they do?

‘What insects have you found visiting the flow-
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ers? ILook for the place where the nectar is secreted.

Cut a small green pumpkin or squash across the
center. How many distinet sections has it? To
what are the seeds attached? Cut a ripe one and
note the changes that have taken place. Compare
a section. of a cucumber with the pumpkin noting
resemblances and differences.

Discussion. The pumpkin, squash, cucumber, melon
and gourd belong to a family known as Cucurbitacae.
They are often called cucurbits. The entire family
is noted for the wonderful growth that the plants
make in a few weeks or months. They produce not
only long vines and large leaves, but great numbers
of large fruit. While these plants have the habit of
trailing upon the ground, some ‘of them are good
climbers. The gourd is an example. All of them
have tendrils which seems to indicate that perhaps
some time in their past history they were all good
climbers. Why would some of them not do well
as climbers now?

History. The history of squashes and pumpkins
is interesting. Botanists believe that originally they
were natives of Asia. Nevertheless, the North Amer-
ican Indians raised them in their fields of maize
long before the early colonists settled in America.

You will find it worth while to make a compara-
tive study of any other cucurbits that may be found
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in your neighborhood, as watermelons, muskmelons
and cucumbers. All of these are of Asiatic origin.
They were first brought over into Kurope and from
there to America. The melons thrive best in the
South where they have a warm soil and climate.
Description. You found two kinds of flowers, each

Fig. 3. 1. Staminate flower of a
squash. A, Corolla; B, One sepal
(Five of these form the ecalyx); 2.
Staminate flower with corolla and
calyx removed to show the stamens.
A, Opening into nectar eup; B, Fila-
menlg; C, Anthers joined to form a
knob.

with a five-lobed yellow
co rol” la and five slen-
der green sepals. The
one with the peculiar
body in the center re-
sembling a yellow can-
dle is a stam’inate
flower. If you rub your
finger over this body,
yvou find it is covered
with pol’len. It is
made up of the stamens.
At the lower part of
this you find some slits
which open into a shal-
low cup. In this is the
nectar which attracts
bees. This flower is
called staminate be-
cause it has stamens
and no pis’ til.
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The other flower with the ca’ lyx and corolla fas-
tened to the top of a green body which later be-
comes the fruit is the pis’ tillite flower. Inside the
corolla you find the pistil with three short styles
cach with a stig’” ma at the top. The green part be-
low is the ovary. This flower also has a nectar cup
situated just below the
styles.. Both flowers are
necessary to produce the
seeds, sinece neither has all
the essential organs.

Bees are usually the car-
riers of pollen from the
staminate to the pistillate
flowers. As the bee enters
the opening to get nectar
its legs and body become
dusted with pollen. When
it goes to a pistillate flower
it is almost certain to brush
against the stigmas and
leave some pollen. It is the
pistillate flower that always

Fig. 4. 1. Pistillate flower

of squash. A, Corolla; B,
Ovary which develops into
squash., 2. Pistillate flower
with corolla removed to show
pistil. A, Ovary; B, Neectar

produces the fruit and seeds.
In the ecross-section of the

cup; C, Style; D. Stigma.

green fruit you found

three curved partitions to which the seeds are at-

tached.

Tater the pulp changes to stringy coarse
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fibers which allow the ripe seeds to drop out in a
mass. .

There are a large number of varieties of squash
and pumpkin.

The hard-shelled squashes and a few pumpkins
may be kept.fresh for winter use if they are gath-
ered before being frozen and stored in a cool place.
They may be successfully canned by the hot water
or steam process. Besides their use as human food,
pumpkins are used largely as food for cattle.

Potatoes. Are potatoes in your community raised
as farm or garden crops? Are they early or late
varieties? At what time are they ready for use?
‘What is the condition of the plants of early pota-
toes at this season? Of late potatoes?

Study. Examine plants that are still green. What
is the position of the stems? Describe the leaves. 1t
there are any flowers find their parts. 1If they have
all faded, see if you can discover where they were
attached to the stems. Look for fruit. How do you
account for the fact that potatoes blossom and yet
rarely produce fruit and seeds?

Carefully remove the soil from a hill. How near
the surface are the potatoes or tubers? How far
from the center of the hill? Are the roots above or
below the tubers? How are the tubers fastened to
the main stem? Dig several hills and compare as
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to the number of tubers and uniformity of size.
‘Which hills would you prefer to use as ‘‘seed pota-
toes’’ next year?

If possible, compare different varieties of pota-
toes and note differences in color, shape, smooth-
ness of skin, number and depth of eyes. Which
do you consider preferable for family use? Which
may be peeled with the least waste? Do you find
seab, rough blotches, on any of the potatoes? What
causes scab?

‘What methods of harvesting potatoes are em-
ployed in your district? Find, if possible, what the
yield is per acre. What is a good average yield?
What is-the current price per bushel? What do
you think of potatoes as a paying crop? Which
takes the greater amount of labor, the raising of
a crop of corn or a crop of potatoes? Which yields
the greater profit?

Name all the uses of potatoes that you know; all
the different ways of cooking. How are they stored
and kept for future use? See Home Projects, p. 159.

Discussion. The potato is among our most valu-
able garden and farm crops. It is probably used
more extensively as food the world over than any
other crop except rice., In the northern states it is
an important farm crop; in most other states it is
raised as a truck or garden crop.
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History. The potato is a native of America. It
was probably found in South America and Mexico
by the early Spanish explorers, who introduced it
into Europe. It was soon grown in a number of
the European countries. It became so important a
crop in Ireland that the name Irish potato was given
to it. The early colonists from Europe brought it
over into Virginia and New England. It has been
greatly improved by cultivation and selection. Great
numbers of new varieties have been produced. The
wild potato is still found in Chili and Peru. The
tubers of this wild plant are very small, not larger
than small marbles. The flowers are abundant and
most of them produce fruit and seeds.

Description. The plant is weak and trailing, a rela-
tive of the tomato, which it resembles in leaves, flow-
ers and fruit. You have noticed that while the potato
has flowers it seldom produces fruit. This habit is
probably brought about by cultivation. The food
the plant consumes is used to produce large tubers
instead of fruit and seeds. The fruit is a small
green ball resembling a small tomato.

You will be interested to know that seeds are
used to produce new varieties. If you should plant
potato seeds you would get a large number of dif-
ferent kinds of potatoes. Most of them would prob-
ably be of little value, but among them you might
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find one of such excellent qualities that it would be
well worth growing. You could give it a name and
after several years when you had grown a large
quantity put it on the market as a new variety. That
is just what potato breeders have done to produce the
different kinds of potatoes.

Instead of-seeds, the tuber is used to propagate
new plants. Much may be done to improve the po-
tato crop both in quantity and quality by a careful
selection of tubers for planting. You noticed in
comparing the hills that some produce a larger
number of fair-sized potatoes than others. These are
the ones that should be chosen to plant next spring.

Potatoes are used chiefly as food for the table.
They are also used largely in some places for mak-
ing starch. They are very nutritious when prop-
erly cooked. Baked potatoes are more wholesome
than those cooked in any other way. Another method
is to boil the potatoes with the skins on. In both
these methods certain healthful minerals are retained.

Potatoes yield on an average about one hundred
bushels per acre. Some tracts yield two or three
times that quantity. The estimated cost of raising
an acre of potatoes is between twenty-five and forty
dollars. You can easily calculate the net profit.

Sweet potatoes. To what extent are sweet pota-
toes raised in your community? What is the habit
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of growth of the plant? How many branches grow
outward from one plant? What is the length of
one stem? Describe the leaves. Compare a num-
ber of leaves and note variation in shape of blade
and lengtih of pét’iodle.

Study. Dig up a plant and observe how the roots are
attached to the stem. How many potatoes does one
plant produce? Get the average of several hills.
How greatly do the potatoes in one hill vary in size?
Compare a sweet and a white potato, noting dif-
ferences.

Look for flowers. Where are they attached to the
vine? Study the parts. Find the seed pods. How
many sections in each? How many seeds? What
common flowering plant do the flowers, leaves and
seeds resemble?

At what time are the potatoes harvested? What
is the yield? How wvaluable is the crop? What is
the current price per barrel or bushel? How are
potatoes stored for future use? What is the history
of the sweet potato?

Discussion. The sweet potato is a near relative
of the morning-glory. You probably noticed the
similarity in the shape of the leaves. The flowers,
too, resemble those of the morning-glory. However,
in the North flowers are rarely produced. In the
South they are common. They are purplish pink
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in color and the corolla is from one to two inches
across. The ovary ripens into a four-celled pod
very much like that of the morning-glory. There
is one seed in each cell.

‘History. The sweet potato stands next to the Irish
potato as an important garden crop in United States.
It is the chief. garden crop in the South. Certain
varieties do well in some of the northern states. New
Jersey is especially noted for its fine sweet potatoes.

The native home of the sweet potato is not definitely
known, but botanists believe that it originated in
tropical America. It reaclhes its highest development
there, where it is a perennial, living year after year
producing its roots and seeds each year.

Description. The sweet potato is a fleshy root,
while the white or Irish potato is a tuber, a kind of
underground stem. Small branch roots grow from
the ends and sides of the sweet potato, but there are
no eyes or buds as there are on the white potato.
The fleshy roots are used to propagate the plants.
They are planted early in the season in a hotbed.
They send out a large number of sprouts. These
are pulled off and set about eighteen inches apart
in ridges that have been prepared for them. Some
growers set out a few plants and when these have
grown stems eight or ten inches long the ends are
cut off and set out, thus producing new plants.
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2. Frowering PranNTs

Material. Flowering plants of the neighborhood.

Choose for study several annuals that have single
flowers, as petunia, nasturtium, California poppy,
sweet pea, snapdragon or larkspur. Note the habit
of growth, the characteristics
of the stem and the leaves.
. Study. Examine a flower.
What different organs do you
find? What are their names?
See Fig. 5.

‘What is the funection of a
flower? What parts are neces-
sary in order that seeds may be
formed? Look for pollen on
Fig. 5. Section of a the ganthers. Where must the

petunia flower. In the cen-

ter is the pistil. A, Ovary; pollen be placed in order e
B, Style;” C, Stigma (at 1 14 d in order to b

the sides are the five of use in forming seeds? Find
stamens) ; D, Filament; E, ), j
Anther, in which pollen is flowers in various stages of de-
Ll velopment from those that have
just opened to those that are fading. What parts
wither and drop off? What ones remain? What
develop into fruit and seeds? Study the fruit in its
stages of growth.

‘What insects do you find on your flowers? Watch
patiently to discover what they are doing. Deter-

mine, if possible, where the nectar is secreted and
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to what extent insects must become dusted with pollen
in order to obtain :it.

The following outline will be found helpful in the study of flow-
ering plants.

1. Name:

2, llabit of growth:—erect, procumbent, climbing, creeping.

3. Stem:—tall, low, branching, spreading, smooth, hairy, sticky,
ete.

4, Leaves:—simple, compound, large, small, hairy, soft, rough,
special characteristics that make them attractive.

5. Flower:—a. single, cluster; b. dates of flowering; c¢. sium-
ple description of parts; d. special features. Where is the nectar
secreted? Insects that visit the flower. .

6. Fruit:—a. kinds; pod, capsule, berry, pappus flyer, etc.;
b. seeds:—few, many, large, small, special adaptions for distribu-
tion.

7. Remarks:—history, family relationship, value for ornamental
purposes.

Filled out for the petunia, the outline will appear in your note-
books as follows:

1. Name: Petunia. .

2. Habit of growth:—procumbent and spreading with many erect
branches.

3. Stem:—hairy and sticky.

4. Leaves:—simple, vary in size, hairy, sticky, thick.

5. Flower:—a. simple; b. dates of flowering, from June until
frost; c. calyx, green, five sepals; corolla, white, purple, or pink,
funnel shape, long tube; stamens, five fastened to the tube of the
corolla; pistil, one in center with large green ovary, slender style
and disk-like stigma; d, nectar is secreted at the base of the
corolla tube. Moths and butterflies visit the flowers to get nectar.
All parts of the flower wither and fall off except the calyx and ovary.

6. Fruit:—a. formed from ovary, a conical pod or capsul. b.
seeds, many and small; pod splits at top and seeds fall out.

7. History, ete.: The petunia that we know has been produced
by the mixing of two species that are natives of South America.
One of these had a large white flower, the other a small, reddish
purple one. The two species were introduced into Europe some
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time between 1823 and 1832, and it is from the mixing of these that
we get the different colors that petunias show today.

The petunia belongs to the Nightshade family; hence is a relative
of tomatoes and potatoes. '

In a similar way fill out the outline for other flowering plants.
You will find some interesting differences among them. For ex-
ample, the nasturtium has its nectar secreted in a long spur which
is formed from three of the sepals. It has very prominent streaks
on the petals which lead down to the nectar. These are called
nectar guides.

The California poppy has its sepals in the form of a green cap
which encloses the flower bud. This cap falls off when the flower
opens and nothing is left but the little frill to which it was fas-
tened.

The sweet pea has three differently shaped petals in each flower.
It is known to botanists as the butterfly flower. Each kind of petal
has a name; the broad one at the top is the banner, the side ones
are the wings, and the two that are joined together to hold the
stamens and the pistil form the keel. Our common beans and peas,
the different kinds of clover, locust and red bud trees all have this
same Kkind of flower. The fruit also is similar, a flat pod with seeds
on the inside. The pod is called a legume.

Composite flowers. After you have studied several
simple flowers, choose one that has a large number
of small flowers crowded together into a head, such as
a sunflower, cosmos or gaillardia. ’

Examine a sunflower or other head. How many
different kinds of flowers do you find? How do the
little flowers, or florets, in the center differ from those
at the outside? Choose for close observation one of
the florets that has two thread-like bodies projecting
from the top and ending in a curl. Find all the parts
of the flower. How many points has the brownish
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corolla? How many sides has the brown tube at the
center. Open up the tube with a pin and see what is
on the inside. What are the two curled over threads
at the top? To get the names study Fig. 7. What
part will produce the seed? Break a head through
the center so that you may better see the arrange-
ment of the florets. Describe the little bodies that
you see sticking up at the base of each little flower.

Which florets open first? If possible watch a head
for a number of days to solve this problem. KFxamine
" closely one of the outside flowers. What parts does
it lack? Does it produce seed?

Study a head that has goné to seed. What parts
of the florets are left? Count the seeds. What
use is made of sunflower seeds? How valuable are
they?

Discussion. The sunflower is an excellent type of
a large group of flowering plants both wild and cul-
tivated that have a great number of small flowers
crowded into a head. All such plants belong to the
family Compositae. We usually speak of the flowers
as composites.

Look for other composites among your flowering
plants. You will find some interesting differences
among them. The zinnia and asters have well devel-
oped styles and stigmas in their ray flowers, so they
produce seeds as well as the disk flowers. The bracts
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in these flowers are fringy and colored and add no
little beauty to the flowering head.

Make a collection of all the composites among your
cultivated flowers.

Sunflowers are of considerable value in certain
states, especially
Kansas, Nebraska
and parts of Mis-
souri. The stalks are
sometimes used for

fuel, while the seeds -
Fig. 6. 1. Ray flowers of a zinnia

showing the curled stigmas, the style, are used to feed stock
ovary, and one petal in the corolla. o
2. A disk flower of the zinnia showing and pOIlltI"y. Ay ery

the five-lobed corolla attached to the 1 1
ovary, and the slender bract at one side. gOOd oil resembhng

olive oil is made from
the seeds. An acre of sunflowers yields about sixty
bushels of seed.

Description. The sunflower is a good specimen
to study because its parts are so large. The outside
florets with the showy petals are known as ray flow-
ers, while the small inner ones are disk flowers. The
disk flowers have all the organs present, the two
parted calyx, the five pointed corolla, the stamens
enclosed in a tube and the pistil whose style grows
up through the midst of the stamen tube with the
two curled stigmas at the top. The ovary is at the
very lowest part. The small leaflike bodies that you
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find attached near the base of the florets are bracts.
The same name is given to the over-lapping green
bodies that are attached to the underside of the head.
This entire group of bracts
is called the involucre. It
protects the head before it
is ready to open up its
flowers.

You probably discovered
that the ray flowers do [ )
not have either stamens or  Fig. 7. 1. A disk flower of

the sunflower in the early stage

stigmas; hence they do not of blossoming. 2. The same
flower in a later stage. A,

produce seeds. They are Ovary; B, Calyx; C, Corolla; D,
Anther tube; E, Stigma.

the showy flowers, how-
ever, and probably aid in attracting the inseet visitors
that transfer pollen from one flower to another.

The regular arrangement of the flowers and later
of the seeds in the head is one of the interesting
features of the sunflower. The florets open from the
outside toward the center, so you can find in the
same head all the stages from those that are begin-
ning to wither at the outside to the unopened buds
in the center.

Perennials. Look among your perennial flowers
for composites. Make a list of all the perennials
that blossom in the fall. What parts of these plants
live over winter? Why are they called perennials?
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Perennials may be used even more than annuals to
make your home grounds attractive. By making
careful selection you may have perennials flowering
from early spring until heavy freezes in the northern
states and all the year around in the southern states.

3. Wb Frowegrs

Study. What wild flowers are in blossom mow?
Where do you find them? What different colors do
you find among them? Are they annuals or peren-
nials? Look at a number to determine whether they
have simple or composite flowers.

Make a detailed study of golden-rods. Use the
outline suggested for annual flowering plants.- Both
golden-rods and asters are composites. The heads
of the golden-rod are very small and are arranged
together at the top of the branches, thus giving the
beautiful feathery appearance to the cluster. You
will find that they have both disk and ray flowers.
Small as the flowers are you can see that both kinds
produce seeds.

Watch the changes that take place as the flowers
fade. What is the color of the heads when all have
gone to seed? What gives them their fluffy, feathery
appearance? What adaptation have they for scatter-
ing their seeds? Look for different species of golden-
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rod. Make a detailed study of asters and other wild
flowers. If you cannot go to the fields to wateh the
changes that take place in these flowers, place a few
sprays of each in jars of water indoors. They will
confinue their development here. Another reason
for doing this is that golden-rods and asters are
almost as beautiful after the flowers have faded, with
their gray, fluffy seed heads, as they are when in full
bloom. Even after the seeds with their hairy para-
chutes have flown away, these plants are still attract-
ive with their dark brown stems and silvery white
disks. In order to appreciate the beauty of the land-
scape during the fall and winter, these should be
observed in the fields and along roadsides with other
plants.

A few of these wild plants mixed in with your
perennial border in the garden will add much to its
attractiveness. You can grow them either from seeds
or roots.

Discussion. While you are studying flowers both
annual and perennial observe carefully the different
shades and colors and determine which ones look
well growing side by side. You can plan color
schemes for flower projects much easier in the fall
and summer when you see the flowers themselves,
than you can in the spring when you have nothing
but seed catalogues to depend upon.
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While you grow your flowering plants in order to
derive pleasure from their beauty, it is well to re-
nmiember that, as far as the plants themselves are
concerned, their flowers exist not for us but to pro-
duce seeds. Scientists tell us, although it has not
been proved conclusively, that the bright colors of
flowers help to bring insects to them.

It is certain, of course, that the nectar is secreted
to attract insects. All this is done so that pollen may
be transferred from the anthers to the stigmas. The
stamens, which produce the pollen, and the pistils are
the essential organs of the flower. When you study
botany you will learn in detail about the wonderful
process that takes place in the making of a seed.
The following paragraphs give only a brief discus-
sion of this process. ‘

The making of a seed. The first step is the trans-
fer of pollen from an anther to a stigma. This is
called pollination. The transfer of pollen from an
anther to a stigma of the same flower is seif-pollina-
tion. Cross-pollination is the transfer of pollen from
the anther of one flower to the stigma of another
flower of the same species.

The pollen is formed in the anther and when it is
ripe the anther bursts open and it comes to the out-
side. The stigma is the part of the pistil that is
prepared to receive the pollen. When it is ripe or
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ready for the pollen it has a sticky secretion on it,
so that if a grain of pollen falls upon it or is brushed
from the hairs of an insect it holds this fast. The
little grain then germinates and produccs a tube-
like structure called the pollen-tube. This grows
downward through the style to the ovary.

In the pollen-tube two cells are found, called sperm-
cells. In the ovary is an egg-cell. When the tube
reaches the.ovary one of the sperm-cells unites with
the egg-cell and forms a mnew cell. This union is
known as fertilization.

The new cell is the beginning of the seed. It grows
rapidly for a time, then stops growth, becomes dry,
and we say the seed is ripe. When you find a great
number of seeds in a pod it means that there was a
pollen grain and an egg-cell for every seed that was
formed.

Bees, moths and some wasps aid plants by ecarry-
ing pollen from one flower to another and thus help
to insure the production of seed.



CHAPTER II
FARM CROPS

1. Corx

Material. A cornfield in the community; an entire
corn plant inecluding the root system. This should
be removed from the ground while the leaves are still
green. If it is kept in the basement of the school-
room or other cool place, it will dry slowly and may
be used for study any time during the year. Provide
also a number of ears of different varieties of corn
including several small, unripe ears. These should
be removed from the stem when two or three inches
in length. They may be preseryed indefinitely in a
jar of alcohol or four per cent formalin.

Field study. Select a plot ten hills square either
in your own plot or in a portion of a large cornfield.
What is the distance between the rows? Between
the hills? How many stalks in a complete hill? How
many hills with one stalk? With two? How many
missing hills? What is the actual number of stalks
in the plot? What would be the number if each hill
had three stalks? What percentage of a perfect

32




FARM CROPS 33

stand does the plot show? How many stalks have one
good ear? Two? How many stalks are barren?
How 1ﬁany with smut? With suckers? (A sucker is
a small stalk branching from the main stem close
to the ground. It never bears a good ear, and there-
fore uses up food with little profit.)

How much greater would your yield be if you had
a perfect stand with one good ear on each stalk?

Tue Corxy PranNt

Roots. KNotice the root system. How many dis-
tinet kinds do you find? Describe the main roots

Fig. 8. Root system of a corn plant.

as to number, size and branching. What is their
direction of growth? If you have access to a corn-
field, dig carefully around a plant to find the rela-
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tion of the roots to the soil. How mnear the surface
are they? How deep do they grow? How far out
from the hills? How far between the rows?

Where are the brace roots? How many joints on
the stem produce these roots? Examine a number of

.7 plants and
‘ ES' report on
; the greatest
number of joints bearing brace
roots. Do they all succeed in
reaching the ground? What is
the function of these roots?

Stem. What is the height of
the stem? To what extent do
plants vary in height? How thick
is the stem? Measure it near the
base and again just below the tas-
sel. What is the difference? How
many joints, or nodes, in one
AR el A
pistillate flowers. A,

Ovary; B, Style. vantage of this?

With a sharp knife cut a stem into small sections.
How many different structures do you find in a cross-
section? Describe them. Make a longitudinal section
and describe what vou find. i

Leaves. Count the leaves on one plant. Where
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are the longest ones? The shortest? Where and
how are they fastened to the stem? What are the
parts of one leaf? The lower part that wraps
around the stem is called the sheath. The long
slender part is the blade. Is the sheath open
or closed? What part of the blade is longer, the
middle or the margin? What advantage do you see
in this wavy margin? FExamine the plant where it
is hinged to the sheath and describe what you see.
What is the chief work of the leaves?

Flowers. What do you find at the top of the
stalk? Do you know what the tassels really are? De-
seribe them. Which do they resemble more, heads of
wheat or of oats? Carefully remove the husks from
a very small ear, one that has just started to grow.
Trace the silk down to the cob. What do you find
here? See Fig. 9.

Ear. Where is the ear attached to the stalk? How
long is the shank or stem? Remove the husks. To
what are they attached? Compare the outer with
the inner ones. What do you find on the outer ones
that leads you to believe that husks are modified
leaves? In what condition do you find the silks on
a mature ear? How many rows of kernels are there
on one ear? Count them on several and get the
average. Is the number odd or even? How do ker-
nels at the tip and butt differ from those on the other
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parts of the ear?
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What is the number in one row?

If you discard the small kernels at the tip and butt
how many will one ear furnish if used for seed?
How many hills will it plant if you use three grains
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Fig. 10. A, A well shaped and well filled
ear; B, A perfect tip; C, Kernels well filled
to the tips, wedge shape so that no space
is lost; D, A well filled butt.

in each hill?

Selection. In se-
lecting seed, con-
sider the entire
plant as well as tlie
ear. Visit a corn-
field and select
plants from which
to choose seed.
Look for the fol-
lowing points: 1.
An erect, strong,
well formed stalk
growing in a hill
with two others. 2.
Well developed
brace roots. 3. A
plant free from
smut and suckers.
4. The ear situated
a little above the
middle point of the
stalk.
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In choosing seea corn the chief object that a farmer
has is the yielding qualities. _

Examine a number of ears and determine what
characteristics they have that will make them pro-
duce a good yield next year. You will no doubt have

the following points:

1. Shape: An ear that is cylindrical will have more kernels
than one that tapers too much at the tip.

2. Size: (a) length, (b) circumference. An ear of good
length and width will, of course, yield more corn than a smaller ear.

3. Rows: The rows should be close together so there will be
no waste space.

4. Tips and butts should be well filled out.

5. Shape of kernels: (a) Wedge-shaped grains have little
space between the tips at the cob; (b) a deep grain.

These are the chief characteristics that make an excellent yielding
ear. There are two other points, however, that must be given con-
sideration.

6. The ear must be well matured, not soft and flabby.

7. The color of the ear should be true to the special variety of
corn. There should be no mixing of colors or grains; white corn
should nave a white cob, yellow corn a red one.

If you were arranging a sample of ten ears for a
corn contest according to these seven points, you
should have the ten ears as uniform as possible in
shape, size, color, ete.

Value. How valuable is the corn crop in your
neighborhood? What is the average yield? The cur-
rent price per bushel? Look in your geography to
determine how corn ranks among grains raised in
United States. What states are included in the ¢“‘Corn
Belt”’?
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Uses. Write a list of all the uses of corn that you
know. Make a collection of corn products. Put them
into small bottles or vials and mount on stiff card-
board. Make a collection also of as many different
speeies and varieties of corn as possible.

Discussion. No doubt you have discovered in your
study of the corn plant that it resembles grass in
some of its characteristics. In faect, it belongs to the
Grass family. It has fibrous roots which grow in all
directions frequently reaching at maturity a depth
of from three to four feet. The brace roots help to
hold the corn erect.

Stem. The cross-section of the stem showed the
outside woody part which gives it strength, and the
white pith on the inside with the threadlike fibers
scattered through it. These are called fibro-vascular
bundles. They are reallyllittle systems of canals
which carry water and other raw material from the
roots to the leaves, and digested food from the leaves
back to the stem, roots, seeds, or wherever it may
be needed.

Leaves. The chief work of the leaves is to manu-
facture food for the entire plant. You have already
observed that the leaf surface on one plant is very
great. This makes possible the manufacture of vast
quantities of food so that growth may be very rapid.
The wavy margin prevents the long leaves from being
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torn in the wind. The projection that you found
at the hinge between the blade and the sheathe is
called the rain guard. This keeps the water during
rains from pouring down between the sheathe and

stem.
growth of mold or mildew.

Flowers.

Moisture here would probably result in the

The tassels and small shoots with the

silks are the corn flowers. -They do not have all the

parts of ordinary flowers, but
they do have the essential
parts. If you have ever seen
a corn plant just after the tas-
sels have opened, you have
noticed the yellow powder or
pollen scattered wupon the
leaves and even on the ground.
If you looked at the tassel
closely you saw the stamens
that produced the pollen
dangling from each of the little
side branches, the spikelets.
Since the little flowers of
the tassel produce only the
stamens, they are the stami-
nate flowers. The tiny shoot
that becomes the ear has rows
of round bodies each with a

A

Fig. 11. 1. The pistil-
late flower of corn. A,
The glumes that produce
the chaff when the corn is
ripe; B, The ovary which
produces the kernel; C,
The style or silk; D, The
stigma. 2. The stigma en-
larged to show the hairs
that catech the pollen.
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silk fastened tQ‘it. These are pistils. The round
body is the ovary and the silk is the style. This
is the pistillate flower because it bears pistils and
no stamens. Both kinds of flowers are necessary to
produce the seed.

Germination. First pollination takes place; that is,
a grain of pollen settles upon the stigma, which is the
end of the silk. If the pol'len comes from the tagsel
of the same plant, we say the flower is self-pollinated.
If it comes from another
plant the flower is cross-
pollinated. Most corn in
our fields is ecross-polli-
nated. The wind, whieh is
the chief ecarrier, trans-
| fers the pollen from one

Fig, 12. Staminate flower of plant to another.
corn. A. The stamens as they .
hang to shed the pollen; B. The The pollen grain on the
Teff ik Elhgies. silk germinates and forms
the pollen tube, which grows downward through the
entire silk until it reaches the ovary. In it are two
sperm cells, so small that you would have to have a
microscope of high power to see them. When the
cells reach the ovary, it is ready to receive them. In
faet, it has been getting ready for them while the
tube has been growing through the silk. In it are
two important cells also. One of these is called the
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egg-cell, and the other the én” do spérm cell. One of
the sperm-cells from the pollen tube unites with the
egg-cell to form a new cell. This has the power to
grow until it forms a little plantlet which we call the
germ or ém’ bry 6 part of the corn grain. The union
of this sperm-cell with the egg-cell in the ovary is
called fertilization. This must always occur before
the germ or embryo can be formed.

The second pollen tube cell unites with the endo-
sperm cell of the ovary and the resulting new cell
grows into the large starchy part of the corn kernel,
which is called the endosperm. This is simply a store-
house of food placed around the little germ to supply
it with nourishment while it is developing its first
roots and leaves. It is because of the fact that plants
in this and similar ways store so much nourishment
in their seeds to furnish food for the little embryo
that seeds are so valuable as food for men and
animals.

As the seed germinates and grows the endosperm
is used up. By the end of the season it has disap-
peared; but the embryo grows into a new plant. Just
what kind of plant it will be and what kind of corn
it will produce depend largely upon the character of
the plants that produced the pollen grain and the
ovary cell that united to form the beginning of the
seed. You can easily see from this why the charac-
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teristics of both plants are so important and why corn
growers should select for seed ears as nearly perfect
as possible, grown upon plants of the kind they wish
to produce. If it is desired, a detailed study of the
grain may be made at this time instead of in the
spring. See Fig. 30.

Selecting and storing seed. The best time to se-
lect seed corn is early in the fall before heavy frosts,
and the best place is in the field, not in the erib. You

Fig. 13. Seed corn rack.

have already discovered the important characteristics
to consider in choosing corn for seed. After the seed
is selected comes the question of storing it for the
winter. Certain conditions are essential for keeping
the seed corn:
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1. The atmosphere should be dry.

2. The temperature should be even and not too
cold.

3. The ventilation should be good.

A simple method is to tie a number of ears together
and hang them up in some convenient place such as
an attie, dry shed, or an unused room. Agricultural
colleges have suggested a number of methods. See
Fig. 13.

Uses of corn. Corn is used most extensively as
food for stock. Not only is the grain used, but also
the stem and leaves as green or dry fodder, the whole
plant in silage, the bran in ground feed, and the germs
in corn-oil cake.

“Corn also furnishes a large supply of human food
in the form of corn-meal, breakfast foods, hominy,
corn starch, syrup and oils.

Corn oil is manufactured into rubber from which
boots, shoes, tires, linoleums and oileloth are made.
It is used also in the manufacture of soap and in the
mixing of paints. The cellulose from the stem is
used to a slight degree in the manufacture of paper.
- The cobs are used in the manufacture of pipes and
also for fuel. Even the stalks are used for fuel in
some of the western states.

History. Corn is a native of the New World. The
Indians called it maize. Its original home was prob-
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ably in Mexico or South America. When America
was settled by the colonists, corn had already been
domesticated by the Indians, who taught the white
man how to grow it.

Types. There are six important species of maize.*
The most valuable variety is Dent, which is our com-
mon field corn. It gets its name from the dent in the

“THE SEVEN SPECIES OF CORN
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Fig. 14. Seven species of corn.

- BRANCH

crown of the grain. There are many varieties of Dent
corn including all the white and yellow as well as the
red and mixed colors. -

Flint corn has a smaller ear than Dent, with from
eight to twelve rows of kernels. The grains are
smooth and hard. This corn is used largely as fod-
der and silage. Tt is the chief corn grown in the

northern tier of states.

*A new type, the branch corn, has been developed, but as yet has
no commercial significance.
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Sweet corns are known by their wrinkled grains
and their large percentage of sugar. As green corn
they are used largely for human food. It is said that
the first sweet corn cultivated in America was secured
from the Susquehanna Indians in 1779.

Pop corn is characterized by its small grains and
its power to turn wrong side out when heated. When
corn pops, the moisture in the grain vaporizes and
expands. It is held in by the hard covering which
at last explodes.

Pod corn is rarely seen. It is raised chiefly as a
curiosity. KEach grain is enclosed in a little husk or
pod of its own. The entire ear is also inclosed in
husks. This is of interest because it is supposed to
be the original type of corn from which all the others
have sprung.

Soft varieties of corn are raised only in southern
regions. The mummy corn of Chile and Peru is said
to belong to this group.

2. Wagar*

Material. Specimens of entire wheat plants, sam-
ples of grains, collection of wheat produects, plates or
boxes for germination tests.

*Note. Wheat and other farm crops that provide food or clothing
may be studied with profit either in the city or country. While the
lessons are suggested for the fall, they may be used equally well
in the spring in regions where spring wheat is grown. Since in
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Study. Make a list of the different foods that are
made from wheat. Look at labels on boxes of cereals or
breakfast foods, macaroni, etc. What different kinds
of wheat flour do you know? How do breads made
from these differ? Begin at once to make a collec-
tion of wheat products. Place them in small vials,
label and fasten by means of fine wire to a sheet of
stiff cardboard. A chart showing heads and grains
of different varieties of wheat will also be of interest.

The wheat plant. Examine a wheat plant. :De-
scribe the roots. How tall is the stem? Break it
and deseribe the inside. How are the leaves fastened
to the stem? How many distinet parts to each leaf?

The head. We call this kind of flowering head a
spike. Each of the branches is a spikelet. How many
spikelets in a spike? Count the number in each head
and get the average. How many divisions in one
spikelet? How many grains? If you have more than
one variety of wheat compare them as to the number
of spikelets and grains; Estimate-the whole number
of grains in one head. Carefully pull to pieces what
is left of the flower inclosing the grain. Each small

many places the study of the plant must be made at a time when
field study is impossible, every school should have as a part of its
equipment a number of specimens of entire wheat plants. They
may be kept from year to year by tying them into small bundles
and hanging them up. It will add to the profit of the study if sev-
eral varieties are used. There should be at least one specimen of
bearded and one of beardless wheat.
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leaflike body is a glume. If the wheat is a bearded
variety, note to what the beard or awn is attached.

The grain. Examine a grain and write down
everything that you see. Determine which end of
the grain was fastened to the stem. How deep is the
crease in the grain? Compare dry grains with those
that have been soaked over night, noting differences.
Split open a dry grain. What do you find on the
inside? Open a soaked grain and compare with the
dry one. What part of the grain is used in making
pure wheat flour? Whole wheat flonr? Bran? What
part produces the new plant?

Purity test. Spread a small handful of wheat on
a piece of white paper. Now separate the weed seeds
and other foreign objects from the grain. Put the
wheat in one pile and the foreign matter in another.
BEstimate about what proportion is pure seed. If you
have a pair of balances, weigh each and get exact
per cent of purity. If you find weed seeds, deter-
mine if possible what kind they are. This is a good
time to refer to your weed list, which you will find
on page 77.

Germination test. If you are planning to sow
wheat, you should make a germination test. To do
this, take one hundred grains from a sample of seed
wheat. Place moist sand or soil in a dinner plate
or shallow box. Scatter the seeds on the surface of
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the sand not allowing any two to touch each other.
With your finger gently press each grain so that it
will rest firmly in the sand, but do not cover it. Turn
another plate over this one to keep the moisture in.
Set it away in a warm place.

Watch for the germination of the seeds. How
long after the planting before the first small sprouts
appear? Watch them from day to day until you
are certain that no more grains will sprout. By
counting the grains that have sprouted, you will
be able to determine at once the per cent of germi-
nation. If you sowed only the usual quantity per
acre, what percentage of a perfect stand would you
expect to get from the tested seed?

Study. Examine one of the sprouted grains. From
what part do the roots grow? How many roots
are there? Where does the shoot appear? Which
grows more rapidly at first, the roots or the shoot?

Plant some wheat in a box, keep it moist and watch
the growth of the plants. If you have a school gar-
den or a small plot on the school grounds that may
be used, plant some out-of-doors and watch it at inter-
vals all fall and winter. What change takes place
in the habit of growth when it is about six weeks
old? What advantage is it to the plant to spread
out rather than to grow erect? To what extent do
the plants remain green over winter? Ixplain why
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a vast amount of snow is a benetfit to the wheat crop.

What enemies has wheat? How may they be com-
bated? The Hessian fly and the chinech bug are among
the worst insect foes. Rust and smut are common
fungous diseases.

Discussion. From your observation you find three
distinet parts to each grain of wheat; the covering,
or hull from which bran iIs made, the starch which
constitutes most of the white flour, and the small
dark body, the embryo. The embryo is the little plant
that develops its root and shoot when the seed is
kept sufficiently warm and moist. The starch fur-
nishes food for the growing plant. In whole-wheat
flour the embryo and the inner covering of the grain
are used as well as the starch. Graham flour is a
mixture of finely ground bran and ordinary flour.

Varieties of wheat. Wheats are divided into spring
and winter varieties. Winter wheats are planted
in the fall and live through the winter beginning their
growth again in the spring. Spring wheat, as the
name indicates, is planted in the early spring and
matures its grain the first season.

There are hard and soft varieties of both spring
and winter wlieat. Winter wheats are preferred in
all regions where the extremes of temperature are
not too severe for them, because they yield more
than spring wheats. They are ready to harvest ear-
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lier, and are better able to withstand attacks of
insects and fungous diseases. Almost two-thirds of
all the wheat grown in the United States is winter
wheat.

Kansas and Nebraska are the centers for the hard
winter wheat; the middle western states raise semi-
hard wheat; while the southern states raise both
semi-hard and soft. The great wheat regions of the
North, Minnesota and the Dakotas, raise hard spring
wheat.

There are a great many different varieties of all
these kinds of wheat. You may be interested to
know how new varieties are obtained. There are two
ways. Perhaps some of you have noticed in walking
through a wheat field that here and there a few
heads seem somewhat different from the rest.” Wheat

» or variations. That is

is likely to have ‘‘sports,
why these plants differ from others though grown
from apparently the same kind of seed. Breeders
who wish to obtain new varieties select one of these
heads that seems to have good characteristics. They
save the seeds and plant them in a small plot by
themselves. If during the first year the good char-
acteristics seem to persist, the seed from this small
plot is preserved and planted on a larger plot. In
a few years there is enough seed to plant a number

of acres. If the variety proves valuable, the breeder
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gives it a special name, and a new variety of wheat
is soon on the market. This is called the ‘‘selection
method.”’

A second method is by means cof ‘‘cross pollina-
tion.”” 'Wheat does not cross pollinate naturally as
corn does. This is because the flower is so arranged
that the pollen does not escape but falls upon the
pistil of the same flower. If breeders wish to cross
pollinate wheat, they must do it by hand. This is
a kind of work that requires special training and must
be done by experts. The stamens of one flower are
carefully removed and on the pistil of this flower
pollen from the flower of a different variety is placed.
In this way characteristics of the two plants are
mingled in the new seeds that are formed, and a
new variety may be produced.

Planting wheat. What methods of planting or
sowing wheat are employed in your distriet? If
possible visit a farm and examine a drill and a broad-
cast seeder. The drill plants the wheat in rows about
eight inches apart. The seeder scatters it broad-
cast over the field. In the early days farmers sowed
wheat broadecast by hand.

Value of the wheat crop. How many farmers in
your district raise wheat? What is the average yield
per acre? What is the price per bushel? How im-
portant is the wheat crop in United States? About
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one-fifth of all the wheat raised in the world is pro-
duced in United States. This amounts annually to
something over 700,000,000 bushels. With the help
of your geography locate the wheat regions of our
country to find out what large cities owe their pros-
perity to the manufacture of wheat into flour and
other products. Besides the grain the straw is of
value as food for cattle and horses. The yield of
wheat varies greatly in different localities. Some
fields yield as low as fifteen bushels per acre. Others
yield fifty and sixty.

Wheat project. If you live in a region where wheat
is an important erop, you may be interested in start-
ing a plot of your own. Follow the directions for
planting oats, page 183.

3. (Grasses AND LLEGUMES

Material. Grasses and clovers found in the com-
munity, specimens showing roots, collections of leaves,
flowers, and seed heads, for study and booklets.

Study. Name all the different places in your
neighborhood where grasses of some kind are grow-
ing. To what extent do you find roadsides, vacant
lots and railroad right-of-ways covered with grasses?

Meadow grasses. What grasses do you find in
meadows? Does one grass constitute the entire
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meadow or is there a mixture of plants? Kxamine a
timothy plant. What is its habit of growth? Does
it grow in clumps or spread evenly over the ground?
Dig down to the roots. Describe them. How deep
do they go? Describe the leaves; the flowering head.
Which does it resemble more, a head of wheat or one
of oats? What is timothy used for? When is it har-
vested? How is it kept for future use? What other
meadow grasses are grown in the community? Com-
pare them with timothy noting resemblances and
differences. If timothy is not grown in the region
where you live, choose your chief meadow grass and
study it using the topics suggested for timothy.

Pasture grass. What is the chief pasture grass
in your district? Study the habits of growth, espe-
cially the underground parts. See outline for blue-
grass, page 452. What characteristics make a good
pasture grass? Are timothy and blue-grass peren-
nials or annuals? What annual grasses are grown
in your neighborhood? For what purposes are they
used?

What is the value of timothy hay per ton? What
is the average yield in tons per acre?

Clovers. How many kinds of clover grow in your
district? Examine a red clover plant. How many
stems do you find in the loose rosette? Where do
you find the youngest shoots? What is the advan-
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tage to the plant of growing close to the ground?
Describe the leaves. Look at the leaflets after sun-
set; what change in position do they take? Study
the flowers. Decide whether the clover head is a
single flower or a cluster. How many flowers in one
head? Which open first, those at the lower or upper
portion of the head? TLook closely at one small
flower. What common garden flower does it resem-
ble? Where is the nectar secreted? What insects
are commonly found feeding upon it? Find a with-
ered head and look for the seeds. How many seeds
does each small flower produce? What shape are
the seeds?

Dig up a clover plant. If the soil is very hard
and dry, water it thoroughly the preceding day.
Describe the root. What is the advantage of its
great length and thickness? Which remains green
longer during a summer drought, clover or grasses?
Why? Look carefully on the roots for small round-
ish bodies about the size of pin heads. These are
called tubercles or nodules. On what part of the
root are they most numerous? Count the nodules
on one small roof. What are these nodules and why
are they on the roots?

How many crops of clover are harvested in one
season? Which crop usuvally produces seed? What
is the price of the seed? How valuable is clover
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hay? Ifor what other purpose than to feed stock
is clover grown? When and how is it planted?
Find other clovers and compare with red clover as
to habit of growth and uses. How does white clover
spread? Why is it a better pasture than meadow

grass? What characteristics have all clovers in
ecommon ?

Fig. 15. Harvesting alfalfa.

Sweet clover. Make a study of sweet clover using
the above topics. Which does it resemble more, red
clover or alfalfa? How many of the farmers in your
district raise sweet clover? What is the length of
life of a sweet clover plant?

Alfalfa. Describe an alfalfa plant. How many
main stems has it? Does it grow more or less erect
than red clover? Compare the leaves with those
of clover noting resemblances and differences. How
do the flowers differ from those of clover? In what
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are they similar? What kind of a root has it? Look
for nodules. To what extent is alfalfa raised in your
community? How many crops does it produce in
one season? How does it compare with clover as a
forage crop?

Soy-beans and cow-peas. If these plants are grown
in your distriet, study them noting how they grow
and what kind of leaves, fruit and seeds they have.
Determine whether or mot the roots have nodules.
What use is made of these plants?

Discussion.. Grasses and legumes are important
forage crops providing a large per cent of the food
of domestic animals. They are classified with ref-
erence to methods of feeding into meadow, pasture,
and soiling crops. In pastures animals help them-
selves to the growing plants. Meadows are cut, the
plants air dried or cured, and stored as hay for future
use. Soiling crops are cut green and immediately
fed to the animals.

Blue-grass is the most important pasture grass in
the northern states. I'requently white clover is mixed
with it. In the southern states Bermuda is the chief
pasture grass. The characteristics that make these
desirable pasture plants are: 1. They form a thick
sod that stands trampling and crowds out weeds.
2. They have fine blades that stock like to eat.
3. They are hardy and able to endure extremes of
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cold or drought. The first and third characteristics
are due to their method of spreading by the under-
ground stem or rootstock.

Timothy is the chief meadow grass. Redtop, mea-
dow fescue and orchard grass are used in some reg-
ions where timothy does not thrive well. In many
localities a mixture of red or alsike clover with
timothy is used. Sudan grass, a very tall productive
variety, is coming into use in a number of states.

All of the grasses we have discussed are peren-
nials. Some farmers raise millets, which are annual
grasses, and use them for hay or pasture. Perennial
plants are those which grow year after year. An-
nuals grow for just one year. '

You found that all the grasses have certain char-
acteristics in common: 1. Long, narrow, parallel-
veined leaves. 2. Numerous small fibrous roots.
3. Jointed stems. You found two kinds of flowering
heads represented by timothy and blue-grass. The
timothy head is a spike; blue-grass, a panicle. All
of our small grains, as well as corn, sorghum and
kaffir corn, belong to the Grass family.

Legumes. The clovers, alfalfa, cow-peas and soy-
beans belong to the Legumenosae family, but they are
commonly called legumes. They get the name from
the flat pod in which the seeds are borne, which is
characteristic of most of the family. Such a pod is
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called a legume. Our garden beans and peas are
good types of legumes. You probably discovered
the similarity between the flowers of clovers and
those of peas and beans.

Legumes are excellent forage plants containing
more nutritious foods than grasses. This is espe-
cially true of alfalfa and red clover. Alfalfa is raised
more in the western states; clover in the states east
of the Missouri river. However, the acreage of alfalfa
is increasing year by year. Sweet clover is begin-
ning to find a place as a forage crop. Many farmers
in the Middle West are growing it instead of alfalfa.

Red clover produces two crops each year. The
first is harvested for hay; the second usually for
seed. In the West alfalfa is cut from six to ten times
in one season. In the Mississippi Valley and adja-
cent states it is possible most seasons to secure three
cuttings. Sweet clover also yields three cuttings.
It must be harvested when young before the stems
become woody.

Soy-beans and cow-peas are frequently used as
soiling crops, but in the South they are harvested
for hay. They are annuals. Alfalfa and red and
white clover are perennials; sweet clover is a biennial.

In addition to their value as food for animals,
legumes are important plants to aid in maintaming
soil fertility. They do this in three ways:
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1. They furnish a large amount of decaying roots,
stems, and leaves that enrich the soil.

2. Their long thick roots which penetrate the soil
so deeply aid in making it porous and in giving both
air and water a better opportunity to reach the roots.

3. They supply the soil with nitrogen, an element
that all seed plants must have in order to live and
grow.

You found nodules on the roots of clovers and other
legumes. These are growths caused by small living
organisms called bacteria. (One is a bacterium.)
The bacteria, which are either on the seed or in the
soil, attach themselves to the young clover roots.
The tissues of the roots grow around them forming
the small nodules. In these the bacteria live and mul-
tiply very rapidly. They take free nitrogen from the
air in the soil spaces and change it into a form that
clover can use, for, although there is plenty of free
nitrogen in the air surrounding clover and other
plants, they cannot use it in that form.

All the legumes have the bacteria nodules on their
roots. They are not only supplied with all the nitro-
gen tliey need, but their leaves, stems and roots are
all well stocked with it. If the plants are plowed
under, the nitrogen, which is now in the form of a
compound called a nitrate, goes into the soil and fur-
nishes a supply for other crops that are grown here.
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Nitrogen is frequently lacking in soils that are con-
stantly used for crops, so you can realize how impor-
tant it is to grow legumes in order to keep a suffi-
cient supply of nitrogen in the soil.

4. CorTox

Material. An entire cotton plant, some ripe bolls,
pictures of cotton gins and cotton factories, collec-
tion of cotton produects.

The cotton plant. Study a cotton plant either in
the field where it is growing or have one in the school
room. How high does the plant grow? KExamine.the
root and describe it. How deep in the ground does
it extend? Describe the stem. How close to the
ground does it begin to branch? Count the number
of large branches. Break or cut a stem at the largest
part. What parts can you find in the cross-section?
How does the structure differ from that of the corn
stem?

Describe a leaf. Compare leaves found on differ-
ent parts of the plant. What is the greatest number
of lobes that you find in one leaf? The fewest?
‘What is the most common number? Which have
the greatest number, those on the upper or lower
branches? How are the leaves arranged with ref-
erence to each other, opposite or alternate? Look
on the under side of a leaf for a little hollow spot
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near the base of the midrib. What is in this depres-
sion or pit? How many such pits can you find on
one leaf? Taste the liquid.

The flower. Kxamine a flower. What do you find
at the lower part? How many fringed bracts are
there? Describe them. Pull them back till you can
see the cuplike calyx with five or six notches at the
top. What color is it? How many petals are there?
What different colors do you find? Look at flowers
of different ages to see if you can account for the
different colors. What insects have you seen around
the flowers? What do you find in the center of the
flower? You find a great number of stamens all
grown together to form a large tube. Remove the
stamen tube. In an old flower it will come off easily
leaving the pistil which is in the center of the flower.
Find the large green ovary at the base of the pistil.
Note the slender style and the stigma at the top.
How many division lines has the ovary? Find flow-
ers that are withering, and those from which the
withered parts have dropped. Determine what part
of the flower develops into the fruit or boll. What
other parts of the flower remain attached to the boll?

The seeds. Cut open lengthwise an ovary from
which the dried corolla and stamens have just fallen.
Note position of the rudimentary seeds. Cut open
another that is about an inch long and note the white
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silvery substance growing around the sceds. Cut
open one that is still larger to find that the white
substance is forming into threadlike fibers. Study
a ripe boll. Where does it open? How many sections
has it? Remove the fibers from the seeds. Where are
they attached? How many seeds in one section?
In one boll? Count a number to find variations.
Straighten out the fibers on one seed. How long are
they? Twist some of them together and note their
strength.

Remove the cotton films from around the seeds
and examine the seeds. Take off the hull and study
the kernel. Crush some of the kernels on a piece of
paper. What do you find?

Discussion. From an economic standpoint cotton
is one of the most important crops that we have in
the United States. You found that the plant grows
from three to six feet in height. It has a large tap-
root that sends out a number of branches. These
grow to quite a depth and anchor the plant firmly in
the soil. The stem resembles that of a shrub or tree
with a brownish bark. Inside the bark is a strong
layer of wood and in the middle is the pith. The
stem is unusually strong and woody for an annual.
In fact, in warm climates it is a perennial living on
from year to year just as our shrubs do.

The leaves are arranged alternately and the upper
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leaves have more lobes than the lower omnes. One
of the most interesting things about the leaves is
that they secrete mectar. On the under side of the
midrib not far from the base is an oval shaped
depression or pit. In this the sweet nectar collects.
Sometimes a large drop stands up like a bit of
honey. On some leaves a number of the veins have
these pits, while on others you may not find any.

The flower has at the lower part three fringed
bracts that enclose the bud and later the fruit. When
the flower first opens the petals are a creamy white.
A little later they become a pale pink. The next
day they have changed to a reddish purple. They
then begin to wither slightly and usually fall by the
close of the second day. The plant begins to blossom
early in the summer and continues blossoming all
summer and early fall, so you may find on the plant
at the same time flowers and fruit in all stages of
development.

The ovary develops into the fruit or boll. The
fringed bracts still remain on the bolls. Cotton grow-
ers call these the ‘‘squares.”” There are usually five
sections in the boll, which split open at the top. The
fibers are fastened to the blunt upper end of each
seed. They are long, strong fibers. These charac-
teristics make them very valuable for spinning ani
weaving. After the fibers are removed the seed
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remains covered with a soft coat called linters. The
entside covering of the sced is rather hard. The
kernel is white and contains considerable oil.

History. Cotton has been in use since the begin-
ning of written history, and no one knows how long
before. Its earliest known home is India.. From here
it was introduced into Egypt and other warm coun-
tries of the eastern continent.

Columbus found cotton in the New World in the
West Indies. It was also found in Mexico and South
America by some of the early explorers.

Cotton was introduced into the southern states
early in the history of the colonies. Two distinet
species are raised here, the sea-island and the upland
cotton. The former is raised along the coast of South
Carolina, Georgia, Florida and in the West Indies.
The upland cotton is grown in most of the other
cotton growing states. Cotton may be raised with
profit as far north as 30°. Look on a map to find
what states are included in the cotton region.

Uses. The fibers are removed from the seeds by
a machine called a cotton gin. The seeds rest against
the teeth of a number of revolving saws which pull
the fibers from the seeds. You know from your study
of history how very important the invention of the
cotton gin was. After the cotton is ginned it is
pressed into large bales and shipped to the cotton
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factories where the fibers are spun into threads and
woven into cloth.

The seeds are taken to another machine  which
removes the linters. This product is used in the
making of mattresses, in upholstering furniture and
in making cotton felt cloth.

The hulls are removed from the seeds, crushed
and used for fertilizers or are fed to cattle. The
kernels are pressed in a great pressing machine in
order to obtain the oil that is in them. The oil is used
for cooking purposes and to serve with salads instead
of olive oil. Tt is used in the industries especially
in mixing paint and making soap.

The pressed remains of the kernels is known as
oil-cake. It is used to feed cattle and is usually sold
in the form of cotton-seed meal.

In some places where fuel is scarce the larger parts
of the cotton stems are used for heating purposes.

Culture. Cotton is planted in rows from three to
four feet apart. It is cultivated in much the same
way that corn is. Weeds should be kept down and
a soil muleh produced to conserve the moisture. Cot-
ton growers are giving much attention recently to
the selection of good seeds. Plants that produce bolls
_early and produce them in large numbers are marked
and the seeds from these plants saved for the next
crop. By this simple selection method the crop in






CHAPTER III
WEEDS

Material. A collection of weed-plants, leaves, fruit,
and seeds. Stiff paper for charts or booklets.

Study. For study you may group weeds with
reference to the location in which you find them
growing; as garden, lawn, pasture and meadow, road-
side, vacant lot and field.

Go into your garden, yard or field and count the
number of different kinds of weeds that are grow-
ing there. Write the names of those that you know.
How close together do the plants stand? To what
extent are different species growing together?

Make a special study of each kind. Use the fol-

lowing outline to keep a record of your work:

1. Name:

2. Location: garden, lawn, pasture, roadside, ‘cultivated field,
meadow, etc.

3. Annual, biennial, perennial.

4. Habit of growth: erect, procumbent, creeping, climbing, etc.

5. Characteristics of underground parts: a. roots, thick, fleshy,
long, fibrous. b. underground stem, rootstock, long branching, ete.

6. Leaves: simple, compound, smooth, hairy, large, small.

7. Flowers: kind, simple or composite; dates of flowering, spe-
cial characteristies.

67
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8. Fruit: date of maturing; seeds, large, small, number, special
adaptations for distribution.

9. Methods of control.

10. Native home and interesting faects.

Pigweed, sometimes called careless weed, abundant
in many gardens and fields, is a good one with which
to begin. It is an annual; that is, it starts from the
seed each year, produces seed and then dies. It has
a thick taproot with many branches. The leaves are
simple, large on the lower branches and small on the
upper ones. The flowers are very inconspicuous,
growing in dense, greenish clusters.

The seeds are small and are produced in great num-
bers. You can easily estimate the number of seeds
on one plant by counting the exact number on a small
branch, then count the number of branches of the
same size and calculate the entire number of seeds.
The easiest way to get the seeds is to rub them out
of the chaff onto a sheet of paper. If you have
patience you can remove all the seeds from a large
plant and put them into a jar or bottle. This gives
a very accurate idea of the great number of seeds
that one plant produces, and explains why the weed
is so abundant.

Compare with pigweed other annuals as smart-
weed, foxtail grass, and rag weed, noting character-
istics that are common, and those that are dissimilar.
Find some plants whose stems were cut off a few
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inches above the ground earlier in the season, and
describe what has taken place.

Find in vacant lots, pastures or roadsides, some
types of biennial weeds; that is, weeds that grow
from sced the first year, blossom the second year, bear
fruit and die.

Some of the most familiar biennials are burdock,
field or bull thistles, wild parsnip and wild carrot.
Find plants of the first year’s growth and those of
the second. Compare them noting differences.

In lawns, pastures and in some cultivated fields
you will find weeds whose underground parts con-
tinue to live year after year. Kach year they send
up new stems and leaves, blossom and bear seeds.
These are perennials. Dandelion, plantain, curly
dock, creeping mallow or cheese weed are common
perennials. Make careful observation of their under-
ground parts to determine how they live through the
winter. Note also any special adaptations they may
have to spread by means of roots or underground
stems. Summarize the great number of character-
istics that such a perennial as the dandelion has that
make it a successful lawn plant. ‘

Compare weeds of the same species growing in
different locations, as a dandelion on the lawn with
one growing in tall grass. How do you account for
the difference?
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Begin at once making a collection of the weeds
of your neighborhood. Press a leaf of each species
and when possible a flower. Preserve also fruiting
heads or pods and seeds. Mount your specimens on
cardboard making a weed chart or booklet.

The easicst way to press the plants is to spread
them out on a piece of newspaper, taking care to
smooth out the leaves, then place several layers of
the paper on top. Lay them down flat and put a
weight upon them. After an interval of several days
all moisture will have been absorbed and .the plants
will be ready for mounting. There are two ways to
mount them. You may use small strips of paper,
with mucilage on one side, to form loops over the
stems; or you may sew the specimen fast to the sheet.

Discussion. Most garden weeds and those found
in cultivated fields are annuals. You found that
pigweed, foxtail, smartweed and crab-grass each pro-
duces a large namber of seeds. This is character-
istic of most annuals and is of great importance since
these plants are wholly dependent upon seeds for
reproduction.

An interesting fact about the seeds is that they
do not all germinate and grow at the same time. No
doubt you have weeded your garden during the
growing season and then have gone back within a
week to find another crop of weeds of the same kind.
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If you continue this all summer, the weeds will still
continue to grow to a certain extent. The seeds of
some weeds probably remain a number of years in
the soil before they finally germinate and grow.
Agriculturists have found by experiment that only
one of the two seeds of the cocklebur grows the first
season. The other one may grow the second year
or may wait several years.

Another characteristic that is an advantage to
annuals is that they may start to grow in the middle
of the summer after cultivation has ceased and yet
succeed in maturing their seeds before cold weather.
Some of them, like the pigweed, cocklebur, foxtail
and others, when cut off, send out new branches from
the injured stems, blossom and bear seeds in spite
of the injury.

The dandelion has many. characteristics that make
it a successful plant. It is so hardy that it can blos-
som and produce seeds when the temperature is
quite low. In some places where it is sheltered even
in the North Central States it produces seeds. all
winter. Its large root provides food for rapid growth
in the spring. You probably found in the heart of
the rosette tiny buds that are ready to open. up just
as soon as conditions are favorable. The growing
center of the rosette is below the surface of the soil
so that 2 lawn mower does not injure it in the least.
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In fact, the mower is a friend of the dandelion, since
it cuts away the grass allowing plenty of light to
reach the weed. The milky secretion, which is bitter,
is not liked by most animals, so the plant is not cropped
when it grows in pastures. In addition to all these
characteristics for successful growth, it has a great
number of seeds that may be carried long distances
by the wind.

The dandelion leaves are used for greens and salads
and the root for medicine, so, while we often regard
it as an undesirable weed in the lawn, it also has use-
ful qualities. In some places near large cities it is
grown in gardens to supply the market with greens.

The thistle, burdock, and other biennials grow
from seeds and produce large fleshy roots and a num-
ber of leaves the first year. The second year they
send up a flowering stem and use the great supply of
food they have stored in the roots to produce seeds.

Annuals are usually found in gardens and culti-
vated fields. Since they start from seeds each year
the open plowed ground gives them a chance to get
a foothold. They have little opportunity to start in
lawns, meadows and pastures because the space is
already .occupied, and there is no good place for the
seeds to settle down and germinate.

Perennials are most abundant in pastures, old mead-
ows and roadsides; but ‘even perennials have a hard
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time to gain a foothold in grassy areas. Some of them
get fairly well started but are crowded out by the
grasses. The only perennials that succeed in hold-
ing their places are those that have special adapta-
tions like the dandelion, the Canada thistle, milk-
weed, curlydock and different kinds of daisies. Per-
ennials when once established are the hardest of
all weeds to combat, because they not only produce
seeds for new plants but the old plants continue
to live. Many of them also spread by their under-
ground stems.

There are a few perennials that thrive well in
cultivated soils. Among them are the wild morn-
ing-glories, one with a large white flower, the other
with & pink flower sometimes called wild sweet
potato. Quack grass is perhaps even worse than
the wild morning-glories. All of these spread by
underground stems called rootstocks. A small piece
of stem under right conditions starts a new plant,
so that cultivation often tends to scatter these weeds
instead of destroying them.

Many weeds of all three classes possess special
devices for distributing their seeds that aid them
in getting possession of new fields. You have
observed the feathery pappus fliers of the thistles,
wild lettuce, and dandelion, the burs of cocklebur
and burdock, the tumble weeds that roll along scat-
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tering their seeds as they go, as Russian thistle, and
old witch grass. Some smooth seeds of such plants
as the ragweed, velvetweed, and pigweed are car-
ried long distances, and are blown over the snow
and ice in the winter time. Water helps to dis-
tribute seeds by washing them down slopes, by carry-
ing them in streams and scattering them over the
land during the high waters in the spring.

Why weeds are not desirable. Make a list of all
the reasons you can think of why you do not wish
weeds to grow in your fields and garden.

1. They use up moisture and mineral foods that
you would like to have left for your cultivated crops.

2. As a rule, they are rapid growers and can
easily shade the smaller cultivated plants.

3. Many of them can thrive in crowded condi-
tions better than some of our cultivated crops.

4. In grain fields they increase the cost of har-
vesting by occupying a large space in the sheaves.

5. In threshing, some of the seeds are certain to
become mixed with the grain, thus making it inferior
either for market or seeding purposes. The same
thing may be said of weeds in meadows. Hay with
a large per cent of weeds is not as valuable as pure
hay.

6. Some weeds are detrimental because they are
poisonous to stock.
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7. Some provide a shelter for injurious insects
during the winter.

8. Many weeds are such coarse, unsightly plants
that we do not like to see them around a home or
farm.

Getting rid of weeds. How to get rid of weeds
is a problem that all gardeners and farmers must face.
The more you know about the lives and habits of
these planfs, the better able you will be to exter-
minate them. Annuals have but one way to repro-
duce themselves; if you can prevent their producing
seeds, 1t will not take many years to eradicate them
altogether. Rotation of crops aids greatly in con-
trolling these weeds.

Biennials may be controlled in much the same
way as annuals. If they are dug out the first year
or cut down and burned the second year before the
seeds mature, they are easily destroyed. It does
little good to cut off their tops before they send
up their flowering stems, for they will continue to
grow and send up new stems until they have a
chance to produce flowers and seeds.

Perennials are harder to handle since they are
not dependent upon seeds for reproduction, but con-
tinue to live and spread year after year. Sometimes
a change of crop will help to eradicate them. Pas-
tures and meadows that are badly infested with
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perennials and biennials should be plowed up and
planted to grains. Perennials in small plots may
be dug up root and all and burned. A method
sometimes used is to cover a small plot with -a
thick coating of straw or manure. Sometimes tar
paper is used instead. This covering prevents the
leaves from manufacturing food since they are
entirely shut off from the sﬁnlight. The roots can-
not live long without food so the plants are really
starved to death. This method is too expensive
to use except in small tracts. Another method that
is successful although very expensive is known as
fallowing. Instead of trying to raise a crop of any
kind the farmer plows under the first ecrop of weeds
in th2 spring, then dises the soil every few days
during the growing season so that no leaves have
an opportunity to get above the ground and manu-
facture food. |

You will be interested to know that most of our
worst weeds are not natives of America. They have
been introdaced from other countries, usually with
the seeds of cultivated crops. Some were brought
over by the early colonists. Others have come in
rather recently. Most of them possess character-
istics that enable them not only to gain a foothold
in our soil but to keep possession even in the face
of hard conditions.
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LIST OF COMMON WEEDS

EXPLANATION OF TERMS AND SYMBOLS

The letters (A), (B), (P), tollowing the name indicate whether
the weed is an annual, a biennial, or perennial.

The scientific name is found in parentheses after the common
name of each weed.

Fam. stands for the name of the botanical family to which the
plant belongs. :

Hab. stands for habitat and tells the place in which the weed is
found growing most abundantly.

N. H. gives the native home of the weed or the country from which
it has been introduced.

Char. Under this term the characteristics that make the weed
hard to combat are given.

Control. Some of the best mmethods of combatting each weed are
suggested. ’

Butter print. velvet leaf: (A); (Abutilon, abutilon); Family,
Mallow; Hab., Cultivated fields, gardens; N. H., Asia; Char., Many
seeds scattered by the wind shaking the tall stem. Leaves covered
with soft hairs which enable the plant to stand drought. Control,
Pulling or hoeing before plants blossom. Cutting mature plants,
piling and burning.

Burdock: (B); (Actium, minus); Fam., Thistle; Hab., Vacant
lots, waste places, fence corners; N. H., Europe; Char., Deep thick
roots, lower leaves very large. Fruit a bur. Seeds scattered by
animals; Control, Deep cutting below crown before flowers appear.
Cutting, piling, and burning mature plants.

Buckhorn: (P); (Plantago lanceolata); Fam., Plantain; Hab.,
Fields, meadows, pastures; N. H., Europe and Asia; Char., Thick
rootstock which lives over winter. Flowers and bears seeds from
April to October. Seeds scattered in clover, alfalfa, and other hays;
Control, Plowing under meadows or pastures and cultivating thor-
oughly. Where plants are few, cutting out.

Wild carrot, Queen Anne's lace: (B); (Daucus carota); Fam.,
Parsley; Hab., Roadsides, lawns and meadows; N. H., Europe and
Asia; Char., Long root, numerous seeds distributed by wind, birds
and water; Control, Cutting roots well below crown. Repeated cut-
ting during summer.
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Canada thistle: (P); (Carduus Arvensis); Fam., Thistle; Hab.,
Pastures, waste places; N. H., Europe; Char., Spreads by a run-
ning rootstock from 2 to 3 ft. deep. Seeds scattered by wind. .Con-
trol, Covering with tar paper or other material for an entire season or
two to starve out the rootstocks. Repeated cutting during the grow-
ing season for at least two years.

Chickweed: (A); (Alsine media); Fam., Pink; Hab., Moist
places, edges of gardens, meadows, lawns; N. H., Europe and Asia;
Char., Blossoms all spring and summer. Many seeds; Control,
Rotation of crops. Crowding out by winter crops as rye, or crimson
clover,

Cocklebur: (A); (Xanthium glabratum); Fam., Ragweed; Hab.,
Cultivated fields, especially in moist ground, in cornfields; N. H.,
Europe; Char., Hardy, rapid grower. Sends out new branches when
stem is cut off. Bur widely scattered by animals; Control, Pulling
before burs are formed. Burning mature plants.

Corn-cockle: (A); (Agrostemma Githago); Fam., Pink; Hab,,
Grain fields, especially wheat and rye; N. H., Europe and Asia;
Char., Many small seeds. Blossoms all summer; Control, Hand
pulling, screen grain, seeds, crop rotation.

Crab-grass. finger-grass: (A); (Syntherisima Sanguinalis);
Fam., Grass; Hab., Gardens and cultivated fields; N. H., Europe;
Char., Many small seeds. Takes root at joints; Control, Hand pull-
ing, burn plants, burn stubblefields.

Creeping Mallow, Cheesecweed: (P); (Malva rotundifolia);
Fam., Mallow; Hab., Dooryards, waste places, gardens; N. H., Eu-
rope and Western Asia; Char.,, Very long root. Stands drought;
Control, Thorough cultivation, digging out by root.

Curled dock, yellow: (P); (Rumex Crispus); Fam., Buckwheat;
Hab., Waste places, old pastures; N. H., Europe and Asia; Char.,
Long, thick root. Many seeds. Control, Cutting root several inches
below surface before seeds ripen.

Dandelion: (P); (Taraxacum taraxacum); Fam., Chicory;
Hab., Lawns, pastures, roadsides; N. H., Europe, Asia, and probably
North America; Char.,, Long, thick root. Many seeds, widely dis-
tributed by wind. Blossoms all year. Control, cutting root far
below surface before plant goes to seed.

Field bindweed, small bindweed: (P); (Convolulus arvensis);
Fam., Morning Glory; Hab., Cultivated fields; N. H., Europe and
Asia; Char., Spreading by rootstocks which form buds and start
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new plants; Control, Cutting tip frequently during the entire
summer. Smothering with paper or straw.

Field sorrel, horse sorrel: (P); (Rumex acetosa); Fam., Buck-
wheat; Hab., Pastures, meadows, cultivated fields; N. H., Europe;
Char., Spreading by running rootstocks. Numerous seeds. Con-
trol, Crowding out with clover and grasses. Lime on soil to enable
clover to grow well.

Foxtail, yellow: (A); Pigeon grass; (Ixophorus glaucus);
Fam., Grass; Hab., Garden, cultivated fields; N. H., Europe; Char.,
Many seeds retaining vitality for years. Send out new stems when
cut off. Strong fibrous roots. Control, Mowing and burning stub-
blefields. In garden pulling out by roots when soil is soft after a
rain.

Foxtail, green: (A); (Ixophorus viridis); Fam., Grass; Hab.,
Gardens, cultivated fields; N. H., Europe; Char., Same as above.
Control, Same as yellow foxtail.

Horse mnettle: (P); (Solanum Carolinense); Fam., Potato;
Hab., Cultivated fields, pastures; N. H., United States and Canada;
Char., Numerous seeds. Spreads also by a strong rootstock. Ex-
ceedingly hardy; Control, Cutting off close to ground and salting.

Horscweed, colt’s tail: (A); (Laptilon Canadense); Fam., This-
tle; Hab., Pastures, roadsides, waste places, gardens; N. H,, North
America and South America; Char., Many seeds with pappus dis-
tributed by wind; Control, Cutting and burning. Pulling before
seeds ripen.

Jimson-weed: (A); (Datura Stromonium); Fam., Potato; Hab.,
Waste places, barnyards; N. H.,, Tropical Asia; Char.,, Many seeds,
Hardy; Control, Pulling when young. Cultivation.

Knotgrass, doorwecd: (A); (Polygonum aviculare); Fam,
Buckwheat; Hab., Yards, roadsides, along walks; N. H., North
America, Europe, and Asia; Char., Spreading close to ground, not
easily injured by trampling; Control, Pulling or cutting before seeds
ripen.

Lam®’s quarters, goosefoot: (A); (Chenopodium Album);
Fam., Goosefoot; Hab., Gardens, cultivated fields; N. H., Europe
and Asia; Char., Many seeds, produces new stems when cut off;
Control, Pulling or hoeing before seeds ripen. Thorough cultivation.

Lamb’s quarters, city goosefoot: (A); {(Chenepodium urbicum);
Fam., Goosefoot; Hab., Gardens, along walks, waste places; N. H,,
Europe; Char., Same as last and control the same.
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Lettuce, wild, prickly lettuce: (A); (Lactuca Scariola); Fan.,
Chicory; Hab., Waste places, gardens, old fields; N. H., Europe;
Char., Many seeds with pappus, scattered by the wind. Prickles
protect it from animals. Plants that start late in summer live over
winter; Control, Early cultivation or hoeing in spring to kill winter
plants. Cutting and burning before seeding.

Morning-glory, wild, hedge bindweed: (P); (Convolvulus sep-
ium); Fam., Morning-glory; Hab., Cultivated fields, fence rows;
N. H., North America, Europe and Asia; Char., Spreads by seeds
and running rootstocks; Control, Cultivating every ten days or two
weeks all summer, in small plots, smothering by tar paper.

Milkweed: (P); (Asclepias syriaca); Fam., Milkweed; Hab.,
Cultivated fields, meadows, pastures; N. H., All parts of United
States; Char., Seeds with pappus widely scattered by wind. Spreads
also by deep running rootstock; Control; Repeated cutting during
the entire summer, continued for two years.

Mullein: (B); (Verbascum thapsus); Fam., Figwort; Hab.,
Pastures, roadsides; N. H., Europe; Char.,, Many small seeds which
retain vitality for years. Rosette of thick leaves close to ground,
well protected; Control, Cutting off rosette below crown in fall or
early spring.

Mustard, wild, charlock: (A); (Brassica arvensis); Fam., Mus-
tard; Hab., Grain fields, especially oats, meadows; N. H., Europe;
Char., Many seeds which mix with grain when threshed; Control,
Burning stubble or harrowing to start seeds. Plowing under in
fall. Pasture with sheep.

0ld witch grass, tickle grass: (A); (Panicum capillare); Fam.,
Grass; Hab., Gardens, cultivated fields, stubblefield; N. H., South-
ern Canada and all of United States; Char., Many seeds, rapid
grower. Plant breaks off in the fall near the ground; Control,
mowing and burning.

Parsnip, wild: (B); (Pastinaca sativa); Fam., Parsley; Hab.,
Waste places, roadsides; Char., Strong root, hardy plant, many
seeds; Control, Cutting out below crown first-year plants. Mowing
and burning second year.

Plantain: (P); (Plantago major); Fam., Plantain; Hab., Lawns,
roadsides, pastures; N. H., Europe; Char., Many seeds, rosette of
leaves close to ground, stands trampling; Control, In yard, cutting
below surface. In pastures, crowding out with clover.

Peppergrass, tongue-grass: (A); (Lepidium Virginicum); Fam.,
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Mustard; Hab., Dooryards, waste places, gardens, meadows; N. H.,
Canada and United States; Char., Many seeds, plants start in the
fall and live over winter; Control, Pull up by roots in lawns. Thor-
ough cultivation in fields.

Pigweed, careless weed: (A); (Amaranthus retroflexus); Fam.,
Goosefoot; Hab., Gardens, cultivated fields; N. H., Tropical America;
Char., Numerous small seeds. Send out new stems that produce seed
when cut off near the ground. Very hardy; Control, Pulling before
seeds ripen. Burning in fall all the plants that have gone to seed.

Pigweed, red-stemmed: (A); (Amaranthus hybridus); Fam.,
Goosefoot; Hab., Garden, fields; N. H., Tropical America; Char.,
Same as above. Control, Same.

Purslane, pussley: (A); (Portulaca oleraceus); Fam. Pur-
slane; Hab., Gardens, cultivated fields; N. H., Southern United
States, and Tropical America; Char.,, Blossoms and bears seed all
summer. Seeds many, plant very juicy. Can stand drought; Con-
trol, Pulling out when young, drying and burning, or feeding to hogs.

Pungent meadow-grass: (A); (Eragrostis major); Fam., Grass;
Hab., Gardens, waste places; N. H., Europe; Char., Many seeds,
strong roots; Control, Hoe or plow out before seeding.

Quack-grass, couch-grass: (P); (Agropyron repens); Fam.,
Grass; Hab., Grain fields, lawns, gardens; N. H., Europe; Char.,
Strong rootstock that spreads rapidly. Clings so firmly in soil that
it cannot be pulled up; Control, Plow in fall, harrow or rake, pile
and burn plants. Two plowings may be necessary.

Ragweed, common: (Ambrosia artemisiaefolia); Fam., Rag-
weed; Hab., Stubblefield, cornfield, pastures, gardens; N. H., North
America, South America; Char.,, Many seeds. Can grow and ma-
ture seeds late in summer. Can stand dry weather; Control, Work-
ing and burning stubble. Early fall plowing.

Ragweed, horsewood: (A); (Ambrosia trifida); Fam., Ragweed;
Hab., Roadsides, along streams, fence corners; N. H., United States
and Canada; Char., Many seeds carried by birds, not a very bad
weed; Control; Pulling before seeding. Burning stubble. Pasturing
with sheep.

Shepherd’'s purse: (A); (Bursa bursa pastoris); Fam., Mus-
tard; Hab., Waste places, gardens, lawns; N. H., Europe; Char,,
Plants that start late in the summer live over winter and produce
seeds early. Flowers all summer; Control, Hand pulling from lawns.
Fall plowing in gardens and fields.
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Sow-thistle: (A); (Sonchus oleraceus); Fam., Chicory; Hab.,
Waste places, roadsides, fence corners; N, H., Europe, Asia; Char.,
Many seeds with pappus, distributed by the wind; Control, Cuttmg
while young, burning mature plants.

Spanish needle, bur marigold: (A); (Bidens connata); Fam.,
Thistle; Hab., Low regions in fields and pastures; N. H., United
States and Canada; Char., Seeds with bristles that stick to animals

. and clothing; Control, Thorough cultivation, cutting before seeds
ripen.

Smartweed, spotted smartweed: (A); (Polygonium persicaria);
Fam., Buckwheat; Hab., Gardens, cultivated fields, especially low
regions; N. H., Europe; Char., Seeds many, distributed in grain;
Control, Cutting before seeds ripen, burning stubble, pulling or
hoeing in gardens.

Spurge, spotted: (A); (Euphorbia maculata); Fam., Spurge;
Hab., Gardens, cultivated fields, roadsides; N. H., North America;
Char., Many seeds. Grows prostrate forming a mat on the ground.
Control, Hoeing or pulling, through cultivation.

Spurge, wupright, spotted spurge: (A); (Euphorbia nutens);
Fam., Spurge; Hab., Gardens, cultivated fields, roadsides; N. H.,
North America; Char., Many seeds. Same as above but stands erect
instead of spreading on ground; Control, Hoeing or pulling;
thorough cultivation. g

Spreading orache: (A); (Atriplex patula); Fam., Goosefoot;
Hab., Roadsides, along walks, waste places; N. H., Europe and Asia;
Char., Many seeds, rapid grower, many branches; Control, Pulling
or hoeing before flowers appear.

Squirrel-grass, 1wild barley: (P); (Hordeum jubatum); Fam.,
Grass; Hab., Roadsides, fence corners, meadows; N. H., Canada and
Northern United States; Char., Long beards, seeds scattered by
wind and water; Control, Pulling, cutting or hoeing before seeds
ripen,

Tumbleweed: (A); (Amaranthus graecizans); Fam., Amaranth;
Hab., Grain fields, old fields, roadsides; N. H., Tropical America;
Char., Many branches forming a round head which breaks off close
to the ground, rolls over and over scattering the many small seeds;
Control, Burning the mature weeds in the fall. Pulling or hoeing
before seeding.

Thistle, pasture or bull thistle: (B); (Carduus lanceolatus);
Fam., Thistle; Hab., Pastures, roadsides; N. H., Europe and Asia;



WEEDS . 83

Char., Deep root, many sharp spines, seeds scattered by wind; Con-
trol, Cutting off root well below the crown.

Vervain blue, wild hysop: (P); (Verbena Castata); Fam., Ver-
vain; Hab., Pastures, meadows, waste places; N. H., Southern Can-
ada and United States; Char., Hardy, stands drought, not a very
bad weed; Control, Cultivation and mowing.

White top, daisy fleabane: (A); (Erigeron annuus); Fam.,
Thistle; Hab., Meadows, pastures, oat fields; N. H., Europe; Hab.,
Plants started in the fall live over winter and blossom early, Many
seeds; Control, If very abundant in meadows plow under and plant
corn. Pull out by roots.

Wild buckwheat, black bindweed: (A); (Polygonum convolvu-
lus) ; Fam., Buckwheat; Hab., Cornfield, grain, fence rows, gardens;
N. H., Asia. Brought here from Europe; Char.,, Climb or twine
around corn and wheat. Many seeds; Control, Early fall plowing
and harrowing. Pulling or mowing and burning before seeds ripen.

Wild sweet potato: (P) (Ipomea pandurata); Fam., Morning-
glory; Hab., Cultivated fields, meadows; N. H., Canada and United
States; Char., Thick, fleshy roots that send up new plants. Many
seeds; Control, Deep cutting, salting, mowing and burning tops
several times during the season.

Yarrow, milfoil: (P); (Achillea millefolium); Fam., Thistle;
Hab., Pastures, roadsides, lawns; N. H., United States, Europe, and
Asia; Char.,, Spreads by horizontal rootstocks, very hardy; Con-
trol, Pulling, cutting and burning.



CHAPTER 1V
TREE STUDIES

Material. Trees of the neighborhood, leaves, twigs,
fruit and seeds for indoor stndy and for charts and
booklets. .
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Fig. 16. The parts of a tree.

Study. How many trees in your neighborhoqd do

vou know? If you do not know most of them set
84
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about learning them. Do not be satisfied simply
to distinguish an oak from a maple or a pine from
a fir, but learn the exact species of every tree in
your community.

Select a special tree for study. Stand a short dis-
tance from it and name all the parts you can see.
If you do not know the names, consult Fig. 16.

‘What is the shape of the crown? Is the top
rounded, flat or pointed? Is it dense or open? What

Fig. 17. Tree forms: spherical and broadly conical.

is the character of the branching? Does the trunk
break up into a number of branches or extend un-
broken to the top? Note the twigs and determine
whether they are thick and erect, slender and droop-
ing, few or many. Examine the bole; what is its
color? Compare with the branches and twigs.
Describe the bark. Is it smooth, furrowed or scaly?
Are the furrows or fissures deen or shallow? Do
they extend up and down or around the trunk?
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How do the ridges compare with the furrows as to
width? Look at two or three different species of
trees until you are certain that each has its own
bark pattern. Look also for differences in shape
and branching. Stand at some distance from the
trees and make an outline sketch of the different
type forms. Consult Figs. 17 and 18. Compare the
forms of trees standing close together with those of
the same species standing alone. To what extent are

i &—

Fig. 18. 'Tree forms: inverted cone, columnar, and conical.

the roots visible above the ground? Compare dif-
ferent trees with reference to this characteristie.
Leaves. Stand under a trees and look up. Where
are the leaves most numerous? To what extent do
they overlap? Are they simple or compound? Com-
pare the upper and under sides. What are the
parts of one leaf? See Fig. 19. What form does
the petiole take where it is attached to the twig?
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How are the leaves arranged on the stem with ref-
erence to each other? What relation can you see
between the petiole and the large veins? Hold the
leaf between you and the light to see how numerous
the small veins are. Study the leaves on one twig
and note differences as to
size, shape, and length of
petiole. Can you see any
advantage to the leaves in
the different sizes of the
blades and the different
lengths of petioles? If you
have a twig indoors lay it
down upon your desk allow-
ing the leaves to assume a
natural position. How does
this help you to solve the
problem?
Compare leaves of dif-
Fig. 19. Parts of a leaf: a,

ferent species of the same  Petiole; b, Blade; ¢, Midrib;
d, Veins; e, Margin.

family, as those of different
maples, oaks or elms, and determine what character-
istics are similar and what are different. Make a
collection of all the différent types of leaves you can
find.

Watch the trees frequently for a number of weeks
to find out what they do to get ready for the winter
season of inaction. What different colors do you
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find? What color is most prominent? What treés
have the most brilliant reds? Which ones are chiefly
yellow? Which dull purple or brown? When the

Fig. 20. Parts of a
twig: a, Ring secar; b,
Leaf scars; c, Len-
ticles; d, Leaf bud; e,
Flower bud.

leaves have fallen, examine the
spots on the twigs from which
they dropped and try to decide
what caused them to drop off.

Twigs. Look carefully at a
twig and make a list of every-
thing that you see. This study is
best made after the leaves have
fallen. See Fig. 20. How can you
tell exactly where the leaves were
located? Desecribe a leaf scar.
Compare the scars on the older
parts of the twigs or branch with
those of this year.

Classify the buds as to position
on the twigs and their relation to
each other. How do they differ
as to shape and size? What will.
each kind of bud produce? If you
do not know, wait until spring to
solve the problem. KExamine a
bud very closely and describe
what you see. What is on the out-
side? The inside? What is the
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value of the scales, the downy covering, or sticky
secretion?

How can you tell what part of the twig grew this
vear? What makes this ring scar? How many
years’ growth does your twig represent?

Compare the twigs of a number of different trees
with reference to the length of growth in one season,
the arrangement of buds, and the shape of leaf scars.’

Fruit and seed. Make a list of all the trees you
can find that retain their fruit or seeds during the
fall or after the leaves have fallen. Describe the
different kinds of fruit. How many of them have
special adaptations for dissemination? Open up the
fruit in each case and find the seeds.

Make a list of everything you have discovered
that deciduous trees do to get ready for the winter
rest and for renewal of growth in the spring.

You will find the following outline helpful in keep-
ing a record of your tree studies. Do not think that
every item must be put in with your first observa-
tion. You may have to wait months to complete
the record.

OUTLINE FOR TREE STUDY

1. Name:

2. Shape:—conical, broad conical, narrow conical, spherical, col-
umnar, inverted cone. |

3. Method of branching:—(a) excurrent. (Main stem may be
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traced from ground to top of tree); (b) deliquescent. (Main stem
breaks up into branches.)

4, Twigs:—erect, drooping, slender, thick, graceful, stiff, etc.

5. Trunk or bole:—color; surface, smooth, rough, scaly, furrow
or fissures, deep or shallow, ridges wide or narrow.

6. Leaves:—arrangement, opposite or alternate; simple or com-
pound;. if compound, number of leaflets; oddly pinnate, evenly pin-
nate; special characteristics; shape, color, roughness, smoothness,
ete.

7. Flowers:—date of flowering, kind: (a) perfect, both stamens
and pistil in one flower; (b) staminate, a flower with stamens and
no pistil; (c¢) pistillate, one with pistil and no stamens.

8. Fruit:—date of maturing, kind. Seeds.—kind.

9. Buds:—arrangement, opposite or alternate, shape, color,
scales.

10. Remarks:—value of tree for ornamental purposes. Other
uses, ete.

Charts and booklets. Make a set of tree charts,
or booklets. KEach individual tree species repre-
sented on a chart or page should contain a leaf, the
fruit, seeds, and a twig in winter condition, a small
bit of bark and when possible a section of wood.
Cardboard or any stiff paper should be used, and
the specimens sewed on rather than pasted. In
regions where there are few trees, leaf charts may
be made. Group charts or pages to show family
relationship; that is, put together all the oaks,
maples, pines, ete.

Discussion. We may group our trees into broad-
leaf and narrow-leaf trees. The narrow leaves are
usually called needles. In the northern and central
states all broad-leaf trees are deciduous; that is, they
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drop all of their leaves each year. Almost all of the
needle-leaf trees are evergreen. A few, however,
the larch and cypress, drop their leaves in the fall.
Some of the broad-leaf trees in the South retain their
leaves during the winter.

The shape of a tree depends largely upon the
method of branching and the number and character
of the twigs. A tree whose trunk breaks up into

—

N

&

Sugar or Rock Maple Norway Maple
Fig. 21. Sugar or Rock Maple and Norway Maple.

a number of branches has deliquescent branching;
one whose trunk extends up through the crown has
excurrent branching.

Some trees, as the maple, elm, and oak, have simple
leaves. KEach blade is in one piece, although the
margin may be notched or lobed. Others like the
walnut, hickory and ash, have compound leaves;
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that is, the blade is divided into a number of small
leaves called leaflets. If the leaf has an odd number
of leaflets it is said to be oddly pinnate; if it has
an even number it is evenly pinnate.

As autumn advances you notice that the leaves
change color. This change comes because the leaves
are ceasing to work. Their chief work is to manu-
facture starch and other
foods. As this work
slowly stops the green
coloring matter changes
to yellow. The bright
reds and the dull
purples are produced
by certain chemical
changes that take place
& in the tissues of the
Aﬁ : dying leaf. Autumn
_ Tig. 22. A compound leaf show- coloration then simply
ing seven leaflets.

, tells you that the trees
have shut down their starch factories and are getﬁng
ready for the season of rest. You sometimes hear
people say that frost is the cause of autumn colora-
tion and the dropping of the leaves. You can
readily see from what you have learned that this
cannot be strictly true. The fact is that some
years the leaves are a brilliant color before we

¢
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have any frost. HKarly cold weather accompanied
by frost probably causes the leaves to stop their
work earlier in the scason, and that is all that frost
has to do with it. Sometimes a heavy freeze comes
while the leaves on some trees are still active and
full of moisture. In that case they are simply killed,
which is shown by their withering.

The dropping of leaves comes, too, with the cessa-
tion of work. As you looked at a twig from which
the leaves had fallen, you found that no wound was
left, but that a layer of skin or thin bark had grown
upon the twig under the petiole. This layer severs
the petiole from the twig. The leaf may cling for
a time by the fibres, but a slight breeze, the weight
of raindrops, or even its own weight finally takes it
off. The fibers of some trees, as certain oaks, are so
firmly attached that the dry, dead leaves remain on
the twigs all winter.

In some ways the buds are the most important
things that are found on the twigs. Do you know
how early each season they make their appearance?
You will find this an interesting problem to solve
by observation next spring and summer.

The scales, downy coverings, and sticky secretions
protect the buds from mechanical injuries, but their
most important use is to prevent the evaporation of
water. During the winter very little moisture is
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taken into the tree through the roots. If the small
leaves and flowers in the buds were not protected
in some way, they would dry out and die.

If yon watch the buds open in the spring, you will
find that usually the large ones on the twigs pro-
duce flowers, while the smaller ones produce a twig
with leaves. On some trees the leaf and flower buds
are combined. The lateral buds produce new twigs
and afterwards become the branches. The terminal
buds lengthen the branches. When the buds open
the scales drop leaving the ring scars. These scars
not only tell you where the buds were but also that
the scales are arranged in a series one above the
other.

The dots called len’ti-cels are tiny openings in the
bark, which when the twig is young allow the entrance
of air and probably the exit of waste products and
water. '

Winter study. Do not stop the observation of
trees during the winter. This is one cf the best
seasons to learn the typical forms, the branching,
color, and especially the twig and bud characteristics.
If you have never looked closely at trees during this
season, you will be surprised to find how individual,
how interesting, and how beautiful they are.



WINTER STUDIES
CHAPTER V

SOILS

Material. Soil from gardens, fields and execava-
tions; a collection of pebbles, gravel, satd, silt and
clay; apparatus described in connection with experi-
ments.

Examine carefully a small quantity of soil that has
been taken from a cultivated field or a garden. Write
out a list of everything that you find.

Experiment. Place some of the soil in a large iron
spoon and hold it over the flame of an aleohol lamp
or gas burner. Heat it, stirring occasionally. What
happens? Set it away to cool and then examine it
again. What changes have taken place? Is the color
lighter or darker? What part burned up? What is
the material that is left? Before you try to answer
fully the last question examine a small portion of
sand, silt and clay. Look at each with a hand lens.
‘Which has the finest particles? What do you find in
the sand that is not present in the silt or elay? Take
a pinch of each between your thumb and finger and

rub them. How does the sand feel? The silt? The
95
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clay? Silt is often spoken of as clay. The yellow
clay of the Middle West is silt.

Heat a small portion of clay and of silt just as you
did the garden soil. Describe what takes place. After
they have cooled compare each with the burned gar-
den soil. Which one resembles it most? Can you
decide now what you got from burning the garden
soil?

Explanation. You no doubt found small bits of
roots and other parts of half-decayed plants in your
sample of soil. When you heated it the plant parti-
cles burned up and you had left what may be called
the foundation soil. What this foundation soil is
depends wholly upon the region from which it was
taken. It may be almost pure sand, pure silt, or some
kind of clay. The probabilities are that it is a- mix-
ture of sand and silt or sand and clay. In any case
the soil mixture including the part that burned is
called loam. If it has a large per cent of sand it is
sandy loam; if there is much more silt than sand it
is silt loan; and if clay is the most prominent part it
is clay loam.

The part that burned, the organic matter, is called
humus. Leaf mold in the woods, the soft decaying
material under layers of pine needles, the remains of
an old straw stack, or well rotted stable manure, are
all types of humus. '
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You can find out by experiment something more
about the different kinds of soil.

Experiment. Pour the same amount of water into
each of three tumblers. Stir into one a tablespoonful
of sand, into another clay, and into the third silt.
Which settles to the bottom first? Keep a record of
the time that it takes for the water to become clear
in each glass. What does this tell you about the size
of the particles of each kind of so0il? Which will
remain suspended longer in the water, coarse or fine
particles?

Experiment. Put a spoonful of your garden loam
into a glass of water and stir as before. How does it
behave? After it has all settled, look through the
glass to determine whether or not the soil shows:
any layers of coarse and fine material.

Explanation. These experiments show that differ-
ent soils differ greatly with reference to the size of
the particles. You probably found that the sand
settled to the bottom before the silt or clay. This
is because the particles are larger and heavier. Dif-
ferent sands vary; some are coarse, some fine. Silt
is much finer than sand, but not as fine as clay. Dif-
ferent silts and clays vary just as sands do. Some
are very fine, others are coarse.

If your garden loam is a mixture of sand and clay
or silt, you probably found that it had settled in
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layers, the sand in the bottom and the clay or silt on
top. You probably found, too, that some of the
humus remained floating in the water long after all
the rest had settled.

Origin of soil. What is the origin of soil? Per-
haps you have already found out something about
this from your geography; if not, you can think out
part of the answer for yourself.

Collect from the bed of a stream, the shore of a
lake or wherever you can find them, a number of
pebbles.

Examine the pebbles you have brought in. Place
into groups those that seem to be of the same kind
of rock. How many different groups have you? Do
vou find any that seem to be made of more than one
kind of rock? With a nail or other sharp instrument
scratch the different kinds. What do you determine
as to their relative hardness?

Compare your pebbles as to shape. Is there any
way to account for the fact that some are round
while others are flat?

Formation of pebbles. With a hammer break some
of the larger stones into small pieces. How do the
pieces differ from the pebbles?

Experiment. Can you think what has made the
pebbles so smooth? Fill a pint milk bottle about one-
third full of the broken bits of rock. Now pour in
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water until the rock fragments are covered. Place a
cover on the bottle or hold your hand over the top
and shake vigorously. As the pieces of rock strike
against each other what happens? Continue shaking
them, off and on, for days. When you allow the bot-
tle to stand until the water is clear what do you find
in the bottom?

Explain why you find so many pebbles along
streams, and on the shores of lakes and rivers. If
you should follow a stream to its source in hills or
mountains, would you find as many small, smooth
pebbles and stones there? Why?

Experiment. Other agents that help to break up
rocks. Break up a piece of limestone or marble. Put
the pieces into a bottle. Into a half pint of water
put a tablespoonful of hydrocholoric acid and pour
over the pieces of stone. Shake thoroughly. Describe
what happens.

Discussion. From your observation and study you
have probably come to the conclusion that pebbles,
gravel, sand, silt and clay are all forms of broken and
ground up rock. Indeed, if you go back far enough
in the history of the earth you must think of a time
ages and ages ago when there was no soil on the earth,
nothing but solid rock, wrinkled and jagged with here
and there huge broken pieces. Little by little various
agents ground up the solid rock into finer and finer
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particles. Onme of the chief agents that helped to do
this was changes of temperature. When rocks are
heated by the sun they expand. When cooled they
contract. If the contraction takes place suddenly,
the rocks are likely to crack open.

Freezing is another important soil-making agent.
Water from rains or melting snow gets into cracks and
crevices of rocks and when it freezes it expands and
breaks the rocks. In the same way our soil in fields
and gardens is made finer during the winter by thaw-
ing and freezing. We have already found by experi-
ment that the rubbing together of stones through the
action of water is an important soil-making ageney.

If you were to visit a stream whose source is in
mountainous régions, you would find near the source
large pieces of rocks that have been broken from the
hillsides and bluffs and have fallen into the stream.
These pieces are the beginnings of pebbles. They
are broken into smaller and smaller pieces by tumb-
ling over each other, by the action of frost, and by
rubbing together as they move farther down the
stream. After a long, long time the rough edges are
worn off and mnothing is left but smooth stones or
pebbles. The worn off particles settle to the bottom
and form the sand or mud in the bed of the stream.

The pebbles found on the shores of lakes and seas
are made by the dashing of the waves back and forth
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on the beach. The pieces of rock roll against each
other and the edges are worn off. Pebbles found
along shores are usually round, while those in streams
are flat.

The work of glaciers, the great ice sheets that
moved slowly over a great part of our country
thousands of years ago, accounts for much of our
fine silt and clay. The great boulders and pebbles
that we find scattered here and there over the prairies
are also due to glaciers. If you look closely you
may find scratches on some of these stones. As the
glaciers moved slowly over the land they picked up
pieces of broken rock and pebbles and carried them
along. Some of them passed over other rocks and
pebbles and left deep scars on them.

Your experiment with the acid and limestone shows
how rocks may be dissolved by chemicals earried in
solution in water. Plants themselves aid in making
soil. Certain plants that are called lichens will grow
upon solid rock. As they grow they give out an acid
that eats into the rock slowly softening it and chang-
ing it into fine soil.

Broken up rocks alone do not make soil. You found
in the soil of the garden and fields partially decayed
vegetation or humus. Humus is an essential part of
soil and is necessary to plant life. It is produced by
parts of plants slowly decaying in the soil where little






CHAPTER VI

WATER IN SOIL

Material. Samples of the different kinds of soil
studied in the last chapter; five straight lamp chim-
neys; a rack or jars to hold them; tumblers.

Source of water in the soil. Water in the soil is
quite as necessary for plant growth as minerals from
the rock particles and the humus. Rain is the source
of all soil water; if you watch the rain during a
shower you will observe that some of it runs off the
ground, some stands in puddles, and some sinks into
the earth.

Ground water. All the water that goes into the earth
is called ground water. '

Experiment. To determine what becomes of the
ground water. Place a layer of pebbles in the bottom
of a tumbler, cover with a piece of cloth and on top
of this place dry garden soil until it stands within
an inch of the top. Firm the soil by striking the
glass on the table. Pour some water on the soil a
little at a time and watch to see what it does. Con-
tinue to pour until water stands in the spaces among

the pebbles in the bottom of the glass.
: 103



104 STUDIES IN SCIENCE

Explanation. When rain falls upon the ground it
does just what the water in the glass did. It perco-
lates slowly downward through the soil till it is
stopped by solid rock or by a layer of clay or by soil
already full of water. Now if rain continues the
water will fill all the spaces among the tiny particles
of soil until it finally stands on the surface of the
ground, for, while you cannot see them, soil is made
up of fine particles. Water that is found in the
spaces among the particles of soil is called free water.
Plants do not use free water.

The level at which free water stands in the soil is
called the ground water level or the water-table.
Perhaps you noticed when you poured water upon
the dry soil in your experiment that bubbles of air
came out as the water went in. When the spaces are
not filled with water they are full of air.

Capillary water. Examine some soil that is slightly
moist. This does not contain free water.

Experiment. Where is the water in this moist soil?
Tie a piece of thin cloth loosely over a tumbler; place
two or three small, smooth pebbles close together
on the top of the cloth. Pour some water over the
pebbles and let it drain down into the tumbler. Now
examine the pebbles.  Describe what took place.
Where is the water in relation to the pebbles?

Explanation. The water that remains clinging to
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the pebbles is called film water because it forms a film
around the pebbles. In the same way moist earth has
a film of water around each tiny particle of soil.
This is known as capillary water. It is this water
that plants use. The free water must be drained off
to give the roots a chance to get the capillary water.

Experiment. Drainage. Tie a piece of cloth firmly
over the tops of each of five lamp chimmeys. Put
sand into one, clay or silt in another, and loam in
another. In the fourth put a mixture of half sand
and half humus, either well rotted manure or leaf
mold. Into the last put a mixture of half clay and
Lalf hamus. Arrange a rack for the chimneys or
stand each one in a jar. Measure a definite amount
of water and pour it slowly into the sand. Note the
number of minutes required for the water to pass
through and drip into a dish or the jar. Keep a
record of the amount of water you pour in. Do the
same with all the other chimneys. Measure the
amount of free water that drips from each. Through
which soil does the water drain most readily? Which
one takes longest for the water toipass through?
Which soil retains the greater amount of water?
What is the effect of putting humus into sand? Of
putting it into clay?

Explanation. Your experiment shows that water
passes rapidly through sand but slowly through silt
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or clay. Humus in sand makes it retain more water
and drain less rapidly, while humus in clay has the
opposite effect. Humus then improves both of these
soils.

‘What method is used in your neighborhood to drain
the soil? If you live in the country find out how
your farm is drained. You may find an open ditch
or an underdrain.

Drainage is of advantage for several reasons:
1. The ground water level is lowered so that the
roots of plants go deeper into the ground. A deep
root system is of value to plants during the dry
season. 2. It gives an opportunity for air to reach
and fill the spaces near the surface, and plants need
air as well as water. 3. A well drained soil warms
earlier in the spring. Do you know why? A soil
full of water uses up heat in evaporating the moisture.

Underdrainage, where it can be practiced, is more
satisfactory than the open ditch. It does not waste
land since the soil over the tile may be cultivated.
It drains to a greater depth and thus makes it pos-
sible for the plants to produce a deeper root system.
See Fig. 23.

The value of drainage is not generally understood.
Where the land is not at all level, or where the soil
to a considerable depth is composed of sand or gravel,
drainage is not likely to be important, because the
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excess water runs away over the surface or settles to
a depth below the level of ordinary plant roots.

On the other hand, where the land is very low, or
very level over a considerable area, the soil is likely
to be saturated with water to a level somewhere near
the surface. For example, if one digs a hole he usunally
has not to go down very far before he finds that the
water flows in and stands at a certain level in the

Fig. 23. Showing one important effect of drainage.

hole. This shows the level at which the soil at that
particular place is saturated with water.

In undrained land this water level varies in distance
below the surface of the soil according to whether the
season is dry or there is much rainfall. During the
wet season it is likely to be very near the surface,
perhaps not more than six, eight, or twelve inches.
See line a in Fig. 23. Plant roots do not thrive below
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this water level, because they cannot get air. More-
over, when the soil is thus saturated for a considerable
length of time it is cold and is likely to become sour.
Plants growing on soil of this kind do not thrive.
They commonly look weak and the leaves turn yellow.
Then if there is a period of drought the water level
may be considerably lowered in a short time. See line
b in the diagram. In such a case the plant roots are
not only left away above the water line, but the soil
is likely to bake and harden.

The other part of the diagram indicates that where
the soil is drained the water level is likely to be main-
tained at nearly all times at the level of the drain.
See line ¢. Under these conditions the plant roots
extend themselves far enough down in the soil to get
all the moisture they need. In addition to this the
soil above the water level in drained land never bakes
or hardens; that is, it is always open and porous. The
plant roots grow more freely in it and the moisture is
drawn upward above the water ievel by the capillary
action in the soil quite uniformly at all times.

Irrigation. You may live in a region where irriga-
tion is necessary. All through the western states
there are large tracts where the annual rainfall is not
sufficient for the growth of plants. Here water is
brought from mountain streams or lakes through
tunnels or aqueducts. Usually small ditches several






CHAPTER VII

SOIL WATER AND PLANTS

Material. Seceds of oats, corn, radishes or other
plants; plates or boxes, a growing plant in a pot.

Experiment. Root-hairs. You know that plants
cannot live without water and you will be interested
in learning how they get water from the soil. Place
some seeds of radishes, oats, wheat, or corn on a plate
of moist sand or soil. Press them slightly into the
soil but do not cover. Turn a plate over them to keep
the moisture in. Wateh them from day to day.. Do
not allow the soil to dry. Describe the roots and
root-hairs. On what part of the roots are the hairs
most numerous? On what part are there no hairs?
Place one of the plants on a piece of paper on your
desk for a short time. What happens to the hairs?
Watch the plants for several days to see whether any
of the hairs wither and die and whether new ones
continue to appear. (Refer to Fig. 8, page 33.)

Explanation. You found the delicate hairs grow-
ing all around the young roots. If these roots were
covered with soil, the root-hairs would penetrate the

spaces between the soil particles and come in close
110



SOIL WATER AND PLANTS 111

contact with the films of water. The film or capil-
lary water passes through the thin walls of the root-
hairs. You may think this a slow process and it is,
but when you consider the thousands of root-hairs
on all the small roots of the growing plants you realize
that together they can take in a vast quantity of
water. The process by which the water passes
through the thin membranes of the root-hair is called
osmosis. The same process takes place in your own
body when digested food is absorbed by tiny capil-
laries which surround the digestive tract, and is car-
ried into the blood to be distributed to all parts of
the body.

The water that plants take into their roots is not
pure water but has in it certain minerals that the
plants use in their growth.

Experiment. To distinguish soluble and insoluble
substances.

1. Into a half glass of warm water slowly stir some
fine salt. Continue to put in salt until it begins to
settle to the bottom of the glass. What became of
the salt that disappeared? Drain off the clear water,
put it into a pan and place it on a stove or over
an alcohol lamp till it is all evaporated. What is left
in the pan? How is salt commonly obtained? Make
the same experiment with sugar and saltpetre.

2. Into a half cup of water stir some chalk dust,
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lime, or sulphur. Do any of these act as the salt and
sugar did? How do you account for the difference?

Explanation. The salt disappeared because it was
dissolved by the water and changed into a liquid.
The chalk or sulphur will not dissolve in water so
it remains in the solid form. A substance that dis-
solves as the salt did is said to be soluble in water.
Chalk and sulphur are insoluble in water. You can
see from this that all soil minerals that enter the
root-hairs must be soluble in water.

All seed plants need ten different elements if they
are to grow and produce fruit. Seven of these are
obtained from the soil. They are nitrogen, phos-
phorus, potassium, calcium, sulphur, iron and mag-
nesium. The last three are so abundant in soils and
are used in such small quantities that we do not need
to concern ourselves about them. Calcium is abund-
ant in most soils but is lacking in a few regions. The
first three elements, nitrogen, phosphorus, and potas-
sium, are not abundant in most soils and are used
in comparatively large quantities; hence they are
frequently lacking in fields that have crops growing
in them year after year. When we speak of ‘‘worn
out soil,”’ we usually mean that it lacks one or two
of these elements.

Good farmers and gardeners try to keep their soil
fertile by the use of fertilizers, by plowing under
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plenty of vegetation to make humus, and by good till-
age to insure a deep, rich, mellow soil-home for the
plants.

The constant supply of water and mineral food.
How to keep a constant supply of capillary water
for the growing plants in regions that depend entire-
iy upon rain is a problem of much interest.

Experiment. What are all the ways in which
capillary water is taken from a field or garden in
which plants are growing?

Fill a tumbler with moist soil. Invert over it
another tumbler. Set it aside for twenty-four hours
and then examine. What do you find on the inverted
-glass? Where did the moisture come from?

This shows that moist soil is constantly losing
some of its moisture by evaporation. You know also
that the plant itself is using up moisture. If this
continues for days and there is no rain, the soil will
become dry far below the surface.

Experiment. Capillarity. Tie a piece of cheese
cloth over one end of a long glass tube, open at both
ends, and fill it with dry soil. Stand the tube in a
jar containing about an inch of water. What hap-
pens? Leave it for several days to determine how
high the water will go in the soil. You can make
some other ¢xperiments to illustrate the same prin-
ciple. Tie a piece of an old towel to a pencil and
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let the free end dip down into a jar which contains a
small amount of water. What takes place?

The same thing takes place in the soil and in the
towel. The water slowly rises. This is caused by
what is known as capillarity or capillary attraction,
and always occurs when liquids come in contact with
fibrous or porous materials. The ordinary lamp wick
which conveys oil from the bowl of the lamp to the
top of the wick is a good example of capillary
attraction.

Experiment. Capillarity found in different soils.
Fill several glass tubes or the lamp chimneys used
in the drainage experiment with different kinds of
soil. -Place the lower ends in water, and determine
which soil lifts the water to the highest pomt by
capillary attraction.

As water is used up by plants in the fields, more
is constantly moving upward from the free water
below. If the weather is very warm, much of the
water that moves upward may be lost to the plants
by evaporation, so another problem of the gardener
and farmer is how to prevent this loss.

Experiment. Conserving soil moisture. Put equal
amounts of soil into two pans of the same size. Firm
the soil by gently jarring the pans upon the table.
Pour equal amounts of water over each. Weigh each
pan and set them side by side. Thoroughly stir the
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upper inch and a half of soil in one pan every day
keeping the layer on top very fine. Leave the other
pan undisturbed. Weigh them at the end of three
or four days, and again at the end of a week. Which
one has lost more weight? Explain why the stirring
of the soil prevents evaporation of water.

As long as the soil is left alone the water moves to
the surface by capillarity and evaporates. Then
cracks are likely to come in it which allow the air
to penetrate to quite a depth and aid in evaporating
the water. The stirring of the soil stops the flow of
water to the surface. It is like breaking off the ends
of tubes. This keeps the water in the soil. The layer
of dry soil is called a soil mulch. You see how
important it is to cultivate the top layer of soil in
your garden or fields during hot dry weather.

Experiments. What becomes of all the water that
plants take from the soil?

(a) Procure a small plant growing in a flower
pot. Tie a piece of writing paper over the top of
the pot. To do this slit the paper to the center, then
cut out a round hole just the size of the plant stem
and slip the paper around the plant. Place a glass
jar over the plant and set it in the window. Look at
it the next day. What has happened? Where did
the moisture come from that settled upon the glass?

(b) Allow a plant growing in a flower pot to
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remain a number of days without water. A small
coleus or foliage plant is good for this experiment.
What change occurs in the appearance of the plant?
Pour water over the soil thoroughly soaking it. Keep
a record of the number of minutes till the drooping
leaves and stems revive. What now holds the plant
rigid and erect?

Explanation. The moisture that gathered upon
the glass in experiment (a) came from the leaves and
stems of the plant. It was given out in the form of
vapor and condensed upon the cool glass. It could
not come from the soil because that was covered up.
All living, working plants are constantly evaporating
water. The process is called transpiration.

The second experiment tells you that one use of
water in growing plants is to keep them rigid and
erect. When too much water is evaporated com-
pared to the amount taken in the plant wilts.

In order that plants may obtain from the soil all
the water and minerals they require for their work,
farmers and gardeners must treat the soil so that
it will produce the best yield of crops now, and at
the same time insure the production of good crops
in all the years to come. To do this a number of
things are necessary:

1. Tillage. This includes two processes, breaking
or plowing, disking and harrowing, in preparation
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for the seed, and cultivation when the crop is grow-
ing. Good tillage increases the depth of the soil.
This means that the plowing must be deep. If only
the upper three or four inches are turned over the
surface of the soil will soon become depleted of its
mineral plant-foods. Moreover, the lower layer of
soil will become packed and sour and utterly unfit
for the plant roots. Tillage also aids in the saving
of moisture. How? Think of your experiment with
soil muleh. It also loosens the soil so that it will
hold more air and allow better ventilation. It kills
out the weeds and thus prevents a loss of plant-foods
to the crop. It turns under vegetation and thus
increases the amount of humus in the soil.

2. Drainage. We have already scen that drainage
is of advantage in lowering the ground water level
and in keeping the soil surface open for the entrance
of air.

3. Rotation of crops. Agriculturists are coming to
believe more and more that growing the same kind of
crop in a field year after year will result in absolute
ruin to the soil. Omne reason for this is that certain
crops use more of one kind of plant-food in the soil
than others do. After a number of years the soil
is so lacking in this particular compound that it is
difficult to grow any kind of a crop on it.

When legumes are rotated with other crops the
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supply of nitrogen is kept constant in the soil. Rota-
tion also gives an opportunity to kill out weeds that
are likely to persist if the same crop is grown year
after year. It also helps to get rid of certain insect
pests. Every farmer must settle for himself the crops
that are to be rotated; but he should adopt a definite
system of plant rotation and follow it in regular
order year after year. A common rotation in the
corn belt is oats, clover, corn.

4. PFertilizers. Fertilizers are of two kinds, nat-
ural and commercial. Of the first barnyard manure
is the best. It not only increases the humus of the
soil, but it is rich in the three elements that soil needs,
nitrogen, phosphorus and potassium. Green manure
is another natural fertilizer. This means the plowing
under of green crops. All the legumes as clovers,
cow-peas and alfalfa, when plowed into the soil are
green manures. Rye and rape are also used for this
purpose.

Commercial fertilizers, as the name implies, are
materials that are bought and put in the soil. To
supply phosphorus, bone-meal and rock phosphate
are used. For nitrogen, Chile saltpetre (nitrate of
soda), dried blood, and sulphate of ammonia are
used. For potassium, different forms of potash are
used.

If ealcium is lacking in soil lime should be used. It






CHAPTER VIII

THE WORK OF PLANTS

Materials. Potatoes, grains of corn, flour, oat-
meal, corn-starch, seeds of sunflower, cotton, flax,
"squash or pumpkin, solution or tincture of iodine.

Plants use some of the water that they obtain from
the soil in the manufacture of food and other
products.

Experiments. What foods and products do plants
manufacture? Scrape as fine as possible one or two
potatoes. Place the scrapings in a tumbler of water,
stir thoroughly two or three times, and allow to
settle. Examine next day. What do you find in
the bottom of the tumbler? Drain off all the water
and potato pulp, leaving nothing but the starchy
looking mass in the bottom. Boil some water over
the aleohol lamp and pour a little of this into the
tumbler, stirring until the mixture thickens. This
resembles ordinary laundry starch.

There is a chemical test, however, that will prove
beyond doubt that you have starch in the tumbler.
Place a small quantity of the cooked starch on a plate

or saucer, and then put two or three drops of iodine
120 :
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on it. What is the effect of iodine on the substance?
The blue color indicates the presence of starch. The
darker the blue the more starch there is present.
Sometimes it is almost black. Place a drop of iodine
on a slice of raw potato. Does it show as much
starch as that which is cooked? The reason the lat-
ter shows more starch is that the boiling water causes
the walls of the starch granules to burst open and
the iodine can act more readily upon the starch.

Pour a little boiling water over some flour and
test it for starch. Make the same experiment with
corn-meal, oatmeal and corn-starch.

Soak some grains of corn for forty-eight hours, or
for an hour in hot water. At the pointed end of the
grain find the tip cap. Remove this. The cap may
be lacking on some grains, having been left on the
cob. With a knife or pin remove the hull. You will
see that the grain under the hull is covered with a
thin, smooth material that with care may be scraped
off with a knife. This is called horny gluten. Now
dig out the germ or embryo. This is the light gray,
oval shaped portion that fills up the groove in the
soaked grain.

Split open the remaining part of the grain. How
many kinds of material are left? Place by itself the
white granular material found near the crown of
the grain. Add to it the same kind of material found
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near the tip. Put the hard, solid looking substance
in another pile. You now have six different sub-
stances found in your grain of corn. Test each of
these with iodine as you did your potato starch and
flour. It is best to erush them as much as possible
before putting on the hot water. What part shows
the most starch? It is probable that the soft granular
part will turn the darkest blue. This part is known
as crown starch. The solid, hard part, if thoroughly
boiled, will show some starch. This is called horny
starch. What parts do not contain starch? This
means, of course, that there must be some substances
other than starch in the grain of corn.

Remove some fresh embryos from soaked grains
and crush them on a sheet of white writing paper.
Hold the paper between you and the light. What do
you see? The grease spot indicates the presence of
oil or fat. Test other seeds in this way for oil, such
as sunflower, squash, pumpkin, flaxseed, ete.

Put a small pinch of each of the following on a sheet
of paper; flour, corn-meal, any cereal breakfast food,
buckwheat, and ground coffee. Place the sheet in a
hot oven and keep it there a few minutes. What
evidence is there that these things contain o0il? Name
some plants whose seeds contain so large a percentage
of oil that it is extracted and used for commerecial
purposes.



THE WORK OF PLANTS 123

Discussion. Besides starch and oil, plants contain
other substances.

The embryo of the corn is composed largely of pro-
tein. Another substance in plants is sugar. A sweet
potato tastes sweeter than a white potato because it
contains more sugar. Name other plants that have
sugar in them. From what plants is the sugar of
commerce obtained? All starch found in plants is
changed into sugar before it ean be absorbed by
plants or animals. Starch is insoluble in water, and
all substances absorbed by living bodies must be
soluble.

The corn hulls are composed chiefly of a substance-
called cellulose. Cellulose is found in all plants.
It is the material that gives strength and firmness
to the different parts. Tt is found in the cell-walls,
in fibers of stems, roots, and leaves, as well as in
fruits and seeds. Tt is harder and thicker in some
parts of the plant, as in the stems, husks and roots,
than in others. The fibers of cotton, hemp, and flax
are made chiefly of cellulose. Soak some newspapers
or writing paper in water till all the sizing is washed
out. The pulp that remains is almost pure cellulose.
Much of our paper is made from wood pulp; that is,
from the cellulose of the woody stems of trees.

Where do the plants get all of these substances?
They manufacture them. All plants that have green
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leaves or green coloring matter in any part manu-
facture starch, sugar and other products.

You may think of plants, then, as factories, with
machinery, power, and raw materials. The raw
materials are found in the air, soil, and soil-water
about the plant. They are found in the form of
chemical compounds which the plants take in and
use. You may not know what a compound is. Water
is an excellent example. It is formed by the union
of two elements, oxygen and hydrogen. Both of
these are invisible gases which do not at all resemble
water. An element is a substance that so far as
chemists know cannot be separated into other sub-
stances. There are between seventy and eighty ele-
ments known. All other things in the world are
compounds, formed by the union of two or more ele-
ments. Just to mix elements together will not make
a compound. They must unite in definite proportions.
In order to understand what we mean by this you
must know that everything in the world is made up
of very small particles called molecules. The mole-
cules are so small that they cannot be seen by the
most powerful microscope. Each molecule is made up
of still smaller particles called atoms. Now, when a
chemical union takes place a certain number of atoms
of one element unite with a certain number of atoms
of another element or elements and make a molecule
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of a new substince which is a compound. In water
two atoms of hydrogen unite with one atom of oxygen;
hence we use the symbol H,O to stard for water.

Chemical unions are taking place constantly in the
world of nature. In plants, chemical combinations
take place which result in the plant products you
have found. Starch is a combination of oxygen,
hydrogen and carbon. The symbols for these elements
are O, H and C respectively. Proteid is a combina-
tion of carbon, hydrogen and oxygen, with nitrogen,
sulphur, phosphorus, and often other elements.

The plant gets its oxygen and hydrogen from the
water which it absorbs through its root-hairs. It
gets carbon from the air, not as an element but the
compound that you know, carbon dioxide. Its symbol
is CO,. This tells you that one molecule of carbon
dioxide is made by the union of one atom of C and
two of O.

The work of manufacturing starch takes place in
the leaves or other green parts of plants.

Fxamine a leaf of any plant. Hold the leaf between
you and the light. What do yon see in it? How are
the veins arranged in a bean leaf, maple, sunflower?
These are net-veined leaves. How are the veins
arranged in a corn leaf? In grass? These are parallel
veins. What is the use of the veins? One apparent
use is to hold the blade spread out to the light.
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Place a twig with growing leaves in a tumbler of
water colored with red ink. After twenty-four hours
examine the petiole and the veins. The red ink in the
veins tells you that they carry water to all parts of
the leaf.

Procure a thick leaf, as live-for-ever, tulip, or hepat-
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TFig. 24. Cross section of a leaf, showing cell walls, chloropnyll
Lodies, and stomata, or breathing pores.
ica, and peel off a little of the skin or epidermis.
You can remove a little of the covering from a thin
leaf, enough to see that the entire leaf is covered
with a thin, almost transparent skin. What is under
the skin? This green granular mass is largely made
up of a substance called chlorophyll.

If you could see a cross-section of a leaf highly
magnified you would find it built up of cells. Each
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cell has a thin wall, contains green, roundish bodies
called chlorophyll bodies, and a mass of colorless
protoplasm. These form the machinery that manu-
facture plant-food. But just as any macﬁinery must
have power to make it run, so must the machinery
of the leaf. What is the power?

Experiment.* Fill a box or dinner plate with soil
and sow some oats or wheat sceds. After the grains
have sprouted cover one-half the plants with a box
or tin can. Give all the plants the same amount of
water. After a week compare the plants grown under
cover with those grown in the light. What do the
former lack? What is your conclusion as to the abil-
ity of the plants to make chlorophyll without the aid
of light?

Discussion. Recall the color of grass that has been
covered with a board, or the color of potato sprouts in
a cellar. Without light plants cannot make chlorophyll,
and without chlorophyll no starch can be made. The
light is the power that runs the machinery, but the
chlorophyll is the connecting link between the power
and the machine. In some way it succeeds in bring-
ing them together so that they are able to carry on
their work.

You remember that starch is made out of oxygen

and hydrogen from water and carbon from air, and

*This experiment should be started a week before time for the
lesson.



128 STUDIES IN SCIENCE

that proteids contain these three elements with the
addition of nitrogen, sulphur, phosphorus, ete., which
come from the soil.

The leaves take in earbon dioxide through their
stomata, which are small openings in the epidermis.
What must be done with this compound before the
plant can use the carbon? It must be separated into
its elements, oxygen and carbon. The protoplasm
decomposes the carbon dioxide and uses the carbon.
It throws the oxygen back into the air. Therefore,
when a plant is actively engaged in manufacturing
starch it is taking carbon dioxide from the air and
giving out oxygen. Why cannot this process be car-
ried on during the night?

What do the plants do with the starch, proteids,
and oils that they make? The starch, by a process
something like digestion in our bodies, is changed
into sugar, and this and the other foods are con-
veyed in liquid form from the leaves to all parts
of the plants, where they are used in the growth of
these parts.

Do piants grow at night? Measure some of your
corn or other plants at night and again in the morn-
ing and see how much they have grown. While plants
cannot make food at night, they can use the food
they have made during the day for growth during the
night. Some of the food that is made is not used at
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once but is stored away for future use in roots, stems
and seeds.

Plants need something besides food in order to live
and grow. They are like animals in this respect.
They must have air to breathe as well as food to
eat. They cannot live without oxygen any more than
you can. They carry on respiration at all times just
as you do. Not only the leaves but the stems and
roots need oxygen. The oxygen is taken into the
cells and unites with the carbon and other elements
giving the plant its energy. Waste products, CO.
and moisture are thrown out into the air.

You must not confuse the two great processes that
plants perform. In making starch plants take CO.
from the air and give out oxygen. In respiration
they take oxygen from the air and give out CO..
The fact is that much more CO, is used in the manu-
facture of food than oxygen in the process of respira-
tion, so that actively working plants give out much
more oxygen than they take in. These two processes
go on at the same time during daylight just as diges-
tion and breathing go on in your body without inter-
~ fering with each other.



CHAPTER IX

FOOD AND HEALTH

The foods that plants make feed many of the ani-
mals of the world including man. Since this is true
you will readily see why the human body is com-
posed of precisely the same elements that plants use
in their food.

Classes of food. We group foods according to the
elements they contain as follows: (1) ecarbohydrates,
which are starches and sugars. The term tells you
that the elements composing them are carbon, hydro-
gen and oxygen. A chemical compound whose name
ends in the syllable afe always has oxygen as one of
its elements. (2) Proteids, which contain carbon,
oxygen, hydrogen, nitrogen, sulphur, and phosphorus.
(3) Fats, which are composed of carbon, oxygen, and
hydrogen, but these elements are combined in different
proportions from those in starch.

Carbohydrates. Make a list of all the sources of
starch that you know. Do the same for sugar. You
will find that you have a long list. All the cereals,
as wheat, corn, oats, rice, ete., and the vegetables, as

potatoes, sweet potatoes, and fruits, have starch or
130
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sugar as a large part of their composition. The chief
value of carbohydrates in your body is to produce
heat and energy. From your study of oxidation you
know that this process takes place in the cells of
your body. '

* Proteids. All grains, especiolly their embryos, con-
tain some proteid. Beans and peas have a larger
percentage of proteid than other vegetables. All
other vegetables and fruits have small amounts. Most
of the proteid foods are obtained from animals. All
lean meat is largely proteid. The white of egg, milk,
cheese and fish are all proteid foods. Proteid is the
tissue builder of the body. It alone contains nitro-
gen, the element which is necessary in the making of
protoplasm. There can be no building of new cells
or repairing of old ones without proteid. The mus-
cles and other organs are constantly wearing out andi
must have this kind of food to replace them.

Fats. Make a list of the sources of fats or oils and
the foods in which these are found. You probably
have in your list fats of animals and butter fat from
milk, as well as vegetable oils from cotton seed, olive
seeds, corn, ete. Fats are heat making foods and like
carbohydrates they produce energy. Fat which is
not used at once is stored in the body for future use.
During an illness people become thin and wasted be-
cause their bodies have had to use up all the surplus
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store of fat. Now since each of the three great classes
of foods, proteids, fats and carbohydrates, has its
special use in the body, you can see that we must have
some of each of these foods daily in order to keep the
body in good condition. Some people eat too much pro-
teid, others not enough. Too much proteid may
cause diseases of the kidneys, because these are the
organs that get rid of the waste from nitrogenous
foods. Too much fat and carbohydrate may result in
the storing up of so much fat that it is injurious to
the body.

Cooking. Most foods must be properly cooked in
order to be wholesome. Cooking produces chemical
changes in many foods and gives them a better flavor.
In most cases it makes foods easier to digest and
helps to kill off dangerous bacteria that may he in
them. The method of cooking has much to do with
the wholesomeness of foods. Roasting or baking
meat is much better than frying. Few vegetables,
even potatoes, should be fried; instead they should be
baked, creamed or scalloped. Fried foods are the
cause of many cases of indigestion and poor health,
because, in the prccess of frying, the food becomes
coated with a hard layer of fat which must be dis-
solved before digestion can take place. Starchy
foods should be, cooked thoroughly so that the grains
of starch will be wholly softened. Proteids should
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as a rule be eooked slowly and should not be over-
done. .

Digestion. Foods to be of value in the body must
be changed into liquid forms so that they may be
taken into the blood and carried to all parts of the
body. This process is called
digestion. It begins in the
mouth where the teeth break
up solid particles into small
bits. Besides this mechanical
change in the mouth, the saliva
acts chemically upon starch
changing it to sugar. When the
food reaches the stomach a
fluid called gastric juice is

poured upon it. This acts AN \\\\
chemically. upon the proteids S S\

changing them to another sub-  Fig. 25. The digestive
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small intestine where several
other juices act upon it to finish
the digestion. These are the pancreatic juice, which
comes into the intestine from the pancreas, the bile,
which comes from the liver, and some juices that pour
out of the walls of the intestine. By the time these have
acted upon the foods, the starches are all in the form
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of liquid sugar, the fats are broken up into tiny drop-
lets, and the proteids have all been changed to pep-
tones. The digested food is now in a condition to be
absorbed into the blood.

The lining of the small intestine is thickly covered
with tiny finger-like projec-
tions called villi, about as
close together as the nap on
felt or velvet. In each villus
is a little tube called a lacteal
which takes up the fat drop-

“lets. There are also tiny
blood tubes in the villi which
take up the sugars and pep-

tones. The process by which

SEEs == these liquid foods enter the
%%{%%i??n blood is precisely the same
INTEERING as that by which the soil-

water enters the root-hairs

. i of plants, and is called
Fig. 26. A cross-section
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The fats are carried into a
large tube called the thoracic duct. This empties into
a vein near the collar bone, and this in turn empties
into a large vein which enters the right auricle of the
heart. The sugar and peptones pass into the blood of
a large vein which empties first into the liver. From
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here the blood goes through other veins to the right
auricle of the heart. Then it is sent to the lungs to get
a supply of oxygen, after which it returns to the heart
to be distributed throughout the body.

Hygiene of eating. If the food that you eat does
for you all that it should, you must observe certain
rules and regulations. First of all, you should chew
your food thoroughly.

One reason for thorough chewing is that it gives an
opportunity for a larger amount of saliva to mix with
the food and help to change the starch to sugar. The
other reason is that by breaking up the foods the gas-
tric juice in the stomach has a better opportunity to act
upon the proteids.

A second rule to observe is to eat regularly, that
is, eat at meal time and not between meals, unless you
are really hungry. If you have an early breakfast
and become very hungry before the noon meal, form
the habit of eating a small amount or drinking a
glass of milk about the middle of the forenoon."
Avoid eating candy, nuts, ice cream, etc., between
meals. Such things are best eaten as desserts of the
noon or evening meals.

Third, eat plenty of vegetables and fruits and not
much meat. Meat once a day is enbugh for any
healthy person.

Fourth, avoid stimulants of all kinds. Tea and
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coffee are not good for children. Alcoholic drinks
are generally injurious to health and rarely do any
good even when used as medicine. Everyone knows
how harmful they are. Patent medicines should also
be avoided. They are the source of much trouble in
the digestive organs. Medicine should be taken only
under the advice of a physician.

The teeth. If you examine your mouth in the mir-
ror you will find that you have in the. back part of
vour jaw on each side, two or three broad, flat teeth.
These are called molars and their sole purpose is to
crush and grind up the solid food till it is reduced to a
pulp. Most people do not get the last molars, known
as the wisdom teeth, until they are from sixteen to
twenty years of age. In front of the molars on each
side are somewhat smaller teeth which also aid in
grinding. These are called bicuspids. In front of
the bicuspids are the sharp tearing teeth -called
canines, and in front of these the two cutting teeth
called incisors.

Care of teeth. To keep the teeth in good condition
is a prime requisite to good health. Teeth that are
not kept clean serve as a lurking place for all sorts
of disease bacteria. If particles of food are left in the
mouth, around and between the teeth, they form an
excellent place for bacteria to grow and multiply.
Physicians believe they have good evidence that the
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ill health of many people may be traced directly to
teeth that are in bad condition.

The teeth should be brushed at least once every
day, better twice. The mouth should be rinsed thor-
oughly with water after each meal. A dentist should
be visited at least once a year, better twice, so that
he may detect any evidence of decay in the teeth and
attend to the matter at once. Thousands of young
people through lack of care lose second teeth that
could easily be saved for service and beauty during
many years.

Care of foods. Foods should be so cared for that
there may be little danger of spreading disease
through them. Foods that are exposed to dust in
stores or on the street should be thoroughly washed
before eating, especially those that are eaten raw. Ves-
sels in which foods are kept should be carefully
washed and sterilized with boiling water, and occa-
sionally left standing out in the hot sun.

People who cook food should use the greatest care
to cleanse their hands and nails perfectly before they
handle the food. Under no consideration should one
who is waiting on a sick person go into the kitchen
to cook without first washing his hands in a weak
solution of cabolic acid or other disinfectant.

Food should be kept from spoiling by keeping out
bacteria as much as possible; that is, by cleanliness,






SPRING STUDIES

CHAPTER X

GARDEN STUDIES AND HOME PROJECTS

Getting ready for the garden. Gardening should
mean something more to you than merely planting,
cultivating and harvesting crops. Through it you
will be able to discover many scientific truths and
underlying principles concerning the life and habits
of plants, kinds of soil, principles of drainage and
the vitality of seeds. This means that special studies
and experiments must go along with your garden-
ing. Then, too, you must conduct your work accord-
ing to sound business principles if you wish to get
real value out of it.

One of the first things to do is to write to seed
firms for catalogues and send for your seeds. There
are a number of associations and seed houses that
make special prices to school children.*

Look over the garden projects suggested in this
chapter before you decide definitely what to plant.

*Two of these are: The. Children’s Flower Mission, Cleveland,
Ohio; The School Garden Association, Boston, Mass.
139
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You should be influenced in your decision by the
disposal you expect to make of your garden produets.
If you are planning to use your vegetables upon the
home table, you should consult with the family to
find out what they prefer. TIf you expect to market
your produce, you should find out from grocerymen
or truck gardeners what vegetables are likely to be
in greatest demand.

Tt is worth while also, if you have a good sized
plot, to give a small space to new or unusual vege-
tables. There are a number of palatable and nutri-
trious vegetables that many people do not grow or
use because they know nothing about them. You
may succeed in introducing some of these into your
home and neighborhood. If you have a small plot on
the school grounds it may be used as an experimental
garden in which new varieties of vegetables may be
grown and tested. The small school plot may also
be used to demonstrate some of the principles of
gardening, as well as to raise material for special
study:

Tools. If you are starting a garden for the first
time, you will have to purchase tools with which to
work, unless your parents have all that are neces-
sary. If they garden on a large scale, they prob-
ably use some implements such as plows, harrows
and cultivators drawn by horses. If you have a small
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garden of your own, you will need the following hand
tools:

1. For preparing the sced-bed: a spade, spading
fork, rake.

2. For planting: a line, or measuring stick, hoe.

3. For cultivating: hoe, hand weeder, wheel hoe.

4. For raising plants indoors : shallow boxes, called
flats.

5. For transplanting: a trowel, dibber, watering
can.

Making a hotbed. A hotbed is an inexpensive and
convenient place in which to raise plants that must
be started very early in the season and transplanted
afterwards.

The parts of a hotbed are: 1. The pit in which
material is placed to furnish artificial heat. 2. The
frame. 3. The sash.

The pit should be of such size that the sash will
just cover it; an ordinary hotbed sash is six feet long
and three feet wide. A small hotbed then, may be
made 3x6 ft., 6x6 ft., 3x12 ft., according to the num-
ber of sashes. If you have an old window sash about
‘the place, the pit may be made to fit this sash.

Dig the pit about two feet deep in a well drained
spot. Place posts in the corners and nail planks to
these. This makes the frame. The posts should
extend twelve inches above the ground on the north






GARDEN STUDIES AND HOME PROJECTS 143

side and eight inches on the south, thus making your
bed slope toward the south.

When the pit with the frame is ready, procure some
fermenting stable manure, which is from one-third to
one-half straw or litter used for bedding. Several
days before making the hotbed the manure should
be placed in a pile four or five feet high so that fer-
mentation will begin. It should be turned over with
a fork so that it will ferment evenly in all parts.
Place a layer of this in the bottom of the pit and
tramp or pound it down. Continue putting in layers
and tramping them until the manure is from fourteen
to fifteen inches deep. On top of this place a layer
of good soil about four inches in depth.

If the bed is more than three feet long, place sup-
ports for the sashes every three feet. If it is very
cold weather, a double sash should be used. A layer
of manure piled around the frame on the outside will
be of service in conserving the heat.

Planting. The hotbed is now ready for use unless
the temperature is too high. Heat is produced by
chemical changes that are taking place in the decay-
ing manure. Place a thermometer in the soil and wait
for the right temperature. A few plants like egg
plants, peppers, or tomatoes may be planted when .
the temperature is between 85° and 90° F. For most
seceds a temperature between 70° and 80° F. is safest.
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Plant your seeds in rows, extending north and south.
You may put the rows quite close together, from four
to six inches. The soil should be slightly moist when
vou plant the seeds. Firm the soil over the seeds
just as you would if you were planting them out-of-
doors in the garden.

Care of the hotbed. Three conditions are essential
in having your plants grow successfully in a hotbed:

1. The temperature must be kept as even as pos-
sible.

2. The soil must be kept moist.

3. The plants must receive a supply of fresh air.

Watering should be done in the morning rather
than in the evening. On bright warm days the sash
should be lifted a little, from one to three inches, in
order to admit fresh air and allow impure air to
escape. It may be left open two or three hours in
the middle of the day. If the weather turns sud-
denly cold, an extra covering of boards, pieces of old
carpets or canvas should be thrown over the hothed
at night.

A hotbed in connection with a school garden may
furnish enough plants for all the children to set out
in their home or individual gardens.

Hotbeds are sometimes used to raise certain plants
as lettuce, radi.shes and spinach for table use during
cold weather. Sometimes steam or hot water pipes
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are used instead of manure to produce the needed
heat.

Cold frames. A cold frame is another device for
raising plants that are to be transplanted. It is sim-
ilar to the hotbed except that it does not have the
manure to produce artificial heat. It consists, then,
of the frame and the sash. A frame may be made
so that it may be moved from one place to another.

Fig. 28. A cold frame.

The frame should be twelve inches high on one side
and eight inches on the other, just as the frame of
the hotbed. It should also be the proper length and
width to fit the sashes. Tt may be placed in a well
drained spot in the garden. The soil should be dug
and thoroughly pulverized before the frame is put
into place. A layer of manure around the outside
will hielp to keep the temperature even.
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A cold frame may be used to start certain plants
that later may be transplanted to the garden. Cab-
bage, cauliflower, tomato plants, brussels sprouts,
and kohl-rabi may be grown successfully in a cold
frame, planting them the latter part of March or the
first of April. Some flowering plants from which
you wish to get early results as cosmos, gaillardia,
sweet scabious and salvia, may be started in the cold
frame and then transplanted to the garden.

The care of plants in the cold frame is similar to
that employed in the use of the hotbed.

Cold frames are frequently used to harden plants
that have been grown in hotbeds before setting them
out in the garden.

Do you know why the temperature of the cold frame
is warmer than the outside air? The answer involves
a principle of physics. The heat rays of the sun
pass through the transparent glass and heat the soil
in the cold frame. The heat that radiates from the
soil cannot pass out through the glass, so you see it
must accumulate inside the frame.

Preparing the seed-bed. To insure a successful gar-
den you must see that the soil is in good condition
before you plant your seeds or set out your plants.

Plow or spade it to a depth of from 10 to 12 inches.
A spading fork will give better results than a spade.
Then pulverize it with a harrow or rake till it is fine



GARDEN STUDIES AND HOME PROJECTS 147

and mellow. If it is a clay soil be careful not to work
it when it is very wet. If when you take up a hand-
ful and squeeze it the particles stick together and
will not fall apart when you drop the lump, it is too
wet. If the particles fall apart the soil is in good
condition so far as moisture is concerned.

In order to have a successful garden it must be
well drained, must be rich in organic matter or humus,
and contain in available form all the soil elements
that plants need for their growth. In order to keep
the soil in excellent condition, with a constant supply
of moisture, you must cultivate your garden fre-
quently. Never allow a crust to form and remain.
This means cultivating after every rain.

BOYS AND GIRLS CLUBS

‘While any of the projects suggested in this and other chapters
may be undertaken individually in your home, it will add both
interest and profit to the work if a number of boys and girls of
the community meet and organize a club. Here various kinds of
work may be discussed and you can decide what particular projects
you wish to undertake as a club. The value of the club is that it
affords an opportunity to learn much from each other about the
work. You will be more interested in the work itself when you
know what others are accomplishing. Then, too, it affords an ex-
cellent opportunity to receive some training in conducting public
meetings, in parliamentary practice, and in speaking before the
publie.

Many state universities have in cooperation with the U. S. De-
partment of Agriculture and the Bureau of Education a club leader
who gives his entire time to the work of helping boys and girls to
form clubs and to carry on projects in connection with them. If
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you wish to organize a club the first thing you should do is to apply
to the club leader of your state for information. He will send you
bulletins and other material explaining exactly how to proceed.

PROJECT ONE

TOMATOES

Material. Seeds and seed catalogues; flats or boxes.

If you are planning to raise tomatoes, you should
decide first of all whether you want to try more than
one variety. Looking in your seed catalogue you
find some listed as early varieties, other as late.
Usually the early tomatoes are smaller than the main
crop tomatoes. It is worth while to grow a few of
these for early market or home use; for canning the
larger varieties are better.

Planting. If you live in a warm climate plant your
seeds out-of-doors; if in a cool climate, you must start
them in-doors. Can you explain why? It is because
the tomato is not hardy enough to plant out-of-doors
early in the spring in a cold climate. If you wait
until the ground is warm enough for the seeds, the
season will be too short for the fruit to ripen.

Place some good rich soil in a box. Use a flat
or a shallow box about two and one-half or three
inches deep. Scatter the seed broadcast over the
soil or sow in drills two inches apart. Cover with
about one-half inch of soil and firm the soil well.
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If you have a hotbed, place the flat in this; keep
well watered and wventilated. If you have no hot-
bed, the plants will do fairly well in a sunny window
in the school room, or in the kitchen. Care should be
taken not to allow them to chill on cold nights.

If the plants are not too crowded, they may be left
in the flats until time to transplant. You will get
better results, however, if when the plants are between
two and three inches high you transplant them to
small flower pots, old berry boxes, tin cans or into
other flats. If you use the cans, be sure to punch
holes in the bottom for drainage. Do not keep the
plants too warm, but allow them to grow rather
slowly in order to form a thick stocky stem.

Transplanting. When all danger of frost is past,
transplant to the garden. The small early varieties
may be placed two and one-half or three feet apart;
the large ones from three to four feet.

Care of plants. As you know, the tomato plant has
a weak stem which if left to itself will spread over
the ground. To get best results you should make a
support of some sort. Soft twine or strips of cloth
should be used to tie the plants to the support.

It is not well to allow all the buds that appear to
develop. If you look closely at your plants when
they are four or five inches high you find new buds
appearing in the axils of the leaves. Most of these
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should be pinched out. This compels the plant to
grow tall. When your plant has a number of fruit
clusters on it, you may prevent its growing taller
by pinching out the top bud. You should cultivate
frequently enough to keep a soil mulch.

Experiments. (a) Test two or three varieties to
determine which gives best results. (b) Train sev-
eral plants on supports. ILeave the same number
untrained. Keep a record of results.

Harvesting and canning. If you are marketing
vour crop, be careful not to bruise the fruit. Put
together the tomatoes that are similar in size, shape
and color. You will get a better price for choice fruit
if you grade it carefully.

Seventh and eighth grade girls can successfully
can tomatoes. Select firm, thoroughly ripe fruit.
The skins are removed by placing the tomatoes for
a few seconds in water heated to the boiling point.
Remove, dip immediately into cold water, and the
skins will slip off easily.

There are two methods of canning that you may
use. The old-fashioned plan is to cook the tomatoes,
then place them in cans and seal. First the cans, tops
and rubbers should be sterilized by immersing in
boiling water. ‘

The newer and better plan is the cold pack or hot
water-bath method, using the closed boiler or the
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home canning outfits. Both of these methods with
much useful information are described and explained
in Farmers’ Bulletin No. 521, ‘‘Canning Tomatoes at
Home and in Club Work.”” This may be obtained
free by sending to the U. S. Department of Agricul-
ture, Washington, D. C.

It will be quite worth while for a school to have
in connection with the Domestic Science department
a canning demonstration with a wash boiler or deep
kettle and a canning outfit.

You may use your tomatoes also for pickles, chow-
chow, picealilli and sweet preserves. You will find
recipes for these in the bulletin named above.

Record of Tomato Project.

1. Name of variety.
a. Date of planting.
b. Date of transplanting.
c¢. Date when ready for use.

2. Expenditures.
a. Cost of seeds.
b. Rental value of plot—size of plot.
c¢. Labor—Estimate hours of work.
d. Cost of fertilizer.
e. Total expenditure.

3. Receipts.

Yield in pounds or bushels.
Amount sold—value.

Amount used or eanned—value.
Total receipts.

Net profits.

4, Note any points that will be of value for future reference.

>0 oD
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PROJECT TWO
ROOT CROPS

Material. Roots of beets, turnips, parsnip, carrot,
and salsify; seeds of each.

Root crops is a name given by market gardeners to
plants whose roots are used for food. Make a list of
all- the root crops that you know. Choose any one
of them for observation and study. The study may
be made late in the fall or any time during the winter
or early spring.

Seed-bed and seeds. Work the soil thoroughly so
that it will be loose and deep. It should also be well
drained.

The seeds of most root crops do not retain their
vitality more than two years. It is safer to use.one-
vear-old seeds.

If vou are not sure that the seeds are fresh, test
them to see if they will germinate. Place a few in
moist sand or soil. Keep moist but not too warm
and watch to see whether they will germinate and
grow. The seeds are slow to germinate, taking from
ten days to three weeks, so do not be discouraged
when the plants do not appear within a few days.
You should make the test during the latter part of
winter or early spring.

Planting. Time: All the root crops are cool weather
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plants and may be planted as early as the ground
can be worked in the spring. Beets, carrots, and
turnips may be planted at intervals during the sum-
mer for a succession of crops.

Distance apart of rows: Beets, carrots, parsnips,
salsify, turnips, 12 inches.

Depth: All the above except turnips, 1 inch. Tur-
nips % inch.

It is very essential to firm the soil well. If the
seeds germinate they must be kept moist. Firming
the soil brings it in close contact with the seeds, so
that the moisture is kept constant by capillary action
of the soil.

Some gardeners plant small, quick germinating
seeds, as radishes or lettuce, in the rows with parsnips
and carrots. These help to break the crust for the
slower plants and at the same time mark the rows so
that the soil can be cultivated without the possibility
of injuring the young seedlings that may be just ready
to break through.

Thinning. It is a good plan, in order to secure a
good stand, to plant the seeds rather close, about an
inch apart. If all grow, thin to a distance of from
3 to 4 inches.

Harvesting. Beets will be ready to use in from
8 to 10 weeks after planting. They are much better
when young than if allowed to reach their full growth.
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They may be canned successfully by the closed boiler
or steam method.

Carrots are ready for use in from 12 to 15 weeks.
They too are better young.” They may also be eanned.
Both beets and carrots bring a better price at this
time than later. Turnips are ready in from 8 to 12
wecks. Parsnips and salsify may be left in the
ground and used during the winter. While some
people think that frost improves them, they are all
right to use in the early fall.

Any of the root crops may be kept fresh and erisp
for use all winter By placing them in boxes of moist
soil, sand or leaves, and keeping them in a cold cellar.
A temperature just above freezing is best. They may
also be kept in pits out-of-doors. To preserve them
in this way they should be placed in a conical pile,
covered with six or eight inches of straw, then with
a layer of earth. In very cold regions a layer of
manure may be put on top of the soil. '

Experiment. (a) If you have an experimental plot,
set out some roots of beets, carrots, ete., and raise
some seeds of your own.

(b) Try different varieties of any of the root crops
suggested to determine which give best results in your
garden,.

Keep a record of your crop similar to the one sug-
gested for tomatoes.
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PROJECT THREE

POTATOES

Material. A number of potatoes, a small bottle of
tincture of iodine, some red ink.

Study. Examine a potato. What do you find scat-
tered over the surface? Where are the eyes most
numerous? Where are the smallest ones; the largest?
What are the eyes? Do any of them show signs of
growth? What else do you find on the potato?

The eyes are buds, and the end of the potato on
which the cyes are so numerous is called the bud or
seed end. Opposite this is the stem end.

‘What is the potato? To answer this, hold a potato
with the bud end upward. Now suppose you could
stretch it out many times its length and have the
thickness reduced accordingly. What part of a plant
would it resemble? .

Cut a potato in two through one of the eyes. How
many different structures has it?

Experiment. What is the potato made of?

1. Weigh a potato after first removing the peel-
ing. Put it in a warm place. What happens? After
a few days weight it again. How much has it lost?
What causes the loss?

2. Scrape the white portion from two or three
potatoes. Put the scrapings into a glass of water.
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Stir thoroughly. Allow the glass to stand for twen-
ty-four hours. What do you find in the bottom?
Carefully pour off the secraps and water leaving noth-
ing but the white layer in the bottom. Pour a small
amount of boiling water over this. What happens?
Put a few drops of iodine on the starch and note
effect.

Experiment. Of what use is the starch to the
potato? Till a box or large flower pot nearly full
of soil. Plant two small sized potatoes. Cover about
two and a half inches deep. Keep watered. When
the plants are about three inches high dig up one and
examine the potato noting any changes that have
taken place. Leave the other for a number of weeks,
then examine it. The same experiment may be tried
to better advantage out-of-doors in the garden.

Experiment. Cut a slice from the stem end of a
potato tuber. Set the cut end of the tuber in a dish
with about a quarter of an inch of red ink in the bet-
tom. Allow it to stand several hours. Now make
a number of thin slices. What has taken place?

Discussion. The fact that the potato has buds tells
you that it is a stem. Since it grows in the ground
it is an underground stem. There are several differ-
ent kinds of underground stems. This kind is called
a tuber. In propagating potatoes then we use tubers
instead of seeds.
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The tuber is made up chiefly of water and starch.
The blue color that appeared when you wused the
iodine indieated the presence of starch. The potato
also contains a few minerals. Its structure is like
that of any stem. The outside layer we call the peel-
ing. The dark line is the woody tissue. The part
between the wood and peeling is the cortex. The
dark central part, with the rays extending from it,
is the pith. The white part is called the medulla.
Your experiment shows that the woody tissue carries
water and other food materials to the tuber.

Planting. Time: Early potatoes may be planted
as soon as the ground is dry enough to cultivate in
the spring. Late varieties may be planted in May
or June. The northern states that raise quantities
of potatoes usually plant them about the middle of
May.

The seed-bed: Potatoes need a deep, rich, mellow
seed-bed. To insure this the soil should be plowed
deeply and then disked or harrowed a number of
times. A soil that has had clover or alfalfa growing
on it the year before is excellent for potatoes.

Cutting the tubers: Many experiments have been
made at agricultural stations to determine the most
economical way to cut the tubers for planting. A
chunky, compact piece with at least two eyes usually
gives best results.
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Space between rows: In the garden where hand
cultivation is practiced the rows may be 21, feet
apart. When the horse cultivator is to be used they
should be 3 feet apart.

Space between hills: 12 to 15 inches. Plant one
piece in each hill.

Depth: In heavy, compact soil 3 inches. In loose,
mellow soil 4 to 5 inches.

Cultivation and care. Work the soil frequently;
harrow the ground at least once before the plants
are up. All through the growing season cultivate
often enough to keep the soil fine and loose. Care
should be taken not to cultivate too deeply lest the
roots be injured.

Enemies. If you find traces of the fungous disease
called scab on your seed potatoes you can prevent its
attacking your new potatoes by treating the seed
with a solution of formaldehyde. Use one ounce to
two gallons of water. Leave the potatoes in the solu-
tion from one and a half to two hours.

The Colorado potato beetle is likely to be your
worst foe. For treatment, spray with arsenate of
‘lead or Paris green.

For potato blight spray with Bordeaux mixture
or lime-sulphur mixture. The latter will also kill
aphids or plant lice.

Harvesting, marketing and storing. FEarly pota-
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toes may be dug for market when they are large
enough to use before they are fully matured. If you
are planning to sell your crop you may get a better
price for it at this time than if you wait until later.

You will probably harvest your main crop when
the potatoes are mature. This means when the vines
are dead. If you store them for future use or plan
to sell them later you should keep them in a cool,
dark place at a temperature from 33° to 35° F. They
may be stored in a cool cellar or in an outdoor pit.

Selecting seed potatoes. When digging your pota-
toes watch for hills that give the best yield; that is,
the greatest number of large, well formed potatoes.
Save these for seed next year. If you do not get
enough choice ones to plant your entire plot, use
these to plant a small plot and from this again choose
the best hills. In the course of three or four years,
by this simple plan of selection you may produce a
seed potato that will be worth many times the price
of ordinary potatoes. '

Keep a record of your project similar to that sug-
gested for tomatoes.

Experiments. There are a number of interesting
experiments that you may make either at home or
in the school garden.

1. Does careful ‘selection of seed potatoes pay?

Plant two plots of equal size, one with tubers care-
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fully selected as suggested above, the other with tub-
ers taken at haphazard from the bin. Give both the
same cultivation. Compare weights when the crops
are harvested.

2. Is it worth while to treat potatoes for scab?
Plant two plots of equal size with the same kind of
potatoes. Treat the tubers of one with formalin;
plant the other with untreated potatoes. Compare
as to yield and quality of potatoes.

3. What is the effect of frequent cultivation?
Plant two plots of equal size with the same kind of
potatoes. Cultivate one twice as frequently as the
other. Compare yields. Ketep a record of the extra
time and labor expended so you may take that into
consideration when you check up results.

4. Test two or three varieties of potatoes as to
yield and quality. Plant plots of equal size and give
similar culture. Some of the common early varieties
are Early Ohios, Early Rose, Irish Cobbler and Early
Puritan. The leading late varieties are Rural New
Yorker, Seneca Beauty, Burbank and Green Mountain.

PROJECT FOUR
ONIONS
Material. Some large onions, several onion sets,

seeds, and if possible a stem with top sets or bulblets.
Study. An onmion is a bulb. Examine one care-
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fully. What do you find at the lower end? At
the upper end? Describe the covering. Cut one bulb
crosswise and another lengthwise. Of what is the
bulb composed? Where are the thickest layers?
What is the color of the central portions? Look
closely at the place where the layers are fastened.
What is their relation to the hard flat plate that you
found on the outside of the bulb? How is the cen-
tral shoot related to this? What is this plate?

Experiment. What is the value to the onion of
the thick, juicy layers?

Place a medium sized onion in the mouth of a large
bottle full of water. The lower part of the bulb
should rest in the water. Wateh its growth for a
number of weeks. Deseribe the roots and the leaves.
Explain the change that takes place in the bulb.

Compare sets with large onions, noting differences
and resemblances. How are the sets obtained? If
you have some top onions or bulblets, compare those
with the sets.

Examine the seeds. Note size, color and shape.
How can you obtain onion flowers and seeds?

Discussion. The onion bulb is really composed of
thick, juicy, modified leaves that contain a large
amount of food. The flat plate-like portion to which
they are fastened is the true stem of the bulb. You
find from your experiment that the bulb sends out
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the fibrous roots below and the green shoot above.
If you examine the latter after a number of weeks,
you find that most of the food in it has been unsed up
and it has become very soft and flabby.

Sets and seeds. Sets are small bulbs that have
been grown from seeds the year before. In some
places the seeds are planted late in the season and in
the fall the small bulbs are taken up and stored over
winter. Most growers of sets, however, plant the
seeds very thick early in the spring. The plants are
so crowded that the bulbs cannot grow large. When
the tops begin to die the small bulbs are taken up,
dried and stored. Top sets or bulblets are produced
by certain kinds of onions. They may be used to
produce new onions just as the true sets are used.

Onions are biennials, so if you wish to raise seeds
you must set out the large bulbs which send up a
flowering stem. Sometimes the large sets will do
the same thing. If they send up seed stalks they
become tough and strong and are worthless. Sets
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