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FOREWORD

ITH great gladness one notices the ever-increasing trek of schools

of all types towards the open air. Observation lessons, Sketching,

School Journeys, Games and the like provide the objectives in a
movement that promises immeasurable benefits for the Englishman of to-morrow.
As civilised life becomes more complex, more responsible for the average
man, and its noises and distractions more wearing to him, the greater he
needs the soothing balm that only kindly Nature can provide, And this
being true, if our claim is sincere that Education is the comprehensive pre-
paration for manhood, a very plain duty is laid upon all of us who are
charged with moulding the thoughts and habits of youth. The movement to
the field, the river, the park, the hills, must be pressed to every reasonable length.
Every child has the right to ask that those deputed to see him properly equipped
before he crosses the threshold of manhood shall ensure him eyes that see, ears
that hear, and a mind that understands and appreciates the glories and wonders
that lie on the outskirts of even the most dismal man-made town. Yet, as with
all our blessings, we must detect the dangers.

Those who undertake work of great potentiality must be worthy of the
trust. The child whose lot is cast with a teacher to whom Nature Study is
merely a subject is likely to lose a goodly heritage. The Nature Study that
lives by books alone cannot endure beyond school-days; nor can it if its
teacher is unlearned in its inner intricacies or sceptic of its profound delights.

To those not fully initiated, and yet willing to join the modemn trek, this
volume is offered. It seeks above all to generate interest. If the expert finds it
simple, the Author has reached the goal he sought. He is a Schoolmaster who
knows and loves his Nature, and who desires to increase his kingdom. If his
labour of love finds favour in wide quarters, if school gardens become more and
more the laboratories of the open road, and if a material number of his professional
colleagues find help and inspiration in the book and its delightful sketches, then
the writer will have earned the reward I think he has deserved.

T. A. WARREN,

Director of Education,
County Borough of Wolverhampton.



SECTION I

CHAPTER 1

THE AIM OF NATURE

N Nature Study and Science, teach-

ing success depends entirely upon

the attitude, outlook and interest
of the teacher. He should be genuinely
interested in the subject of his lessons
and even if his knowledge is not exten-
sive, it should be first-hand and accur-
ate.

Frequently excellent work is done
by teachers whose knowledge, when
first attempting the subject, has been
very limited, but who have not been
afraid to learn with, and sometimes
from, their pupils. The personal ele-
ment is of vital importance in Nature
Study. Unless the teacher shows en-
thusiasm and real interest in Nature,
outside as well as inside the classroom,
he cannot expect to stimulate his
scholars or to endow his lessons with
that glow of life and interest without
which such lessons are of little value.

The main object of all Nature lessons
should be to enlarge the interest of the
child in living things in the world
around him. To do this, full use
should be made of the instinctive curi-
osity of the child, but it is essential
that the teacher should be able to give
guidance and advice as to what and
how he is to observe.

Nature Study, therefore, can be
considered as Nature, studied in its
relations by the child, from the child’s
point of view, and by the teacher with
the child,

STUDY AND SCIENCE

Schemes of Work

Another point of great importance
is the scheme of work. In this volume,
certain schemes of work are given, not,
however, with the idea of supplying
teachers with ready-made articles.
They are suggestions, and should be
regarded as “tools” by the adapta-
tion of which schemes in Nature Study
and Science can be constructed to
meet the needs of any particular school.

Excursions

No scheme is complete unless class
excursions form an integral part.
Nature Study must be first-hand.
Four or five excursions each year are
essential. In the lower classes the
same ground should be covered on each
occasion. As there is so much to see
out of doors, it is necessary for the
teacher to make up his mind before-
hand as to the particular things to
which attention is to be drawn. A
too rigid adherence, however, to the
planned excursion may tend to check
original observation. The teacher must
have a definite object in view, but
actual observation by the scholars,
apart from the planned scheme, should
receive attention.

In Nature Study or Science, the aim
of the work is to teach the .children
to see things for themselves. This
power is one not highly developed in
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the majority of adults, and hence the
innate curiosity of the scholars should
not be curbed except within the limits
of class discipline. Very little difficulty
will be experienced, however, by the
teacher who sets out on an excursion
or Nature walk with a definite object
in view—with a love of Nature in his
heart and a real desire to help his
scholars to develop the “ seeing eye,”
**the hearing ear” and the “ under-
standing heart.”

The subjects studied under the
general term, Nature Study, are many
and varied. In Infant Schools the
children should be made familiar with
a large number of Nature objects, in-
cluding, of course, plants and animals.
This should be followed in the Senior
Department by lessons on flowers and
their names, fruits and seeds, buds and
leaves, herbs and trees. Briefly stated,
the child should be brought into in-
timate relationship with the living
things in the world in which he lives,
and should learn to love and care for
some of the living things of field,
hedgerow and garden.

In the higher classes of town and city
schools the Nature-Study course should
be extended by the introduction of
electricity, physics and chemistry.

For country districts it is possible to
apply the early knowledge gained to
the study of the elements of Horticul-
ture and Agriculture. In industrial
areas some attempt should be made
to introduce older children to the under-
lying features of the industries.

The aim of the Science course should
be to investigate experimentally the
properties of matter and later to dis-
cover the relationship of facts one with
another. Gradually, if such a course

is followed, the child begins to reason

and to imagine scientifically, to see
for himself and to regard the things
around him as a sacred trust. His
outlook on life and appreciation of
Nature and all her works develop into
a deep love which cannot be expressed
in words, and as the Duke says in “ As
You Like It,” he “ Finds tongues in
trees, books in the running brooks,
sermons in stones and good in every-
thing.”

Dislike of Nature Study

Unfortunately there are still teachers
in the schools who do not take kindly
to the teaching of Nature Study. This
attitude may be the result of their
early training. At one time Nature
Study was treated in a haphazard
manner. A lesson on flowers was, per-
haps, followed by a lesson on Sago, to
be succeeded by cne on the Lion. Such
lessons, which could not be associated,
and for which actual examples were
not available, simply became detached
informative lessons which tended to
become boring even to the best of
pupils.

The study of Nature is not a series
of disconnected lessons, Plants, flowers,
insects, seeds and birds are inter-
related, and in almost every case the
objects dealt with can be seen and
handled, other objects of study being
those which can be constantly and
easily observed. Sometimes, it is re-
grettable to state, the dislike of the
subject is the result of bad teaching.
The wrong point of view has been
instilled, and Nature Study has become
a subject to avoid rather than one to
greet with the utmost pleasure.

Plant life in its broadest aspect
means so much to mankind that it is
the duty of those who train the future
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generation, to change as soon as possible
the unkindly attitude towards the
subject. Often the difficulty experi-
enced in obtaining material is brought
forward by teachers who say they
 dislike Nature.” Again this drawback
can be removed. The wise teacher
whose lessons have been well thought
out experiences little or no difficulty ;
the pupils carry out the work and take
a delight in doing it.

For instance, a teacher wishes to
give a series of lessons on Twigs. 1f
the class is told this on a Friday,
often sufficient specimens will be forth-
coming on Monday morning. Again,
for lessons on Germination, the whole
class will be candidates for the work
of looking after the developing plants.
The same applies to the aquarium and
terrarium. Happy is the boy or girl
who is told off to take care of the
living inhabitants. The enthusiastic
teacher also finds pleasure in obtaining
specimens. In his spare timec he

delights in being alone with Nature,
watching her methods and observing
the struggle for life which goes on
incessantly in the plant world.

The personal element is the deciding
factorin every instance. If the teacher
is carrying out the study of Nature
with his scholars, difficulties vanish.
No teacher can be successful unless he
1s enthusiastic in his work and has the
power to impart that enthusiasm to
his pupils.

Somectimes the dislike of Nature
Study is due to a lack of knowledge on
the part of a teacher. Often a com-
prehensive view has not been taken,
and on this account the opening part
of this volume will contain a brief
survey of the wvalue of plant life to
mankind.

When we consider how much we
owe to the “ Silent machinery in plant
life,” then an added interest is given
to the study of *“ The grass that wither-
eth and the flower that fadeth away.”

CHAPTER 11
A COMPREHENSIVE VIEW OF NATURAL SCIENCE

EADING scientists agree that
Lplants are the oldest living things

on the earth. They cover the
whole earth with beauty like a magic
carpet, and certainly they are the
foundation and mainstay of our exist-
ence. Man could not live without
them, and, further, if it were not for the
Vegetable Kingdom spread over the
whole surface of the land, and along the
surface and even the bottom of shallow

seas the whole Animal Kingdom would
perish.

The world relies on plants for its
food, and depends wholly on a secret
which every plant possesses and which
no man knows how to apply, for a
plant is able fo take its food from ar
and water. While we are Jooking at a
plant it is taking in its supplies of
nourishment, compounding its own food
and, in most cases, reserving a supply
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which may, at some future time, help
in the building up of our own tissues.

The Dividing Line between Plant and
Animal Kingdom

This is difficult to define. If all
living things are represented by an
ornamental Y-shaped tree with twigs
on either fork, this can be considered
the genealogical tree of life. To the
right we could put the plants and on
the left side the Animal Kingdom—this
must be much longer than the right-
hand side.

Animal life seems to have progressed
through the ages at a much greater rate
than the plants. One can admire the
majestic beauty of the Beech tree, but
one realises there is a great gulf between
the tree and the Squirrel on its branches.
This gulf is not so clear when we come
to distinguish between a Mushroom
and a Sponge.

Still more difficult is it to decide
whether a living creature with a single
cell is a plant or an animal, especially
as some animals have, in some way,
produced the green colouring matter
called chlorophyll, which is the charac-
teristic feature of practically all plants.
Then again we must place at the
bottom of our genealogical tree the
Protists—single-celled creatures which
both the botanists and zoologists claim.
Whatever name is given does not really
matter, but we can consider the Protists
as the lowest form of plant life, and
it is from such lowly positioned plants
in the scale of life that all plants have,
through the process of evolution, come
into existence.

The Earliest Plants

Without considering deeply the evolu-
tionary side of plant study, one might

assume that in the early days of the
earth’s history some lowly, single-celled
creatures manufactured chlorophyll—
surrounding themselves with a cell
wall of cellulose (now sold in the shops
as vegetable parchment paper)—and
began to build up sugar, starch and
other carbon compounds. Such might
be considered as the earliest plants, and
they probably lived freely on the
surface of the sea, gradually becoming
fixed to upstanding rocks or on the
shore. The secret of their existence
was their ability to feed at a low
chemical level and to use the power of
sunlight in the chemical operation of
building up their tissue.

Such operations meant much for the
future history of the world, for through
this building up of tissue and the break-
ing down of carbon dioxide began
the formation of an atmosphere of free
oxygen.

The continual evolution of such plants
and the increased formation of carbon
compounds, not only for their own
immediate use, but sufficient to reserve
certain quantities, provided the basis for
the evolution of the Animal Kingdom.

The Evolution of the Animal Kingdom

Animals had their simple beginnings,
and the parting of the ways began
when certain creatures—the first
animals—gave up the habit of building
up their own food on discovering the
reserve food materials made by lowly
plants. This breaking off from the
habit of making their own food is the
dividing line between plants and
animals, and the discovery of a ready-
made supply of essential food material
was the deep secret of the animals.
Further, the discovery meant the
greater activity of the creatures who
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possessed the secret of living adventur-
ously, for food, like fuel, is a supply
of chemical energy.

Living on the food manufactured by
plants gives a clue to the reason why
members of the animal kingdom can
dispense with green colouring matter,
and why they are free from the clogging
and embarrassing material—cellulose—
of which the cell walls of plants in the
early stages are made.

Further Divergence

Through the process of evolution
the two sides of the Y-shaped tree have
diverged further and further. It is
not surprising, however, to discover
that sometimes the plant has animal
tendencies. The sun-dews and other
similar plants depend partly on insects
for their food. Many plants appear to
seek sleep at night like animals, e.g.
the Daisy, Clover and Crocus. Again
one sees the sensitiveness to touch in
the tendrils of the Pea or Convolvulus.

Plant tendencies can be seen in
animals of a sluggish nature. For
example—the Dormouse. This little
animal fattens during the period of
plenty, but during the time of scarcity
—the winter—he passes his time in
a dormant condition, using up his
reserve of fat as a supply of energy to
keep his organs in a living condition
until warm weather returns. The
Frog, who spends the winter hidden in
the banks of pools, is another example
of the plant lurking in the animal.

Daversity +n Detail

So far as complexity of structure and
life-history of plants are concerned—
quite a study in themselves—the whole
kingdom of many-celled plants comes

within comparatively small limits. The
diversity in detail is enormous. There
is great diversity between an Oak tree
and the Moss on the mountain and
the Heather on the hill side, compared
with the fields of golden grain. What
diversity exists between the flowers of
the hedgerow and the Sea-weeds!
Take a single class, the Ferns—a
multitude of kinds, each having charac-
teristics peculiar to itself. Or, consider
the family to which the Rose belongs ;
all members have somethingincommon,
yet what a difference between the
Rose of our garden, the Strawberry
and the Apple! At first sight, who
would think that the Buttercup, Monks-
hood and Columbine belonged to the
same family ?

There is variety of form and habita-~
tion. Is there a plantless place, except
in the depth of the sea? There are
plants—Red Snow—found on floating
icebergs, plants in hot springs and
above the snow-line; doctors speak
of the flora of the stomach.

What would life be worth without
the beauty of the floral world ? Is there
anyone who cannot appreciate the
beauty of the Hare-bells swinging by
the wayside, the Snowdrop, or the
delicate structure of the Orchid ?

The Success of Plant Life

Now to turn to the other side of the
picture ; the Grass withers, the flower
fades, yet Grass and members of this
family are the most important and
successful of all living things. They
cover the whole earth with a green
mantle. This power of successful
growth is all very well when it is on
man’s side, but when it is possessed
by injurious plants like Bracken in
this country, or Prickly Pear in India,
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we realise the strength plant life
posseases. _

Again, consider the forest trees.
They sustain enormous weights against
gravity—every year adding to the
burden and lifting it higher. One is
apt to overlook the quiet strength of
the roots of trees, which raise and twist
the pavements or split up rocks on the
hillsidee. We recognise the transfor-
mation of energy which goes on in
engineering works, but do we realise
the operations performed unceasingly
throughout the summer day in the
chemical and physical laboratory of
every green leaf ?—and all without the
noise and smoke associated with the
factories made by man.

The Cycle of Life

Consider the cycle of life as we know
it to-day—birth, youth, reproduction
and death: in plant life this is clear
with annual or biennial plants, but not
quite so obvious with perennials.
Every plant is the intersection of
numerous threads in the web of life.
A few illustrations of the parts played
by plants in the interaction of the
Natural Kingdom will elucidate this
point.

First there is the circulation of matter,
We have seen that plants feed on air,
water and salts, using the carbon di-
oxide as the basis for manufacturing
the essentials of life known as starch,
sugar and fats.

Some animals eat the plant or part
of the plant and a second incarnation
begins, e.g. the nectar the Bee collects
is changed into honey; the nut the
Squirrel cracks becomes part of the
animal’s body—it is incorporated with
the living tissue of the animal.

During life animals exhale carbon

dioxide ; this re-enters the atmosphere
and may be absorbed by a green plant.
Other forms of waste matter from the
animal pass into the soil, and may form
salts which the roots of plants absorb.
Other waste products pass off as
ammonia into the air to be washed
down by the rain into the soil, to be
captured later by the roots.

Again, when animals die and sink to
the ground, bacteria (a very small,
single-celled organism belonging to the
Vegetable Kingdom) begin to work,
and the body is said to rot. Its com-
plex substances are broken down into
simple substances such as water, carbon
dioxide, ammonia and salts. Thus,
from the dead body, bacteria make
materials for plants to use as food.
Certain bacteria, therefore, act as
middle-men, making material from the
dead fit food for the living and fit to
enter again into the cycle of life. To
sum up in a few words, the world is
run on a plan such as this:

(1) Air, water and salts are absorbed
by green plants.

(2) From the carbon dioxide of
the air, carbon compounds such as
starch, sugar, fats and proteids are
built up.

(3) Thereserves of carbon compounds
and the plants themselves are eaten
by the Animal Kingdom.

(4) When animals die, their bodies
are broken down by bacteria into
simple substances such as gases, water
and salts.

(5) These salts and gases are again
absorbed by green plants and the cycle
of life begins afresh.

The Work of the Leaf

A plant is a laboratory of complex
chemical substances: each cell has a
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particular work to do. The building
up of tissue and the manufacture of
food material could not go on without
‘some outside help, and it is the green
plant’s secret to obtain this help from
the orange-red rays of sunlight. The
energy from the sun is used by plants
to help in the manufacture of carbon
compounds, which have chemical energy
just as petrolhas. What actually takes
place in a green leaf is not yet fully
known. What is known definitely is
that nearly all plants are green and
containamaterial known as chlorophyll.

Plants, like all members of the
Natural Kingdom, require oxygen for
their existence and hence they, like
ourselves, breathe in oxygen and breathe
out carbonic acid gas or carbon di-
oxide. This respiratory process is un-
ceasing. We find in all seeds and in all
plants some accumulation of carbon
compounds. Generally speaking, the
carbons found in the soil are insoluble,
and although there is a small quantity
of carbon dioxide found in soil, this is
exceedingly small when compared with
the amount of carbon in combination
found in plants. It is, therefore, a
certainty that plants could not obtain
their carbon from the soil. The only
vther possible source of carbon is the
carbon dioxide of the air, and the power
to use the carbon dioxide of the air
is the main point for our consideration.

Carbon dioxide is, of course, carbon
and oxygen combined, but it needs
great power used at the right time and
in the right way to separate them, but
what is difficult to man is very simple
to plants with their green leaves in
sunlight,

The chlorophyll in plants has no
power of itself, and hence, if the carbon
dioxide of the air is to be used, some

power must be introduced. This the
leaf is able to carry out, and it becomes
*““atrap tocatchasunbeam.” Mancan
help himself to far more power than the
green leaf, yet cannot apply it as the
leaf does. The leaf beats the cleverest
of men because of the green matter it
contains. It is the green material that
enables it to apply all the sunshine
that it can to the business in hand,
that is the splitting up of the carbon
dioxide of the air—releasing the oxygen
and retaining the carbon for its own use.

This process is carried on without the
introduction of heat and without any
waste. Such is the miracle performed
every day, and on which our lives
depend. We reap the benefit of this
miracle, for not only do the plants take
in the carbon necessary for their own
existence, but accumulate reserves in
the forin of carbon compounds—these
being used by the Animal Kingdom,
including ourselves. Hence, not only
do plants work for their own living, but
for ours also, for it is due to their
miserly habit of accumulating supplies
that we are enabled to exist.

It is known that plants absorb car-
bonic acid gas or carbon dioxide from
the atmosphere and return to the air
the oxygen contained in it. The green
parts act, therefore, as a reducing
mechanism, and it follows that some
organic compound must be formed at
the expense of the carbon obtained.
By an organic compound is meant a
carbon-containing bodywhich iscapable
of combining with oxygen.

Three Important Compounds

The first step in following the career
of the absorbed carbon dioxide is to
ascertain what organic compounds are



10 MODERN TEACHING

found in plants. There is no pure car-
bon found, for the carbon of the carbon
dioxide unites with other substances.
However, there are three universally
present and important classes of organic
compounds found in all plants. They
are Proteids or Albuminoids, Carbohy-
drates, and Fats or Fatty Oils. These
show their organic nature in being able
to burn—that is, they are able to
combine with the oxygen of the air and
give off carbon dioxide.

The Proteids or Albuminoids are very
complex carbon compounds containing
Carbon, Oxygen, Hydrogen, Nitrogen,
Sulphur and occasionally Phosphorus.
The white of an egg is a typical example,
and so is the lean of meat. There is one
substance which is mainly composed of
proteids, and which is of the utmost
importance—it is the most important
part of all living beings, Protoplasm.
Continued growth means the increase
in the amount of Protoplasm. Hence
for growth one must have a constant
supply of Carbon, Hydrogen, Oxygen,
Nitrogen, Sulphur and Phosphorus—
all necessary for the construction of
Protoplasm, either in plants or animals.

Carbohydratesare simple compounds;
they contain no nitrogen. Sugars are
carbohydrates soluble in water. The
sugar used for domestic purposes—cane
sugar, C;gH,,0,,, occurs in many plants
—Beet, Sugar Cane and Maple, etc.
Grape Sugar, CgH30s, is found in most
plants. Starch, C4H,,Oy, is a solid car-
bohydrate insoluble in water. By the
use of dilute acid or a ferment, starch
can be converted into sugar.

Cellulose : the solid framework or
skeleton of a plant is mainly con-
stituted of cellulose or bodies allied
to cellulose. This is a solid insoluble
carbohydrate — colourless. = When

treated with sulphuric acid it smells and
forms a substance similar to starch
paste ; it will give the characteristic
reaction to iodine. Further treatment
with dilute acid will reduce the starch-
like paste to a soluble sugar. Wood
may be considered as a modified form
of cellulose,

Thus the carbohydrates generally
known are sugars or substances easily
converted to sugars.

The last group, Fats and Fatty Oils,
can be treated as one, for the oils are
only liquid fats. These, again, are
compounds of Carbon, Hydrogen and
Oxygen, but contain no Nitrogen ; they
are poorer in Oxygen than the carbo-
hydrates. They will not dissolve or
mix with water, but, when acted upon
by ferments, they change from an
insoluble to a soluble condition,

The Food of Animals

The {ood supply of the Animal
Kingdom consists of the reserve food
matcrial manufactured by plants, or
of the plants themselves. Flesh used
as food has its origin in the green plant
and hence the phrase ‘“ All flesh is
grass '’ has a true meaning.

Much more could be written about
the work of plants, but such is not the
aim of this book. If this brief survey
of the Vegetable Kingdom stimulates
teachers to look at Nature from a more
extended point of view, then it will
have served its purpose.

The information given in the pre-
ceding section is intended as an under-
lying aspect of Nature Study. In
subsequent chapters much more detail
will be given as to how far plant
and animal life can be dealt with in
schools.
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CHAPTER IIi
THE PLANT—ORGANS AND FUNCTIONS

N beginning the study of plants it

is advisable to fix attention on some

well-known plant and to consider
the most striking features of its con-
struction. Starting from the general
knowledge possessed by all as the result
of everyday observation, we may hope
to gain a more accurate and systematic
knowledge which is worthy of the name
of Nature Study.

Take, for example, a well-known
plant, the Wallflower or Gillyflower
(Fig. 1), the parts of which are easily
made out by even the most casual
observer. There are the branched
colourless parts called the roots, which
are firmly fixed in the soil and from
which arises the upright stem bearing
the leaves. From the stem, branches
arise, cach from the angle between a
leaf and the main stem. Branches
also bear leaves, and resemble in all
respects the stem which bears them.
Flowers appear on the upper parts of
the stem and branches; later these
give rise to the fruits or seed cases.
From the seeds themselves a new
generation of plants can be obtained
in the following year.

A plant of this description is a highly
organised structure. The flower, leaf,
stem or root is not simply a part of the
plant, but a part having a definite
work to do for the benefit of the whole.
This division of labour is a principle
carried out in a civilised community.
Each part which has a definite duty to
perform is called an “ organ,” and its
work is termed its “ function.” Thus
the root has a dual function. In the

first place it fixes the plant firmly in
the soil, and secondly it takes up food
therefrom.

The leaves have for their chief
functions the absorption of food from
the air, the carrying out of the process
of respiration or breathing, and the
getting rid of the excess water brought
up by the roots from the soil.

The function of the stem is of a
threefold value ; it has to conduct the
food which the roots and leaves absorb,
to other parts of the plant, to support
the leaves in a position where their
function can best be performed and
thirdly to bear the flowers.

The function of the flowers is of quite
a different nature ; their business is to
produce seeds so as to provide future
generations of flowers.

Briefly, therefore, plants bear two
distinct types of organs. In the first
case, the roots, stem and leaves work
for the benefit of the parent plant to
which they belong; these are termed
Vegetative Organs. Flowers are con-
cerned in the production of seeds and
hence are called the Reproductive
Organs.

MODIFIED ORGANS TO PERFORM
SPECIAL FUNCTIONS

Root System and Modification of Roots

If the roots of the Wallflower are
carefully washed to remove soil par-
ticles, certain main parts can be easily
identified. In the first case (especially
if a young plant is examined) the main
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root or axis grows straight downwards
and in the same line with the stem.
A main root of this kind is called a
primary root. From the primary root
others arise which, instead of growing
downwards, grow away from and
almost at right angles to it. These
lateral branches lengthen in the same
way as the primary root, by growth
near the tip, and are called secondary
roots. They ultimately produce tertiary
roots, which grow out obliquely from
the secondary ones, and further branch-
ing may go on until a very extensive
collection of roots is formed, the whole
of which is called the Root System.

Tap Root

When the primary root, as in the
case of the Wallflower, continues to
grow, keeping distinctly larger than
the lateral ones, it is called a tap root.
This may remain slender and elongated
or it may become much thickened
and assume various characteristics.
Very good examples are met with in
the Carrot, Parsnip, Mangold. Turnip,
Red Clover, Mustard, Shepherd’s-purse,
Poppy, etc., and most of the broad-
leaved trees. Various terms are used
to designate the thickened forms of
roots, For example, the Carrot root
is conical; the Radish is spindle-
shaped or fusiform; the Turnip is
described as napiform. Tap roots
generally are food reserve storage
organs.

Fibrous Roots

In some instances the primary root
is not more clearly marked than the
roots of later origin ; it may even cease
to grow altogether. Such plants, on
being removed from the soil, exhibit
a bunch of slender roots, the chief of

which are all much of the same diameter
and length. Roots of this character
are described as fibrous and are well
exemplified in the common Groundsel
and the Grasses.

Adventitious Roots

In some plants the roots differ very
much from those previously mentioned.
The single, primary root of the Onion,
for example, lasts but a very short
time and is succeeded by others which
do not arise as branches of the primary
one but spring from the very short
stem of the plant. Roots which arise
on the stem or leaves, or those which
are not outgrowths of the primary
root are described as adventitious.

Such roots are to be found on a great
variety of plants, and may be con-
sidered as the main roots of all mono-
cotyledonous plants. For example, in
the Wheat, the embryo within the
grain has three primary roots; the
embryo of Barley has five or six. Such
structures, however, are only tem-
porary and only of use in the early
stages of growth. Before the Wheat
or Barley plant has unfolded a few
leaves above ground the primary roots
have withered away, being succeeded
by adventitious roots which grow out
from the lower joints of the stem near
the surface of the soil. Excellent ex-
amples of adventitious roots are found
on runners of the Strawberry, the
stems of the Creeping Crowfoot and
on the underground stems of the Mint,
Potato and Hop.

Propagation by Cuttings

In this connection it is interesting
to note that almost all parts of plants
can be induced to produce adventitious
roots. Generally speaking, they are



THE VEGETATIVE ORGANS OF A PLANT.

The above drawing fllustrates the root and shoot systems. Note the arrangement of the primary and secondary
reets, and the position of the lateral branches. From the main stem, a number of leaves were removed in
order to show the spiral arrangement.

13
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produced at the joints or nodes, where
leaves grow upon the stem; in other
cases their development depends upon
contact of the stem with water or
damp soil. Pieces of stem cut off just
below a leaf and placed in moist earth
usually develop adventitious roots near
the cut end. In this way the propaga-
tion of such plants as Gooseberries,
Currants, Roses, Willows, and Gera-
niums is carried out.

Usually adventitious roots are thin
and fibrous, but some of those of the
Dahlia and Lesser Celandine act as
organs for the storing of reserve food
material. Such roots are spoken of
as tuberous and are quite different in
general characters from the tuber of the
Potato, which is a modification of the
stem,

Root System

The complete root systems of plants
vary enormously in extent, but in all
cases the total length of roots for
any particular plant is much greater
than is usually anticipated. A well-
developed Oat plant, although its root
system does not spread through more
than two cubic yards of soil, has been
found to reach over one hundred and
fifty yards in length. The Wheat root
system is much more elaborate than
that of the Oat, and the roots pene-
trate much deeper into the soil.

If the rooting system of a tree that
has been uprooted by the wind is
examined, it will be noted that there
are a number of stout roots similar to
the thicker branches of the crown, and
from these are given off a large number
of a finer texture. The greater bulk,
however, which the tree in its active
state possessed, are left in the ground
in the form of fine rootlets extending

outwards in all directions as far as, or
farther than, the branches. Generally
the roots do not penetrate to a depth
of more than six or seven feet. Many
of the largest trees send their main
roots only a small distance down, but
keep their root system nearer the sur-
face, spreading out more horizontally
in the ground. The Elm and Larch
are typical of this kind of tree. Horti-
culturists take advantage of the
shallow-rooting system of the Quince,
and this is generally used as a stock
on which to graft Pears. Similar
surface-rooting habit is most marked
in the Paradise Apple, on which stock
Apples are grafted, and in the Wild
Cherry (Prunus malaleb) upon which
Cherries are often grafted.

Root systems generally are affected
by the kinds of soil in which the plants
are growing. In deep, open soils and
loose, sandy soils the root system will
be much larger than that of a similar
plant grown in more compact or
heavier soil. The richness of the upper
layers of the soil is also a deciding
factor, and this, to a certain extent,
modifies the depth to which the larger
roots penetrate.

Root-hairs

Just above the tip of the roots or
root-cap of the Wallflower or of any
plant is to be found a band of fine,
white, silky hairs. On removing a
plant from the soil, these delicate
structures are destroyed, and hence it
is necessary, in order to observe the
silky heirs, to grow seeds on damp
blotting paper or on flannel.

These delicate outgrowths, although
almost invisible, are among the most
important organs which plants possess.
All the food constituents obtained from
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the soil and from the various manures
applied to the latter are taken in by
the root-hairs. By means of these
small structures, plants are kept con-
stantly supplied with water. The pro-
cess of transplanting, or any disturbance
of the development and action, such as
may be caused by excessive dryness
of the soil, leads to a deficiency in
water supply and causes wilting and
the ultimate withering of the plant.

These root-hairs are never formed at
the tip of the root, but arise at some
distance from the growing point. As
the root (either primary, secondary,
etc.) elongates, the root-hairs on the
older parts die off, but others are pro-
duced on the younger parts. No
matter what length or size the root
may be, these silky, delicate, trans-
parcnt hairs are formed a short dis-
tance behind its tip.

Stems and their Modifications

Tubers

The functions of stem leaves and
roots are modified in some plants. In
the Potato, for example, there is an
additional function performed by a
modification of an organ. Potatoes
are formed undergrouud on parts which
are often wrongly called roots. On
examination of the branclies on which
Potatoes are formed, we find that they
bear small, scaly leaves. Similar tiny
leaves will be found on the Potato
itself, surrounding the ““ eyes,” and the
“eyes” themselves grow into new
stems when potatoes are planted.
Occasionally one finds on the stems of
the Potato, above-ground bodies which
are intermediate between Potato tubers
and the ordinary green stem. From
the fact that scale or modified leaves
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appear on the underground part of
the Potato plant, and also because the
young Potato tuber, when left in sun-
light, turns green, scientists have agreed
that certain shoots of the Potato
plant have become so modified as to
lose the more obvious characteristics
of shoots and to bear a resemblance to
roots. The tubers (Fig. 2) are a modi-
fication of the underground stem which
have become adapted to serve as
storehouses of food for the young
plants which will grow from the eyes
the following year.

From the above description of a
Potato, therefore, it should be noted
that a ‘‘{uber” is the term applied to
a shoot with a short, thick, fleshy
stem and minute scaly leaves, in whose
axils are buds or eyes. Another ex-
ample is to be found in the Jerusalem
Artichoke.

Rhizomes

This modification of the shoot to
perform a definite function is further in-
dicated in such plantsas the Couch Grass
(““Scutch,” ““ Twitch,” *“ Squitch™).
There are three grasses which come
under the above name, Couch Grass
(dgrapyrum repens), Black Twitch or
the common Bent Grass (Agrostis vul-
gars) and the Onion Twitch (Arrhena-
therum bulbosum). The true Couch
Grass (Fig. 3) has white, fleshy, under-
ground stems the thickness of a
stout knitting needle, at the joints or
nodes of which buds are produced on
the upper surface and from the under-
side of which small adventitious roots
arise.

Generally such underground stems
may be definite or indefinite in growth.
In the latter case the true, or main,
axis continues to grow at the tip, the
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parts which come above the ground
being secondary branches which arise
in the axils of its scaly leaves. When
underground stems are of definite
growth, the main axis, after growing
for a longer or shorter distance under-
ground, comes above the ground and
takes the form of a sub-aerial shoot
while a lateral or secondary bud
arises to carry on the growth of the
underground stem.

Underground stems, that is, shoots,
stout or slender, which grow more or
less i a horizontal position under the
surface, are known as rhizomes. Many
examples of this modification can be
found. Rhizomes of definite growth
can be found in the Wood Anemones,
Sedges and Reeds and in Solomon’s
Seal (Fig. 4). A good example of the
indefinite growth of a rhizome is to be
found in Couch Grass and Cuckoo Pint.
Occasionally the underground stcms
grow in a more or less upright position ;
in such cases the rhizomic stems are
termed root-stocks, as in the case of
the Primrose. Other examples of rhi-
zomes are to be found in Coltsfoot,
Butterbur, Bracken and Convolvulus
(Bindweed).

Corms

Another stem modification is to be
found in the organ known as a corm.
This is a short, thick, fleshy stem with
a few thin, scaly leaves covering it
and bearing at its apex one or more
buds. A bud develops in spring into
erect flowering shoots at the expense
of the stored food material (Fig. 5a),
wiile adventitious roots arise from the
base of the bud and also from the con-
densed stem. At the end of the spring,
the substance stored in the stem has
been partially used up and become
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shrivelled and dead-like (Fig. 35B).
The green leaves, after developing,
manufacture a considerable amount of
food, and this descends from the leaves
and is stored in the short stem (Fig. 5¢),
which thickens in consequence and
becomes a new corm at the end of the
season. The buds which are formed
in the axils of the leaves of the new
corm remain near its apex and carry
on the production of new leaves, flowers
and a corm the following year. Some-
times a corm, instead of possessing only
one bud at its apex, has several buds,
each of which may give rise to a new
corm as described above. Examples
of the corm are to be found in the
Crocus, Gladiolus, Meadow Saffron,
etc.

Bulbs

The bulb is another form of under-
ground shoot or bud. This differs from
the corm in the relatively smaller size
of the stem. In the corm the stem
portion is by far the most important
and prominent part, the leaves being
merely protective scales, but in the
bulb the stem portion is relatively
insignificant, small and bun-shaped,
the greater bulk of the structure being
formed by the basal portions of thick,
fleshy leaves which contain large stores
of reserve food. The leaves in this
case, therefore, act as the storehouse
for food in place of the stem.

In the bulbs of the Lilies, etc., the
fleshy scale leaves, of which the bulk
of the structure is composed, merely
develop, each covering a small portion
of the surface. The scales of the Onion,
Hyacinth and Tulip each completely
envelop the bulb. The outer ones are
thin and membranous and protect the
inner, fleshy, food-storing leaves, The
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coloured membranous covering of such
bulbs is formed by the shrivelled
remains of the leaves of a previous
season.

The bulb of the Hyacinth (Hyacin-
thus orientalis) (Fig. 6) consists of the
enlarged, fleshy, persistent bases of
foliage leaves and a number of scale
leaves, A bud arises in the axil of
the innermost leaf and the following
spring will develop into a flowering
axis surrounded by a number of foliage
leaves, on the outside of which are
scales or scaly leaves. The outermost
scale leaves of the previous year’s
growth shrivel, the inner ones persist
with the basal parts of the foliage
leaves and, with an axillary bud, form
the central portion of a new bulb.
When two or more buds are formed in
the axils of the innermost leaves a
rupture ultimately occurs in the parent
bulb as the developing buds form new
bulbs.

The resting bulb of the Snowdrop
(Galanthus nivalis) (Fig. 6) is composed
of the fleshy bases of the two long,
narrow leaves and of an outer sheath-
ing leaf ; the base of the flower stalk
may persist. The whole is surrounded
by the brown shrivelled bases of the
previous year. In the axil of the
upper foliage leaf a bud is formed;
this produces its flowering axis the
following season. Occasionally a bud
develops in the axil of the sheathing
leaf. On the growth of this bud a
new bulb is formed, and when this
takes place the growth of the bud
ruptures the sheathing leaf and even-
tually becomes detached from the
parent.

From seed, the development of the
Snowdrop bulb is as follows. The seed
gives rise to a very short stem and

two long and narrow leaves which are
surrounded by a sheathing scale leaf.
During the growing season the food
manufactured by the leaves is stored
in their basal parts. Ultimately a
bud arises in the axil of the upper-
most leaf. The parts aboveground
die off, leaving the food reserve
in the underground basal part of the
leaves. At the commencement of the
following growing season the bud uses
up some of the reserve material in
forming the new season’s leaves and
the flowering axis. The same process
is repeated each succeeding year. Food
is stored in the underground parts of
the leaves, situated on a very small
stem; an axillary bud is formed in
readiness for the next year; the parts
of the leaves above-ground, together
with the flowering axis, die off.

Bulbs, corms, rhizomes and tubers
afford plants a means of vegetative
reproduction. In many cases, the
possession of such subterranean stems
enables plants to compete successfully
with others, better equipped in some
respects, in the struggle for existence.

Aerial Stems and their Modifications

Herbaceous and Woody Stems

Stems which are soft, as in the case
of the Sunflower and Nettle, and
which last only for a short time, are
termed herbaceous. Most stems which
continue to grow for several seasons
need a stronger material in their
tissues and hence become, through the
formation of wood, much harder and
firmer in structure. Such stems are
called woody stems. It is well, how-
ever, to remember that all stems
produce woody tissue. In herbaceous
stems this is only of a very thin nature,
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The corm is a modified stem.

In this case the food necessary for the development of the dormant buds is

stored 1n the underground portion of the stem.

forming strands of wood relatively
small when compared with the re-
mainder of the soft parts. When
young, all stems are herbaceous. It is
only in the later development that the
distinction between woody and her-
baceous stems is apparent. To return
to the Wallflower, the upper parts are
soft and herbaceous, but the older part
of the stem is quite hard and woody.
The same point of distinction may be
noted in the Rose and many other
plants,

Trees and shrubs have well-developed
woody stems. The former shows a
main stem or trunk which has no
branches for some distance above the
ground. In trees the branches never
attain the same size as the trunk. A

shrub has no definite main stem, and
its branches are very much the same
size and spring from a point either on
or close to the ground.

Runners

Many plants produce lateral branches
which become highly specialised to
perform certain definite functions. In
the Strawberry plant a lateral branch
grows horizontally along the surface of
the soil which often attains a length of
two to three feet. Along the length,
at intervals of a few inches, small scale
leaves are formed. In the axil of each
scale leaf a bud arises, and from the
bases of these buds adventitious roots
arise. The buds produce foliage leaves
and ultimately (after the connecting
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portions of the runmer or stolon have
withered away) a flowering axis. The
Creeping Crowfoot (Ranunculus repens)
provides an excellent example of the
formation of Runners. Another ex-
ample is found in the House Leek.
In the latter the Stolons are very short.

Creeping Stems

In some plants the main axis lies
along the ground and takes root at
the nodes. On the upper surface an
axillary bud is formed which produces
a new shoot. If the internodes are
broken up so as to separate the parts,
fresh plants are produced, each capable
of further propagation by means of
Creeping Stems. Creeping stems differ
from Stolons in one respect only. In
the latter the main axis forms a plant,
while in the former the main axis is the
prostrate stem, the plants being pro-
duced by axillary buds.

Suckers

A Sucker is distinguished from a
Stolon or Runner because in this case
the branch arises below the level of
the ground. In the case of Roses,
Poplars, Limes and Elms, the Suckers
arise from the roots, but the growing
apex soon becomes like that of a stem.
The Suckers of the Mint are lateral
branches arising from an underground
stem.

Bulbils

Here, again, is a peculiar modifica-
tion of an organ to perform a special
function. Sometimes buds are formed
in the position of flower buds which,
however, do not contain any floral
members. As they resemble very much
the bud known as a bulb, they are
known as bulbils. Occasionally bulbils
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are formed on Lilies (Tiger Lilies, etc.),
and on Onions. In Shepherd’s Fescue
(Festuca ovina), a well-known meadow
grass, the scale leaves enclosing the
flowers increase in size and form
bulbils. These are stored with food
material, and on separating from the
parent are capable of developing into
new plants. This often occurs in
mountain pastures and may be con-
sidered as a special provision for
carrying on the race or the adaptation
of functions to the conditions of en-
vironment.

Climbing Stems

Many plants have stems which are
too weak to maintain an erect position
but are capable of using suitable objects
near them as supports. Adaptations
to secure the most favourable condition
for growth, flowering and {fruiting
generally come under three types:
(1) the whole stem turns round a sup-
port; (2) by special irritable organs
known as tendrils ; or (3) by the forma-
tion of specialised structures—aerial
roots.

Aerial Roots

The Ivy is a typical example of a
plant which climbs by adventitious
aerial roots. The latter are formed
along the shaded portion of the stem
and also at the nodes.

Tendrils

Many plants climb by the modifica-
tion of some part or other to form irri-
table organs or tendrils. These may be
either stem structure or leaf structure.
In the Vegetable Marrow and White
Bryony, these special organs occupy
the position of buds, that is, they arise
in the axils of foliage leaves. The leaf-
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MODIFICATION OF LEAVES.

Bulbs are the basal parts of leaves modified to perform a defimite function. In the Snowdrop the basal parts
of the leaves form the new bulb. The Onion and Hyacinth use the basal portions of their foliage leaves
togethar with scale leaves for their resexve food-storage organs,
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stalks of the Clematis (Travellers’ Joy)
and the Woody Nightshade act as
tendrils. They coil round any slender
support and increase in size and
strength as the need for increased sup-
port arises. The specialised tendrils
of the Virginian Creeper (Ampelopsis)
produce disk-like suckers which attach
the plant to any roughened surface.

Twiners

In the first type mentioned the whole
stem coils round some neighbouring
object. Generally speaking the twine
is in the opposite direction to the sun,
as for example, the Convolvulus;
The Hop and the Honeysuckle follow
it ; the Scarlet Runner Bean twines
from right to left, the Black Bryony
in the opposite direction, from left to
right.

Spines and Thorns

In certain plants, such as the Haw-
thomn, Sloe, Buckthorn, Wild Pear and
Wild Plum, some of the branches of
the stems are modified and terminate
in a hard sharp point instead of in a
bud or soft growing point. That such
thorns are modified branches is indic-
ated by the fact that they take the
place of buds, being formed in the
axils of the foliage leaves.

Spines

These outgrowths are generally
formed from a modification of theleaves.
The Holly and the Spear-thistle give
very good examples of this adaptation.
As in the case of thorns the spines serve
as a protection.

Prickles

On the Rose and Bramble stems
are found various outgrowths called

prickles. These do not occupy any
definite position, and by botanists are
given the general term “ Emergencies.”
The same term is also applied to hairs.
Generally the formation of thorns,
spines, prickles and hairs depends on
external conditions. Plants grown on
poor soil assume a more or less prickly
nature, but when the ground is rich, or
in a damp situation, plants assume
a less aggressive nature. A typical
example of this adaptation to conditions
is found in the Restharrow (Ononis
arvensis). On a poor dry soil the tips
of the leaves and the branches end in
hard, sharp points. When found in a
good, cultivated soil, the spines do not
develop.

The outgrowths, spines, thorns, etc.,
may be regarded as a means of protec-
tion from animals. When first formed,
the young leaves of the Holly have no
spines—especially noticeable is this at
the top of the tree. Gorse grown in a
cultivated garden for ornamental pur-
poses loses its spiny nature to a certain
degree,

Cladodes

Another modification of stems and
branches takes place in countries where
climatic changes are frequent. One
example of this specialisation will
suffice. The Butcher’s-broom does not
develop true branches. The assimi-
lating surface is the vertically flattened
branch, which becomes green and leaf-
like. The flowers arise in the axil of
a small scale leaf upon the cladode (or
modified branch).

The Vegetative Shoot

Returning to the Wallflower as a
starting point, it has been pointed out
that arising from the ground was a
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part known as the stem. In this case
it is erect and much branched. The
lower part, which is hard and woody,
is covered with scales of pale-brown
bark. The upper portions of the stem
and the branches are much softer in
texture, are covered with green and are
to some extent hairy (see Fig. 1). On
a close examination of the stem or a
branch, it will be found that the surface
is ridged lengthways. The fine ridges
run vertically along the whole length of
the stem and pass through the places
where the leaves are attached.

It is obvious that the lower parts of
the stem are the older. For a certain
distance from the ground there are no
leaves, but the scars can be plainly
seen, Higher up the leaves appear to
be withering, and higher still they are
green, fresh and of full size. As the
tip is approached the leaves get smaller
and smaller. Those at the tip cannot
easily be seen. The extreme tip is
known as the growing point; this
point, with the young leaves surround-
ing it, is called the leaf bud.

The growing point, which is of a very
delicate and tender nature, is protected
by the young enfolding lcaves, the
latter arising as outgrowths from its
external surface. The youngest leaves
are always nearest the stem which
bears them, the older ones being further
removed from it in regular order—that
is, in botanical terms, they arise in
acropetal  succession. Adventitious
leaves are never met with.

Buds

The stems and leaves of all flowering
plants arise from leaf buds, as indicated.
Buds may, therefore, be regarded as
embryonic or incipient shoots. It is
by their growth that all trees, which
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THE BUD OF A SYCAMORE.

The illustration indicates the scale leaves wh‘ich
protect the delicate growing point. The section
shows the folding of the leaves in the bud.
appear so bare in winter, become clothed

in green leaves in the succeeding spring.
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The relationship which buds bear to
leaves and stems produced by them can
best be observed in the development of
the terminal bud of a Sycamore or
Horse-chestnut. Buds which, when
formed, do not grow out into young
leaves must be protected during the
winter. On the outside of the Syca-
more bud will, therefore, be found a
series of scaly leaves which overlap
each other and protect and cover up
‘the very delicate growing point.

A section through a terminal bud
(Fig. 7) shows that within the protec-
tive scale leaves are ordinary leaves
arranged on a short rudimentary stem.
When growth commences, the inner
scale leaves grow for a time, but
soon die off, leaving scars where they
were attached to the twig. The
elongating stem, bearing the rudi-
mentary leaves, forces the latter out
from between the protective bud scales.
After a week or so the stem attains a
considerable length, the rudimentary
leaves unfold and grow out flat, in-
creasing in size as growth continues,

Generally the vegetative shoots of
all plants end in terminal buds, and not
only are buds present at the tips, but
on either side as well. These side or
lateral buds are formed where the leaf
bases and the stem join each other.
Such buds are termed axillary buds,
and the angles of the leaf bases are
called the axils. Usually only one bud
is formed in an axil, but occasionally
two may be present.

The first leaves of a bud, that is, those
which are outermost or lowest on the
stem, are generally rudimentary struc-
tures and differ in appearance from
those which unfold later. In shrubs
or trees this is quite apparent, but with
the primary bud of a developing seed

(plumule) or the buds of herbaceous
plants, this feature is not so prominent.

Scaly Buds

The term scale leaves has previously
been mentioned as a protective agent
to the bud of a Sycamore. Often such
protective scale leaves or scales are
more or less firm, tough structures and
provide an efficient covering for the
interior of the buds. The Ash, Syca-
more and Horse-chestnut and the
majority of trees show the develop-
ment of scales quite clearly. Buds
which are protected in this manner
are called scaly buds.

Naked Buds

In some instances buds are without
protective scales. In these cases the
rudimentary leaves surrounding the
growing point are packed very close
together. Examples of naked buds
are to be found in the Dog Wood and
Mealy Guelder Rose.

Leaf Buds, Flower Buds, Elc,

Such buds as the terminal buds of the
Wallflower and Sycamore previously
described develop into shoots bearing
foliage leaves. In the Wallflower and
all herbaceous plants a bud which pro-
duces stems and leaves is called a leaf
bud. In the Sycamore and trees or
shrubs the same development takes
place, but often the term Wood Buds
is used, since, from such buds new woody
twigs are formed. Many buds, how-
ever, on opening produce flowers only,
such buds being termed Flower Buds.
There are, however, buds which pro-
duce new stems and flowers ; these are
termed Mixed Buds. In the section
on School Gardens this latter type of
bud will receive more attention. Briefly
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stated now, buds which produce stems
and flowers are known as Fruit Buds
and are very important from a horti-
cultural point of view.

Branching of Stems

It will be noted in the Wallflower
that the stem or primary shoot has
arranged on it a series of appendages
known as leaves, and the same applies
to the lateral branches. The points
on the stem where the leaves are
attached are slightly thickened, and
are called ‘' nodes” or * joints,” the
lengths of stem between them being
called “ internodes.”

In the early stages of growth in most
plants the primary shoot or stem is
single, and may continue to grow as a
simple straight structure, with lcaves
only on it. Usually, however, the
buds in the axils of some of the leaves
produce secondary axes, and those
borne by the latter, tertiary, etc. The
total number of stems bearing leaves,
therefore, may become very large on a
single plant. This is especially notice-
able in trees and shrubs.

Indefinite Growth

In some plants and trees the ter-
minal bud of the primary axis con-
tinues to grow. Plants of this kind
produce branches which never attain to
the size of the main stem. This type
of branching is termed Racemose and is
typical of most trees.

Definite Growth and Cymose Branching

Often the terminal bud of a stem
produces a flower. In this case the
main axis ceases to elongate, and hence
its growth is said to be definite. The
lateral branches arising on a stem of

definite growth are usually few in
number and soon attain the same size
as (or exceed) the primary axis. Such
branching is known as Cymose and is
well indicated in the common Chick-
weed.

Sympodium

Frequently the growth of trees ap-
pears to be definitely of the type known
as Racemose. Often the terminal bud of
the primary axis is destroyed by wind,
frost, insect attacks or other means,
and further elongation is prevented.
A lateral bud, however, carries on the
upward growth. Similarly the ter-
minal bud of this secondary axis may
be destroyed, further growth taking
place by means of a lateral bud. The
whole shoot, however, although crooked
at first, may, as growth increases,
straighten out and ultimately appear
as an axis of the first order, as a
primary axis. The branches of the
Elm, Hazel and many other trees
appear straight andindefinite in growth,
but are often, in reality, Sympodia, the
terminal bud on each annual shoot
having a false axis, being formed by
the vigorous development of the highest
lateral bud.

Further examples of Sympodia are
to be found in the underground stems
of the Couch Grass and Solomon’s Seal
(Figs. 3 and 4).

Dormant Buds

On examining trees and plants, it
will be found that all buds formed
do not develop into leaves or shoots.
Some buds, which have been formed in
regular order in the axils of leaves,
remain in a dormant condition for
years and may ultimately die. On
the other hand, if through injury or
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other reasons the parts above the dor-
mant buds cease to function, they—
the *“ dormant” or ‘‘ resting "’ buds—
may burst into activity. The pruning
of fruit trees and Rose trees and the
lopping of the trees in the streets cause
the dormant buds to develop. In the
fields the grazing and mowing of
grasses promote the development of
buds and a consequent increase in the
leafy stems. The mowing of lawns and
consequent increase in the thickness of
the sward is another result of dormant
bud activity.

Adventitious Buds

Under certain conditions buds may
arise at any point on a plant, on the
stem or even upon the roots and
leaves; such buds are termed Adventi-
tious Buds. When the stems of a
Rose tree have been cut down, adven-
titious buds are produced on the roots,
and these give rise to the new shoots.
Further examples are met with on the
roots of the Docks, Poplars, etc., when
the upper bud-bearing stems have been
removed.

In the classroom it is possible to
produce new Hyacinth or other bulbs
by planting the scales in soil. Adven-
titious buds are formed at the base of
the scales, these ultimately becoming
new bulbs.

Leaves

It has been previously pointed out
that the lateral appendages of the
stems are called leaves, and in all
cases these arise from buds. In the
Wallflower it will be noticed that no
two leaves arise at the same level;
each leaf is placed a little higher or
a little below its neighbours. The
leaves, therefore, in this case are said

to be alternate. With a more detailed
examination it will be found that the
leaves are arranged in a spiral. A line
connecting the bases of the leaves will
be found to ascend from right to left.
If the leaves are counted carefully
in an upward direction, not counting
the one we start with, it will be
found that the fifth leaf comes exactly
above the uncounted one. In order to
reach the fifth leaf it will be found that
the spiral has passed exactly twice
round the stem. (For a beginner it
is best to insert pins in the bases of
the leaves and find the spiral by
means of cotton wound round each
pin in turn.)

This arrangement is often expressed
in the form of the fraction § The
denominator indicates the number of
the leaf which comes directly above
the starting point; the numerator
denotes the number of times the spiral
passes round the stem. In the Wall-
flower each leaf 1s attached to the
stem at a node by a narrow base.
There is no distinct stalk, but the body
of the leaf narrows near the Dbase,
broadens out quite gradually for about
two-thirds of the whole length and
narrows again to a pointed end. The
leaf, therefore, consists of two parts,
the base and blade, or lamina. In the
majority of leaves a third distinct part
is present. This is formed between
the base and the blade, being known
as the leaf stalk or petiole. When the
petiole is absent, as in the case of the
Wallflower, the leaf is said to be Sessile
(Fig. x).

In some cases the base of the leaf
is not clearly distinguished from the
petiole ; in other cases, for instance
the Buttercup, Nasturtium, etc., it is
well developed and forms a sheath,
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THE SHAPE OF LEAVES.

The fllustrations given show how leaves can be described. Numbers 3, 4, 5 and 8 give the terms used to denote
the type of leaf margin., For example: “ Ovate Serrate ™ : the first term denotes that the leaf is oval in
outline, the term '* serrate " bewng applicd to the saw-edged margin
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In grasses the sheath often completely
encircles the stem.

Leaves are generally flattened struc-
tures, and with the exception of those
known as floral leaves, usually have
buds in their axils. They differ from
stems and roots, for after reaching a
definite size their growth ceases. The
lamina, in all cases, is the most con-
spicuous part of a foliage leaf, and there
are several points of note in its general
outline, margin, apex and venation.

Stipules

Frequently the sheath bears wing-
like outgrowths. In the Rose, these
outgrowths from the leaf-sheath are
membranous. The Pansy shows out-
growths of a green leafy structure. In
each case such structures are called
Stipules. These outgrowths of the
sheath are to be found also on the very
young leaves of Apple, Lime and Beech.
As the leaves unfold they fall off. In
some types of Peas, especially Lathyrus
aphaca, the stipules act as ordinary
green leaves; the leaves proper are
modified to form tendrils.

Venation

Net Venation

The substance of a leaf is transversed
by a number of woody strands which
are termed nerves or veins. (These
differ in structure and function from
the veins of animals.) The arrange-
ment of the veins is an interesting
point, and the venation of the leaf
calls for keen observation. In some
leaves, as, for example, the Wallflower,
the veins form a network of strands
within the leaf, and this arrangement
is called Reticulate or Net Venation

(Fig. 1).

TEACHING
Pinnate

In this type two divisions are to be
found. Sometimes, as in the Wall-
flower, the leaves have a central strand,
or mid-rib, which is much more pro-
minent than those given off from it.
Further examples of this type can be
seen in the leaves of the Oak, Spanish

Chestnut, Lime, Elm and Beech. Such
leaves are said to be Pinnate.

Palmate

The other division is quite distinct.
Each leaf has several strong strands
which start from the base of the blade
and spread across to its margins like
the fingers of an outstretched hand.
The 1vy, Sycamore, Vine and Currant
leaves are typical examples of this type
of venation, which i1s known as Palmate.

Parallel Venation

Ingrasses, and in the Hyacinth, Onion
and Snowdrop, etc., the veins or chief
strands run parallel to each other from
the base of the leaf to the tip. This
type of venation is known as Parallel
Venation (Fig. 6).

Forms of the Lamina (Fig. 8)

The outline of the blade of the leaf
may assume almost any geometrical
figure. That of the Wallflower as-
sumes the shape of a lance-head, and
is known as Lanceolate. A leaf long
and narrow, as in the case of grasses, is
termed Linear. The Daisy is an ex-
ample of a spoon-shaped leaf, to which
the term Spatulate or Spathulate is given.
Another shape, not so well known, is
that of the Wild Arum or Cuckoo Pint
(Arum maculatum). This is termed
Saggitate. Another example of this
type is to be found in the Arrowhead.
The Ground Ivy is an example of a
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kidney-shaped leaf, and is called
Reniform.

When the Lamina is widest near its
base and the projections are rounded
on either side, as in the Dead Nettle,
the term Cordate is applied. The
Honeysuckle is an example of an Ovate
leaf. The apex is somewhat pointed,
but the base of the leaf is rounded.
The leaves of the Nasturtium and
Wall Pennywort are symmetrical and
rounded. This type of leaf is termed
Orbicular or Circular.

Edge of Lamina

The edge of the Lamina is a special
feature. In the Wallflower and Privet
it is Entire. Some leaves are indented
with small or large incisions. Leaves
having margins like the teeth of a saw
are Serrate. Such indentations are
seen in the leaves of the Rose, Willow,
etc. When the small teeth stand at
right angles to the edges, then the edge
of the leaf is termed Dentate. In some
leaves, the edges have semi-circular
prominences: in these instances the
term Crenate is applied. This type of
indentation is well illustrated in the
Geranium,

In certain leaves, the indentations
run deeply into the leaf tissues. The
leaves are then spoken of as Lobed
(fid) or Parted (partite) or Dissected
(sect) as the divisions reach about
one half, three-quarters or nearly the
whole way down towards the mid-
rib. As the indentations generally
follow the direction of the main vein
of a leaf, there are two types of lobed—
partite and dissected—Ileaves, those of
pinnate leaves being described as
pinnatifid, pinnatipartite and pinnati-
sect, and those of palmate leaves
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as palmatifid, palmatipartite or pal-
matisect.

Compound Leaves

So long as the divisions of the Lamina
do not reach to the mid-rib, the leaf is
described as simple. When, however,
the partitions are such that the leaf
appears to consist of several distinct
blades, it is then compound, and the
separate parts are described as leaflets.

Compound leaves are met with in
the Ash, Rose, Pea, etc., and in these
are described as pinnately compound.
Compound palmate leaves are met
with in Clover, Horse-chestnut, Lupin,
Meadow Cranebill, etc. A compound
leaf can be readily distinguished from
a stem bearing leaves if it is noticed
that the blade or leaflets do not possess
axillary buds. Such buds are formed
only at the base of the whole leaf.

Leaves and their Modifications

Often structures are met with on the
stems of plants which, although not
possessing all the parts of a foliage leaf,
may be regarded as modified leaves by
reason of their origin and position and
because they usually have buds in their
axils. These modified leaves are given
special names according to their posi-
tion on the stem or according to their
texture, colour or other peculiarities.

Cotyledons or Seed Leaves

In the seed are found structures
which bear a superficial resemblance to
leaves. They are outgrowths from the
axis of the embryo plantlet contained
in the seed. If two of these modified
structures are found, the embryo is
termed a Dicotyledon ; if one only, the
term Monocotyledon is applied. In the
Bean and Pea the cotyledons merely
act as storehouses for the food upon
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which the seedling or embryo depends
for its early growth. In other seeds,
the cotyledons may come above the
ground and function as absorbing
organs, as in the case of the Castor
Oil, Lupins, Sunflower, Mustard and
Cress. Such leaves are always much
more simple in form than ordinary
foliage leaves. In the Scarlet Runner
Bean the cotyledons remain under-
ground and the first two foliage leaves
are of a simple structure; the subse-
quent leaves, however, are compound.

In cereals and grasses generally the
cotyledon acts as an absorbing organ,
using up the endosperm or reserve food
material of the seed and transferring
it to the growing point of the young
root and shoot.

Scales

Leaf-like structures, usually small
sessile, generally coloured brown, white
or yellow, are often met with. They
possess no green colouring matter and
hence take no part in the assimilatory
process, On the stem above-ground,
these scales, modified leaves, are pre-
sent as a protection to the inner parts
of the buds on trees and shrubs. Scales
are always present on the underpround
stems of plants such as the Couch Grass
and Potato. In this case they are
small, colourless and of a membranous
nature. The leaves of a resting bulb
are large scales, some of which are thick
and fleshy and stored with food.

Bracis

Leaves which occur upon the stem
at points where the flower arises are
termed Bracts. This term is most
strictly applied to the leaf member
which subtends a lateral axis, and is
of great importance when the lateral
axis is directly terminated by a flower.

In some plants they cannot be dis-
tinguished from the foliage leaf except
by their position. The bracts sur-
rounding the flowers of grasses are
termed Glumes. In the Arum Lily,
the Iris, Narcissus and Snowdrop a
large bract encloses the whole flower
or inflorescence (collection of flowers)
and is termed a Spathe.

Prophylls

Each lateral shoot arises in close
connection with a subtending leaf;
that is, in the axil of a bract, the first
two leaves come to lie more or less
transversely so that they fill the space
left vacant on the flanks. These two
leaves are termed Prophylls, and on a
vegetative shoot they are usually
smaller than the subsequent ones.
The two prophylls are usually the only
vegetative leaves on the axis of a
floral shoot, and are very conspicuous
on the flower stalk of the Pansy.

Spines and Thorns

Sometimes leaves are modified to
serve in a protective capacity. In this
case they are modified into sharply
pointed structures known as spines or
thorns. This modification is well illus-
trated in the Barberry, the position of
the spines clearly showing that they
take the place of leaves on the stem.
In Gorse the spines may be either
modified leaves or branches.

Floral Leaves

Although the flower of a plant
appears different in many respects
from the ordinary stem and leaves of
a plant, it is in reality a form of simple
stem or a shoot with leaves upon it.
The whole of the leaves, however, have
been modified to serve the purpose of
seed production,
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The leaf-like structure of the sepals
and petals will be fairly obvious; a
so-called double flower also gives the
general idea of leafy structure. A
flower is essentially equivalent to a
shoot with very short internodes. It
occupies the position of a shoot either
at the apex of a stem or in the axil of
a leaf. The various parts of a flower,
the sepals, petals, stamens and carpels,
occupy the position of leaves upon the
axis of the flower. They are the lateral
appendages of the axis or receptacle,
and are termed floral leaves. This is
a typical example of the modification of
organs to perform a definite function.

The Flower

On the Wallflower the branches
which bear the flower are exactly
similar to the ordinary vegetative
branches. They arise in the axils of
leaves and for some time bear leaves
themselves. The production of leaves,
however, soon ceases, and from this time
flowers only are formed. Hence each
single flower may be regarded as a
modified branch, the leaves of which
differ greatly in arrangement, colour
and structure from ordinary vegetative
leaves. It will be noted from the above
that in the Wallflower the flowers do
not arise in the axils of leaves, {or there
are no leaves on the part of the plant
which bears them. This variation is
characteristic of the Crucifere Family,
to which the Wallflower belongs. In
most plants, however, the flowers are
borne, like other branches, in the axils
of leaves.

Inflorescence

In the Wallflower the flowers are
bo‘rne laterally on a main axis which ter-
minates in a bud. From the bud new

oo

SECTION  THROUGH WALLFLOWER

FLorRAL DIAGRAM OF WALLFLOWER

THE FLOWER.

In the section, note that the ovary occuples the
highest position on the receptacle. The position of
the nectaries is of considerable importance (see text).

flowers are formed as long as growth
continues. The youngest flowers,
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therefore, are those nearest the top.
The manner in which flowers are borne
on a stem is termed the Inflorescence,
hence an inflorescence of this kind is
known as indefinite. The flowers are
also found to be borne on short stalks,
hence to describe the flowering axis
of a Wallflower the term Raceme is
used. A Raceme is an indefinite in-
florescence with a single main elongated
axis bearing stalked flowers.

Parts of a Flower

On dissecting a single flower, there
are certain points worthy of note. The
stalk (or pedicel) is quite bare, all the
floral leaves being crowded together at
the tip, the enlarged end of which is
termed the receptacle or thalamus.

It will be found that the floral leaves
are not arranged spirally, like the
ordinary leaves of the stem, but two
or more grow at the same level (see

Fig. 9).

Sepals and Calyx

On the outside of the flower are four
narrow leaves, forming an outer and
an inner pair, placed at right angles
to each other. These are not inserted
at the same level, one pair being
nearer to the centre of the axis than
the other. Each leaf is called a Sepal,
and together they form the part called
by the botanist the Calyx. As the
sepals are quite separate, the calyx is
said to be polysepalous.

Petals and Corolla

Inside the calyx will be found four
floral leaves, inserted at the same level
and forming a ring, or whorl. These
are the most conspicuous parts of the
flower (the colour varies greatly, from
a pale yellow to a blood red), and are

called the petals. They alternate with
the sepals at their bases, the middle
of each petal coming exactly opposite
the space between two sepals. Each
petal is narrowed at its base, tapering
like a stalk, and at the upper part is
broad and rounded. The petals col-
lectively are called the Corolla, and since
the petals are separate, like the sepals,
they are termed polypetalous.

Both the sepals and petals are veined,
but not in such a conspicuous manner
as the leaves. Generally the venation
is reticulate in character.

Perianth

In speaking of the outer envelope of
the flower, which generally consists of
the two series of leaves forming the
calyx and corolla, the term perianth
is often applied. These parts may be
considered as the non-essential parts of
the flower.

The Andrecium—Stamens—Filament

and Anther

The organs of the flower so far con-
sidered bear obvious resemblances to
the leaves. The next Whorl or ring of
the Wallflower, however, is made up
of bodies which, at first sight, are not
at all leaf-like. Each one consists of
an clongated thread-like portion—the
filament-—surmounted by a swollen,
thicker part termed the Anther. The
anther consists of two somewhat elon-
gated halves or lobes which are usually
situated on opposite sides of the upper
part of the filament uniting the anther
lobes. Briefly stated, the anther lobes
may be considered as the two halves of
a modified leaf, the mid-rib of which
forms the filament and the connective,
the part of the filament between or
connecting the lobes.
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Running lengthways in the interior
of each lobe are generally two cham-
bers named pollen-sacs, within which
pollen is produced in the form of loose
round or oval pollen grains. In the
young state the pollen is completely
enclosed in the anther lobes, but in a
longer or shorter time after the opening
of the flower, the partition between the
pollen-sacs is ruptured and the anther
lIobes open by longitudinal slits along
the line of union of the two sacs, the
pollen grains being set frce in the form
of dust-like powder. The anther and
filament form one complete organ,
which is termed the Stamen. The col-
lection of Stamens in a flower is called
the Andrecium.

In the Wallflower the Andraciom
consists of six stamens, four of which
are longer than the other two. The
two shorter stamens stand on either
side of the flower, and each is placed
just between two of the petals and
immediately opposite the innermost
sepals. The four longer stamens are
slightly farther in, each pair (joined at
the base of the filament) standing be-
tween two petals and just opposite the
two oufer sepals (sce I'loral Diagram,
Fig. o).

Nectaries

On the insides of the bases of the
shorter stamens are two large green
sacs called honey glands or nectaries.
The filaments of these stamens are bent
slightly outwards to make room for
them. This bulging is shown in the
lateral sepals, and can be easily ob-
served.

Gynaceum or Pistil

The centre of the flower is occupied
by a further modification of a vegeta-
v—3

SECTION T™HROUGH Dean NETTLE

THE. DLAD NETTLE.

A zygomotphic flower. The fruit consists of four
* nutlets,”

tive leaf. This is merely a cylindrical
hollow green body, tapering a little
towards the top and surmounted by
a forked outgrowth., The latter is
called the stigma; the lower, thicker
part, which is more than three-quarters
of the whole length, is the ovary, and
the short, tapering portion between the
stigma and the ovary is the style.

The floral leaves of which the pistil
is composed are termed carpels. The
ovary is divided lengthwise into two
compartments by a membrane called
the septum. The two carpels are so
placed as to be opposite the two inner
sepals. Inside the ovary are the im-
mature seeds or ovules. They are
attached to the walls of the ovary
adjoining the septum; the point of
attachment is termed the placenta.

With careful study it will be noted



34

that a carpel may be considered as a
leaf which has been folded along the
mid-rib and united along its edges.
The pod of a Pea or Bean is an example
of a single carpel forming the ovary ;
in the Wallfiower the septum repre-
sents the fused walls of two carpels.
In the Pea the line corresponding to
the united edges of the leaf is known
technically as the ventral suture, and
it is along this line that the ovules
are borne in a double row, onc corre-
sponding to each edge of the leal.
The line corresponding to the mid-rib of
the carpellary leaf is called the dorsal
suture. In the Wallflower, the carpels
have fused, a dorsal of one with the
ventral suture of the opposite carpel.
Hence the ovules are attached in pairs
on the opposite sides of the ovary.
Before the ovules develop into secds,
the pollen must be transferred from
the anther to the stigma (not neces-
sarily from the same flower). When

T

SECTION THROUOH PriMROSE

THE THRUM-EYED PRIMROSE.

An example of & hypogynous flower. note the
positions of the stamens and stigma,
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this has been done, the change known
as fertilisation takes place. Pollina-
tion and fertilisation will be dealt with
in a general manner later.

Arrangement, Symmetry and Number of
Floral Leaves

Cyclic

In the Wallflower it has been pointed
out that all the floral leaves are
arranged in rings or whorls on the
receptacle. In flowers of this type
the arrangement of the floral leaves
is spoken of as Cyclic.

Acyclic

In other instances the floral leaves
are arranged in the form of a spiral,
such arrangement being termed Acyclic,
examples of which are to be found in
the Water Lily and Christmas Rose
(Helleborus niger),

Hemicyclic

In the flowers of members of the
Buttercup family (Ranwunculus) the
sepals and petals usually form whorls,
but the stamens and carpels are ar-
ranged in a close spiral. Such flowers
are spoken of as Hemicyclic.

Regular and Irvegulay

The members of each whorl in the
cychc flower of the Waliflower are
alike in shape and size. Such a flower
is regular, while those of the Pea,
Violet, etc., where some of the petals
are much larger than the rest, are
spoken of as being irregular.

Actinomorphic

All flowers which can be divided into
two equal and similar halves by a
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plane passing through the axis of the
receptacle are symmetrical. Regular
flowers like the Wallflower can usually
be divided into two halves by planes
passing through the axis in several
directions. Such flowers are designated
actinomorphic flowers, and excellent ex-
amples are found in the Poppy, Chick-
weed and Primrose,

Zygomorphic

Flowers which can only be cut into
halves in one direction are termed
zygomorphic, and such examples are
to be found in the Pea, Gorse, Dead
Nettle and Foxglove (Fig. 10).

The Receptacle
Hypogynous—Superior

In the Wallflower the receptacle is
a more or less conical-shaped axis, the
whole of the floral lcaves being arranged
on it in successively higher levels, the
gynaceum or pistil occupying the
highest and the calyx the lowest re-
spectively. Flowers which, like the
Wallflower, have the corolla and an-
dreecium inserted on the receptacle at a
lower level than the gynwmceum and
free from the latter are termed Hypo-
gynous Flowers and the ovary is said
to be superior. Further examples of
this arrangement are to be found in
the Poppy, Primrose, Chickweed and
Buttercup. (Figs. 9, 11 and 12.)

Perigynous—Superior

In some flowers the apex of the
receptacle ceases to grow at an early
stage, but the parts below grow up
all round it, forming a hollow basin or
urn-like structure on the edge of which
the perianth and stamens are arranged.

SECTION  THROUGH HYACIN™
ENLARGED

THE HYACINTH.

All floral members are arranged in groups of three,
The ovary is tricarpellary.

Tlowers of this type, which are found in
the Rose (Rosa canina), the Plum,
Blackberry, Agrimony, etc., are de-
scribed as perigynous. The gynaceum
is still superior, for the bottom of the
hollow receptacle is the apex of the
floral axis. (Figs, 13, 14 and 15.)

E pigynous—Inferior

In the Apple, Pear, Snowdrop and
Daffodil the receptacle appears to be
hollowed out, as in perigynous flowers,
but the carpels, instead of being free, are
fused with the receptacle. In such
flowers the sepals, stamens and anthers
appear as if they were outgrowths of
the upper gynaceum, although in
reality they spring from the receptacle,
which has become united with the
carpels. ln cases similar to the above
the flowers are described as Epigynous
and the ovary as snferior. (Figs. 16,
17 and 18.)

PR
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SeECTION THRoucH BLACKBIRRY
(Arver GOM)

THE BLACKBERRY.

The fruit is a collection of drupels compare with
the Raspberry and Loganberry.

Gynzceum
Apocarpous

The gynzceum may consist of
separate carpels, as in the case of
the Buttercup, Clematis and Larkspur.
When the carpels are free they are
said to be Apocarpous.

Syncarpous

Frequently, however, the carpels are
fixed or completely united to form one
ovary. In this case the styles are
usually fused, but the stigmas remain
free. Fused carpels form a syncarpous
ovary. The ovary thus formed by the
fusion of the carpels may contain only
one cavity or loculus and is termed
unilocular. When, however, the edges
of the carpels meet in the middle of an
ovary, the united parts forming par-
tions dividing up the common ovary
into several cavities, such ovaries are

spoken of as multilocular, and each
cavity corresponds to a single cavity.

Monoclinous and Diclinous Flowers

When the essential parts of a flower,
that is the Andreecium and Gynsceum,
are present in the same flower, as in
the Wallflower, Primrose, Buttercup,
the flower is described as monoclinous ;
the terms hermaphrodite or perfect
are sometimes used in this connection.

When, as in the flowets of the Hazel
and Willow, one or other of the essential
parts is missing, the flower is described
as diclinous or imperfect. Sometimes
those which have the anthers only are
described as Male Flowers or Staminate
Flowers, those bearing the Pistil being
known as Pistillate, Female or Car-
pellary Flowers.

Monecious and Dicecious

When both types of diclinous flowers
are met with on the same plant, as in
the Hazel, the plant is described as
moncecious.  In Willows and Poplars,
however, the two kinds of diclinous
flowers ate found on separate indi-
viduals. In this case the plauats are
known as diecious.

The Inflorescence

In many plants, as, for example, the
Popp,, Buttercup and Tulip, the
flowe1s are borne singly and terminally
at the end of the main axis or singly
and terminally on lateral axes in the
axils of foliage leaves, as in the Scar-
let Pimpernel and Speedwell. Such
flowers are termed solitary. Generally,
however, flowers are grouped more or
less compactly together on a special
shoot or axis, as in the Hyacinth, Fox-
glove or Wallflower., Such a flower-
bearing axis is termed an Inflorescence,
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The axis of the inflorescence is called
the peduncle or rachis, the individual
flower stalks, when present, as in
the Wallflower and Hyacinth, being
termed the pedicels; the leaf-like
structure in the axils, on which the
pedicels of some flowers are borne, are
designated bracts. Occasionally other
leaf-like structures appear on the
pedicels, these being known as brac-
teoles or prophylls. There is a great
variety of forms of inflorescence met
with showing differences in the manner
of branching, length and thickness of
the axes, etc. The inflorescence, how-
ever, generally follows the mode of
branching exhibited by the stem,
whether this be monopodial (racemosc)
or sympodial (cymosc), yet there are
various other considerations which help
to modify and complicate it.

Racemose Inflorescence

In the Wallflower, Foxglove and
Antirrhinum the main axis or peduncle
is elongated, so that there are well-
defined internodes between the flowers,
and each floret has a pedicel.  Such an
inflorescence is termed a Raceme.

Flowers which have no pedicels and
are sessile on the peduncle are known as
Spikes. This type of inflorescence is
well represented in the Iorse Mint,
Spear Mint and the Plantain. A Cai-
kin is a spike bearing unisexual flowers
of one kind, as for example the Hazel
and Willow.

Umbel

In some instances the peduncles are
very short, so that the pedicels of the
flowers are crowded together. When
the peduncle or main axis is extremely
short, the internodes also being short,
this type of inflorescence is termed an

Umbel. This is well exemplified in the
Cowslip.

Capitulum

When the peduncle is reduced, as in
the umbel, and the florets are sessile
(without pedicels), the term Capitulum
is applied. Examples of this type of
inflorescence are well known, the
common Field Daisy, Dandelion,
Groundsel, etc., being excellent repre-
sentatives.

Cymose Inflorescence

In some flowers the main axis ter-
minates in a single flower, and hence the
growth of the peduncle ceases. If
other flowers arise upon the axis, they
must spring from lateral axillary buds
below the apex. Usually each axis
of this description bears one, two or a
few branches only, which grow vigor-
ously and soon overtop the main one.
Such lateral branches may terminate in

Sccnon THRouan Rose
(arrer GDH)

THE DOG ROSE.

Note that the carpels are nnt fused with thereceptacle.
The fruit is called a *“ Hip."”
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SECTION THROUOH NARCISSUS
from NATURE

THE NARCISSUS.

This flower, like the Daffodil. has a corona. The
receptacle and ovary are fused, the ovary bemng
infenor.

plants—Poplar, Willow, Hop, Dog’s
Mercury, etc.

Monoclinous Plants

The staminate and carpellary organs
are borne on the same plant and on the
same shoot as in the case of the Hazel,
Ash and Oak. Although, however,
monoclinous flowers may be in close
proximity to each other, they frequently
do not ripen together.

Protandrous Flowers

In this section two types of plants
are met with. The anthers of many
flowers ripen and shed their pollen
some considerable time before the
stigmas are in a suitable condition to
receive it. Such flowers are spoken of
as protandrous and are quite common.
Examples are met with in the Daisy,
Dandelion, Dead-nettle, Bean, Vetch,
Parsley, Carrot, Fool’'s Parsley, Peas,
and in fact practically all members
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of the plant families Composite, Legu-
minosa, Umbelliferse, and Labiatz.

Protogynous Flowers

Flowers whose stigmas ripen before
the anthers scatter their pollen are
less common. These are termed proto-
gynous. Examples, however, are met
with in the Apple, Pear, Plantain, and in
several meadow Grasses, such as the
Foxtail and Sweet Vernal Grass, Rushes
and Figwort,

In the Wallflower a special adapta-
tion is found, The two shorter stamens
dehisce and scatter their pollen before
the stigma is ready to receive the grains.
A Bee visiting the flower in search of
the nectar at the base of the two short
stamens rececives pollen on its head.
When the Bee flies to another flower
it is sure to deposit some of the
pollen on the stigma as it enters the
flower. When this happens, cross-
pollination is effected, that is, the
stigma of one flower receives the pollen
of another; this may be between the
flowers of the same plant or between
the Howers of different plants. If this
does not take place, however, the
pollen from the long stamens, which
ripen later and rise above the stigma,
is sure to fall upon the stigmas when
they are in a receptive condition.

In other monoclinous flowers, in
which the anthers and stigmas ripen
simultaneously, the distance apart and
their relative position are often such
that self-pollination is wuncertain.
Adaptations of this class are met
with in the Thrum-eyed and Pin-eyed
Primrose and in the Cowslip.

External Agencies in the Transference of
Dollen

Pollen grains have no power of move-
ment, hence for cross-pollination ex-
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ternal agents are essential for the
transference of pollen from flower to
flower. The chief agencies in the work
are the wind, insects (Moths, Butter-
flies, Bees, etc.) and occasionally water.

Wind Pollination

Plants which are pollinated by the
wind exhibit several special charac-
teristics, such as the absence of
nectaries, abundance of pollen, small
greenish, scentless flowers, large,
exposed and much-branched hairy or
feathery stigmas and freely exposed
anthers hanging out of the flowers so
that the wind can casily carry the
pollen away. In these instances there
is always a great waste of pollen;
thousands of grains are produced, only
one of which may fulfil its function.
The Grasses, Poplars and the Hazel
are typical examples of wind-pollinated
flowers (hay fever is caused by the
irritation set up by the pollen of Grasses
on the mucous membrane of the nose
and throat).

Water pollination is rare and need
not be dealt with in schools.

Insect Pollination

Flowers which are insect pollinated
do not all conform to rules. In certain
cases, for example the Violet, Dande-
lion, Dead-nettle, Foxglove, Pansy and
Wallflower, there are many common
features, They are all scented and
have large conspicuous perianths, the
scent and colour evidently being
important for insect attraction. In
flowers of this type glands termed
nectaries are present. These secrete a
sweet juice—nectar—which insects use
as food and which Bees change into
honey. Generally flowers having nec-
taries produce only a relatively small

amount of pollen. However, some
types, for example the Buttercup and
Poppy, although possessing nectaries,
also produce a large amount of pollen.
Insects use the pollen from these
flowers for food, and hence Nature has
provided sufficient pollen to make up
for that used as food.

Bees and insects are very methodical
in their visits to flowers, and often
confine their activities to a particular
kind of flower for several hours at
a time. In this connection it may be
useful to refer to Bee-keepingand Honey,
The honey collected during the early
spring is of a light colour and is some-
times known as Lime Honey. That
secured at a later time, when the Clover
is in flower, is of a darker texture and is
consequently known as Clover Honey.

It must not be supposed, however,
that Bees are aware of their particular
value to the types of flowers they visit,
One might reasonably consider that on

- ~
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SECTION THROUCH SNOWOROP
FROM NATURE

THE SNOWDROP.

The sepals are petaloid. Note the green tips of the
netals. The ovary is inferior and tricarpellary.



42 MODERN TEACHING

finding a particular type of flower with
easily obtainable nectar, the insects,
whose sense of smell and vision is
highly organised, seek out similar
types for their visits. This question
is one which might be taken up as an
intensive observational study by an
interested teacher of Nature Study.

From the purely matter-of-fact
point of view plants require the ser-
vices of insects for the transference of
pollen from the anthers to the stigmas,
and in return for this service they
sacrifice a certain amount of their
nutrition in order to provide the nectar
and pollen which insect visitors require
as food.

Among the insect visitors Beetles,
Bees, Flies, Wasps, Butterflies and
Moths are included. Generally Butter-
flies and Moths have very long sucking
organs or proboscides, 5 to 8 cm. or more
in length. These insects, therefore, are
able to obtain nectar from flowers
having long tubes, such as are found in
the gamopetalous flowers. Pinks, Car-
nations and Campions are visited by
Butterflies, whose long length of pro-
boscides enables them to secure the
nectar from the base of the flower.

Beetles and Flies are not so highly
organised in some respects as the
Butterflies and Moths. These gener-
ally have much shorter proboscides
or else short licking tongues. Open
flowers, such as the Lesser Celandine,
Buttercups, Poppies, Ivy, etc., whose
nectaries are easily accessible to short-
tongued insects, are visited and pollin-
ated chiefly by this class of insect.

Wasps and the smaller Bees have
short licking tongues, and hence can
only obtain their food from flowers
with exposed nectaries. Sometimes
Wasps, with their strong jaws, bite

away the petal-tube in order to obtain
the nectar,

The Hive Bees have long tongues
which have developed into suctorial
organs. These insects have retentive
memories and show considerable in-
telligence in their search for nectar.
The Humble-bee is probably the most
valuable insect so far as the agricul-
turist is concerned; with its long
proboscis it is able to search for honey
in the flowers of the Clover. Its
weight is an asset in this type of
inflorescence, and it is mainly through
the intervention of such Bees that
Clover seeds are produced.

The Honeysuckle or Wild Woodbine
is a flower needing an insect with a
specialised proboscis. The night-flying
Privet Hawk Moth visits the Honey-
suckle for its fuod, and in return, carries
out the work of pollination.

Many flowers, like the Honeysuckle,
have become so highly specialised that
they can only be pollinated by a cer-
tain type of insect visitor, This leaves
such flowers open to the risk of never
securing cross-pollination. The open
flower, such as the Buttercup, can be
either self- or cross-pollinated by almost
any insect of moderate size, whereas
highly specialised flowers and those
adapted for the visits of Bees, Butter-
flies and Moths are generally con-
structed in such a manner that the
nectar can only be obtained when the
insect visits the flowers in a particular
manner. In the Dead-nettle and Pea
familics one or more petals form a
platform on which the insect must
alight ; the remaining petals enclose
and protect the essential organs. The
weight of the insect’s body, if of the
desired type, and its efforts to enter
the flower may bring the anther or
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stigma into contact with the visitor’s
body. In the flowers of the Pea and
Scarlet Runner Bean, it is the under-
surface of the insect which comes into
contact with the anther and stigma,
while in the Foxglove, Antirrhinum,
Sage and Dead-nettle the back of the
insect is the pollinating agent. This
arrangement for specialisation in pollen
transference certainly avoids unneces-
sary waste of pollen, and the delicate
sexual organs are placed in a position
of greater security from adverse climatic
conditions.

As a rule creeping and crawling
insects areunwelcome visitorsto flowers.
Certain types of flower, however, ex-
hibit arrangements for the accom-
modation of such insects. The Arum
(Lords and Ladies) shows this special
adaptation. On the flowering axis
inside the spathe are a number of hairs
placed in a downward-oblique direc-
tion. Small creeping insects pass the
hairs quite easily in their search for
food, but their exit is prevented by the
hairs., The anthers dehisce their pollen
some time before the stigmas are
ready. This falls on the entrapped
insects, In their struggles to escape
the insects transfer the pollen to the
ripening stigmas, after which the hairs
lose their stiffness. In this way the
Arum and its allies secure auto-pol-
lination or a type of self-pollination
(Fig. 19).

Self-pollination is very common,
especially in flowers whose anthers and
stigmas mature at the same time. In
other types, for example the Dande-
lion, provision is made for cross-pol-
lination in the first place, and arrange-
ments are made for self-pollination as
a last resource. During development
the sticky faces of the two-lobed stigma

STUDY 43

SECTION THROUGH ARUM

THE ARUM.

The mforescence is another example of organs modi-

fied tu perform a definite function. The stigmas of

the sterile Horets umprison insects until pollination
has been effected.
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are closed. The anthers dehisce their
pollen towards the style, which, in its
growth upwards and towards the
anthers, becomes coated with pollen.
The stigma opens, exposing the two
lobes for the reception of pollen. If
this is not forthcoming the lobes curl
over until their receptive sides come in
contact with the pollen on the style.
Hence self-pollination 1is effected

(Fig. 20).

Fertilisation and the Fruit

The flowers of plants ultimately give

place to the fruits. This is brought
about by a physiological process known
as fertilisation, the details of which
cannot be appreciated by the children
in our schools. The teacher, however,
should know the details of this process,
and such can be obtained from any
good textbook on botany.

Briefly stated, the process of fertili-
sation is the union of a certain portion
of the contents of a pollen grain with
a minute structure called the egg-cell,
which forms part of the interior of the
ovule. From the union of these two
parts an embryo or young plant de-
velops within the ovule, the first leaves
of which form the cotylednns or seed
leaves. During the process of npening,
the cotyledons become pucked with
reserve food material, and 1n course of
time the ovule becomes ** 4 sced.”

For the guidance of the young
Nature-Study teacher a few of the
details follow. The ovule is a small
oval body attached to the carpel by a
stalk called the funicle ; in some cases
it is sessile or has no stalk. It consists
of a mass of thin-walled tissue termed
the nucellus, surrounded by one or
two coats culled integuments. When
young the nucellus s nakcd, Lot later
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a pair of ring-like outgrowths arise
from the funicle and grow up around
the young ovule, leaving only a tiny
pore of micropyle exposed at the apex
of the nucellus. In the latter, quite
near to the micropyle, is a clear oval
space called the embryo sac which
contains the female germ cell, together
with other structures (Fig. 21).

The pollen grain is at first a single-
celled body covered by a double cell
wall.  When ripe its contents divide
into two, a small “ reproductive cell ”’
and a larger *‘ vegetative cell ”’ (Fig. 22).
These cells, however, are not divided by
a definite cell wall and are not well de-
fined.  When a ripe pollen grain falls on
a suitable stigma it 1s said to germinate.
The outer wall breaks and the inner
wall grows out to form a tube which
penctrates the tissues of the style until
it reaches the ovary.  In some wonder-
ful manner the pollen tube is attracted
by the micropyle of an ovule, Here it
passes through the apex of the nuecllns
and comes into contact with the
embryo sac.  The living contents have,
meanwhile, been slowly moving down
the pollen tube, and eventually pass
into the embryo sac.  Here the repro-
ductive cell fuses with the largest of
three cells, which form the egg appara-
tus. This fuston of a single male cell
with a single female cell is known as
fertilisation

After this union rapid division takes
place.  The embryo is formed with its
vne or more cotyledons., What were
the integuments of the ovule become
the testa of the sced, which develops
gencrally into a comparatively hard
and resistant covering ; the micropyle
reinains an opening into the seed;
the stalk or funicle of the ovule develops
into che stulk or funicle of the seed.



NATURE

Formation of the Fruit

Immediately after this process has
taken place the andrcecium and corolla
usually wither up and drop off; in
many cases the sepals fall also. The
style and stigma also die off, but the
ovary in all cases remains and grows
rapidly to accommodate the developing
seeds. When the ovary has reached
its full development it is called the
fruit of the plant ; the carpel walls of
the gynaceum enclosing and protecting
the seeds form the pericarp of the fruit.

Unfortunately the term fruit is used
in a very haphazard manner, and will
be found a source of difficulty in Nature-
Study work. It is used in popular
language to describe a number of
different parts of plants which have no
connection with the ripe gynaceum
of a flower. 1In the Apple, for exumple,
the succulent part is the enlirged
receptacle of the epigvnous flomer, (It
will be remembered that in this case
the receptacle and ovar, walls ate
fused.) The true fruit of the Apple 15
the ““ Core.” The Tomato, Cucumber
and Vegetable Marrow are truc fruits,
that is, they are the ripened gynaceam ;
in popular language they are huown s
vegetables. The Strawber. v is another
example which will give touble; the
succulent edible part is the receptacle
of the flower ; the fruits are the winall
seed-like bodies studded over the
receptacle.

True fruits may either be simple or
formed of a collection of free carpels,
as in the aggregate fruits of the Rasp-
berry or Blackberry. A simple fruit
may be formed by oue free carpel, as in
the Pea, Bean and Gorse, or by united
carpels, as in the Wallflower and
Hyacinth. The fruit of the Raspbuy
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SECTION THROUGH DANDELION FlLORET
ENLARGED
(Arver G.om)

THE DANDELION,

Thas fiower shows av arrangement {or self pollination

when cross pedination has not been effective.  The

dinvided stigma curls in order to reach the pollen on
the style.

and Blackberry consists of an aggregate
of ripened carpels inserted on the
persistent receptacle.

In wanv cases the apparent fruit is
not derived from a single flower, but
from ar intlorescence. The head or
¢ Clock. " of the Dandelion 1s a collection
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Funicag

STRUCTURE or AN Ovuse

STRUCTURE OF AN OVWULE,

The pollen grain rests on the micropyle— the tube
passes down to the nucellus

of simple fruits, each of which is furmed
from a single flower (Fig. 23).

Fruits may be divided into four
main groups in accordance with the
texture of the pericarp (the outer wall
of the ovary) and from the manner in
which the seeds are set free. It will be
realised that the purpose of the fruit
is to secure the dispersal of the sced.

Generally, when a fruit contains more
than one seed, the pericarp splits or
dehisces in order that the secds can
escape. Sometimes the pericarp be-
comes hard and dry, or it may remain
in a soft and fleshy condition.

X. Dry Indehiscent Fruits
One type of fruit met with is
that which does not split up and

whose pericarp becomes dry and hard.
Such fruits are described as dry
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indehiscent fruits., The Nu! is a good
example. In this case the pericarp
becomes quite hard and woody. Ex-
amples are met with in the Hazel Nut,
Beech Nut and Spanish or Eating
Chestnut. Such fruits are derived
from inferior syncarpous ovaries. The
pericarp in all cases does not become
hard, but formsa thin leathery covering.
For such fruits the term Achene is used,
examples of which are to be found in
the DButtercup, Strawberry and the
Rose. As a rule achenes are formed
from superior apocarpous ovaries,
When the seeds are united with the
walls of the ovary or pericarp the fruit
is described as a carvopses. Fruits
resembling  achenes have wing-like
structures attached to the pericarp;
«uch fruits are termed Samaras, excel-
lent examples being met with in the

SBTRUCTURE OF A POLLEN GRAIN,

After the formation of the pollen tube, the vegetative
cell is the first to pass down.
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Ash, Elm and Sycamore (Double
Samara).

2. Schizocarps

Some fruits composed of two or
more one-seeded carpels split apart
when ripe, thus separating into scveral
“ mericarps "’ or ‘' nutlets.” Good ex-
amples are found in the Dead-nettle
Family, and in the wild Geranium,
Cranebills, Mallow, etc. These splitting
fruits are known as Schizocarps. The
Sycamore is an example of a splitting
Samara.

3. Dehiscent Fruits

A fruit in which the pericarp splits
or opens to release the seeds is known
as a Dehiscent Fruit. Many types
are met with, the most common
being :

\
fio.es o !

Danoewion Cuock

THE DANDELION CLOCK.

Each achene i3 provided with a bairy pappus which
&cts as 8 parachute—an aid to dispersal.
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A FonuicLE

THE MONKSHOOD,

A folhcle 1 a speaal form of capsule—one side of
which opens,

(a) The Legume, a superior fruit
consisting of one carpel, which splits
along both sides (Sutures). Peas and
Beans are examples.

(/y The Follicle i1s formed from a
supetior ovary, but splits along one
suture only. The Columbine, Monks-
hood and Larkspur are examples of
this kind of fruit (Fig. 24).

(¢) The Siliqua. In the Wallflower
the fruit is formed by a two-chambered
ovary. When 1ipe, the two carpels
dehisce from below upwards and leave
the sceds attached to the placenta.
This type of fruit is termed a Siliqua,
and examples are met with in the
Hedge Mustard, Turnip, Cabbage, etc.
In the Shepherd's-purse the fruit is
quite short and broad at the top.
The name Silicula is applied to this fruit

(Fig. 25).
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(d) The Capsule. This term is
usually applied to practically all forms
of dry dehiscent fruits except those
previously mentioned. They may be
formed from either superior or inferior
ovaries, and generally are many-seeded.
The manner in which the split occurs
is varied; most frequently it is longi-
tudinally (Fig. 26). In the Chickweed
and Stitchwort the capsule opens by
means of “ teeth " at the top. That
of the Willow, Foxglove, Tulip, Willow
Herb, etc., opens by valves separating
from above downwards. The Poppy
Capsule dehisces its seeds through pores
under the stigmas (Fig. 26a). Another
interesting dehiscence is that of the
Scarlet Pimpernel and Plantain and
the Red Clover. The capsule separates
horizontally and the upper part falls
off in the form of a cap or lid.

A Siuiqua

THE FRUIT OF THE WALLFLOWER.

The carpels cpen from below upwacrds—leaving the
soeds exposed,

4. Succulent Fruits

In the fleshy or succulent fruits the
pericarp is more or less soft and juicy.
The most common types are the
following :

(@) The Drupe is an indehiscent
superior fruit consisting of a single
carpel. The ripe pericarp shows three
distinct layers, the skin or epicarp, the
fleshy part or mesocarp and a hard,
bony layer which forms the *‘ stone ”
of the fruit, called the endocarp. The
seed is quite separate from the stone.
Examples of this kind of fruit are seen
in the Cherry, Plum, Apricot, etc.,
and in the Raspberry, Blackberry, etc.
In the latter the separate carpels are
single drupes or drupels; the whole
fruit, being a compound one, consists
of a collection of drupels. The so-
called berries of the Holly, Elder and
Hawthorn are compound drupes. These
fruits are formed from syncarpous
evaries, cach chamber of which may
form a distinct stone or drupe.

(b) The Berry. The Gooseberry is
an example of another type of fruit.
In this case the endocarp does not form
a stone, but remains, like the mesocarp,
softand fleshy. The seedsare embedded
in this succulent part. Currants,
Cucumbers, Tomatos, Grapes, Bananas,
Oranges, etc., are further examples.
Dates are berries, the secd of which
should not be confused with the stone
of the drupe.

(¢y The Pome is an indehiscent
“false ” fruit. Good examples are
found in the Apple and Pear ; the true
fruit is the * core,” the succulent part
being the fleshy, swollen receptacle.

Dispersal of Fruits and Seeds

The purpose of the fruit is to secure
the dispersal of the seeds, hence many
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means are adopted to secure the per-
formance of this function. In some
instances the fruits have explosive or
mechanical devices to shoot their seeds
some distance from the parent plant.

Explosive Frusts

The Violet and Pansy are splendid
fruits to observe in the classroom. The
Capsules, when ripe, split into three
curved pieces. As these dry they roll
together and, squeezing on the polished
ends of the seeds, force them to jump
away. The Gorse fruits, when ripe and
when the sun is shining on them, split
suddenly open and shoot out their seeds
some considerable distance. In other
cases the valves of the pods, after
opening, twist or curl up suddenly ;
the contraction of the valves forces the
seeds away. The Bird's-foot Trefoll
and Laburnum are excellent examples.
The Balsam also is a good example. Its
swollen, succulent capsules when ripe
will, on the slightest touch, split open
with such suddenness that its seeds are
thrown several feet away,

Mechanical Devices

Mechanical devices for dispersal are
found in the fruits of the bitter cresscs,
and many species of the Cranebill and
Geranium. The Meadow Cranebill,
found wild in the south of the country
and often in cultivated gardens farther
north, is an excellent type for school
purposes. The fruits are large and the
catapult arrangement can be induccd
to act in a warm room.

Dispersal by Wind
The wind is perhaps the most
powerful and most obvious agency at
work in the distribution of fruits and
seeds. The number of modifications
v—y
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CAPSULE Of WAlLow HerB
Drawn FROm NATUREL

THE CAPSULE OF THE WILLOW HERB.

This capsule 1s a beautiful object of study. Each
sced 1v provided with a silky pappus—an aid to
dispersal

among plants to secure dispersal by
this means is enormous. In some
instances this dispersal is facilitated
by the minuteness of the fruits or seeds
and by the presence ot a tuft of hairs or
wing-like membranes, which increase
the sutface exposed to the wind without
the addition of any great weight. Some
seeds are smooth and round and easily
roll along the ground.

In many plants, such as the Dande-
hon (sce Fig. 23), Thistles and Ground-
scl, the calyx of the flower becomes a
tuft of long delicate hairs which, acting
as a parachute, prevents the rapid
fall of the fruit when once the latter
is tahen up by the wind.  Inamoderate
breeze the fruits of such plants are
carned long distances before finally
coming to rest. Frequently, when
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seeds are large and heavy, as in the case
of the Larkspur and Aconite, the fruit
opens a little at a time, the wind rocks
the fruit to and fro and a few seeds are
jerked out now and again.

As a further aid to dispersal, some
seeds are flattened. This is well illus-
trated in the Wallflower and the various
mericarps of the Parsnip, Carrot, etc.

More commonly, however, special
structures are formed which enable
seeds, more especially achenes, to be
carried by the wind. The simplest of
the winged fruits is to be found in the
flattened *“ Key " or Samara of the Ash.
The spiral twist of the samara enables
the fruit to be carried a short distance,
even in a light breeze. Generally,
however, the fruits are firmly attached,
so that only a strong wind or gale will
set them free and carry them some
considerable distance.

Perhaps the Sycamore is even better
known. The wing or blade is so
balanced as to rotate when the fruit
falls. This motion not conly retards
the fall but enables the fruit to
travel far, especially if it comes
from the higher branches of the tree.
In the Birch and the Elm the samara
is formed from an outgrowth of the
pericarp. The fruits are so light that
the distance travelled even on the
lightest breeze is very great. ‘lhe
Reed Mace or Bulrush has perhaps
the lightest fruits of all. When the
poker-like head has broken up, the tiny
fruits, each with silky tassels, set off
on their journey, being carried away by
the slightest of breezes.

The seeds of the Willow and Poplar
and the Willow Herb have hairy out-
growths ; Willow trees in June are
white with the down of released seeds.
Poplars are similar. These trees are

remarkable for the tiny seeds they
produce. The Willow-Herb or Rose-
bay is so called because of the resem-
blance of its fruits to those of the
Willow. The capsule of the plant is
extremely fascinating to children. The
opening can be observed in the class-
room, and the light, plumed seed will
float about in the room. Before open-
ing, the secds and plumes are neatly
packed along the central axis, expand-
ing as the capsule opens from the tip
downwards.

Dispersal by Animals

Many fruits are sticky or possess
hooks which may adhere to the wool
or fur of passing animals. As a rule
these contrivances are not borne by
the seed, but are outgrowths of the
fr,it The burrs  (Infructescences,
i.e. collection of fruits) of the Burdock,
Burweed and Teazelaretypicalexamples
of the pussive dispersal of fruits by
animals. In the fruits of the Goose-
grass, Hound-tongue and Wood Avens
(Geum) are found examples of clinging
fruits ; the awn-bearing grains of barley
also exhibit clinging tendencies.

Many succulent fruits are eaten by
birds or animals as food, and the seeds
of such fruits pass through the stomach
and intestines without injury. In most
cases the seeds are protected by hard
stones, as in the case of the Cherry and
Plum, or by a thick leathery pericarp
in most berries. Very often, however,
the hard part of the fruit is never
swallowed, but allowed to fall to the
ground after the fleshy part has been
eaten. The Rose Hip is a typical
example. Birds eat the succulent re-
ceptacle, and often get one or more of
the achenes in their mouths. In addi-
tion to being hard, the achenes are
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covered with fine hairs, which irritate
the palate of the birds, who quickly
cast them out. Generally the succu-
lent part of the fruit is conspicuously
coloured, and

a seed was produced. The fertilised
ovule contains an embryo plant together
with a reserve of food material, gener-
ally stored in the cotyledon, for its

hence becomes at-
tractive to the
feathered world.

Non - succulent
fruits such as the
Acorns and Nuts
may be accident-
ally dispersed by
animals such as |
the Squirrels.
Such animals lav
up hoards of these
fruits in the
Autumn, and often
forget some of the
hoards they have
made

One or two
points are of

Carsune of Poepy

subsequent  de-
'T velopment. The
nature and re-

lationship of the
component parts
can best be under-
stood when the
seed has been
allowed to grow
and its develop-
ment  observed.
A Broad Bean is
onc of the best
seeds to study,
for its parts are
sufficiently large
to be made out
with the aid of a
small pocket lens.

In the pod

special  iInterest
with regard to
fruit and seed
dispersal.  Fruits
of the achene and plumed type are
only dispersed during dry weather.
It should alsww be noted that when
the seeds are unripe and unfit for
dispersal, the parts of the fruit used
as food are firm in texture, green and
sour. When, however, the seeds are
ripe, the fruit changes to some con-
spicuous colour and, in the case of
succulent fruits, becomes softer, sweeter
and develops a characteristic odour.

The Seed and Germination

¥n the section on Fertilisation it was
pointed out that after the fusion of the
v reproductive cell” of the pollen
graln with the ““egg " cell of the uvule,

THE CAPSUTIE OF THE POPPY.

The capsule of the Poppy opens by means of small
pores, uedr the stigruas.,

(Fig. 27) each
seed is attached
by means of a
short stalk—the
funicle—and it is through this struc-
ture that all nourishment from the
parent passes before and after fer-
tiisation.  When dry and ripe, each
Bean seed is hard, and its surface un-
even.  On soaking in water for twelve
hours or more, it becomes much softer,
and its component parts can readily
be abserved. The outer skin, known as
the * testa,” has become smooth and
has at one end a black scar, where the
funicle was attached ; this is called the
Hilum. Quite close to the shghtly
broader end of the Hilum is a very
minute hole—the micropyle—through
which water will ooze if the soaked bean
is squeezed slightly. The opening (as
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in the case of the ovule) communicates
with the interior of the seed, and is
the only one any seed possesses.

On removing the testa, which is a
semi-transparent, leathery membrane
(it will be found of much softer texture
near the hilum), the cotyledons are
exposed. These form two large fleshy
halves, which are not completely
separated from each other, but con-
nected at the side with a conical pro-
jecting body, one end of which points
towards the micropyle, the other end
being turned inwards between the
cotyledons. On removing one cotyle-
don, this can easily be seen.

When growth commences, the lower
end of the small curved structure
elongates and forces its way through
the coat of the seed at a point near fo
the micropyle (but not through the
micropyle) and assumes the form of a
root. The upper half, bent between the
cotyledons, also pushes its way out at
the same opening and develops into the
stem, from the tip of which leaves arise.
Thus a seed is a packet containing a
plant in a very rudimentary condition.

It should be noted that after the
formation of fruits from flowers, the
embryo plant within each seed assumes
a resting or dormant state. In the
Bean, the dry and hard appearance of
the testa denotes clearly the dormant
condition of the embryo. Under cer-
tain conditions, however, the plantlet
or embryo begins to wake up, and on
escaping from its protective coat is able
to lead a separate and independent life.
This awaking to life from a resting con-
dition to a state of active growth s called

Germination
The conditions necessary for ger-
mination can be briefly summed up.

The embryo or plantlet must be alive.
Air, water and heat are necessary to
start it on its life’s journey. The tem-
perature varies greatly with the type
of seed; some will germinate just
above freezing point and others require
a temperature of g or 10° C. to start
growth. Beans will not germinate at
45° C.; it is too hot and they make,
therefore, little or no progress. Water
is obviously necessary to soften the
hard coat, and oxygen (air) is essential
to supply the neccessary energy.

Seeds generally contain starch or
carbon compounds in some form or
other. 1In the case of the Bean, much
of the solid material of the cotyledons
will, on testing with iodine, give the
characteristic starch reaction. Much
of the work in the upper classes of a
school will be based on the changes
undergone during germination, and
these will be dealt with as practical
lessons. Briefly stated, the insoluble
reserve food material found in seeds
must be converted into soluble plant
foods befure the embryo can grow or
germinate. This change is the result
of enzyme action brought about when
the temperature, amount of moisture
and presence of air are sufficient.

To return to the Wallflower. It was
mentioned in the scction on fruit and
sced dispersal, that the seed of the
Wallflower had flattened sides and that
this aided dispersal.

After a certain resting period, when
the temperature is sufficiently high and
the weather is moist enough to pro-
vide a supply of water, the process of
germination begins. The testa takes up
moisture from the soil, swells out and
becomes a slimy coat which helps to fix
the seed in the soil. Part of the water
passes through to the embryo, and after



THE DBROAD BEAN

NATURE .

THE BROAD BEAN.

(1) The** Fruit * of the Bean, showing the ' seed "’ attached by means of short stalks calte 1 “ Funicles.” (2) The
* sped ' with the testa removed-— the radicle can be clearly seen, (3) One cotyledon has been removed to show
the position of the embryo, (4) A later development of the embryo.
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enzyme action has changed some of the
reserve food material into available
plant food, the radicle or root elon-
gates and breaks through the testa
immediately above the micropyle.

In whatever position the seed may lie,
the radicle, as soon as it is free, curves
directly downwards and at once pene-
trates the soil. As soon as this has
happened the root develops root-hairs
or absorbing organs which take a firm
hold on the soil and serve both as
fixing and absorbing organs.

In the meantime the hypocotyle {that
is the part below the point where the
cotyledons are attached, and between
the root or radicle) grows very rapidly
and curves so that the apex of the stem
comes to a point directly upwards.
The cotyledons remain for a time im-
prisoned in the seed coat which is
lifted up with them above the level of
the ground, but they soon spread them-
selves out flat and in doing so strip off
the seed coat.

The food supply necessary for germ-
ination is at first obtained from the
organic substances (starch, etc.)
stored in the cotyledons and also in a
part lying, in the case of the Wall-
flower, on either side of the cotyledons,
called endosperm, which is rich in
proteid material. As soon as the root-
hairs, however, have taken hold of the
soil, they are able to supply mincral
food to the growing plant, but it is
only when the cotyledons have become
green and expanded that new organic
substances can be formed. The coty-
ledons have, therefore, a double func-
tion; in the early stages they scrve
as stores of food material for the
seedling and afterwards act for a time
as assimilating organs, manufacturing
new food on their own account.

MODERN TEACHING

In both the Wallfiower and the Bean
the embryo has two cotyledons (Fig. 28).

ith the Bean the cotyledons are food
reserves only and remain underground.
In the Wallflower the cotyledons come
above-ground and act as assimilating
organs until other leaves have de-
veloped. Further, the Wallflower has,
independent of the cotyledons, a special
reserve of food material (endosperm).

Seeds like the Bean, in which the re-
scrve material is stored in the cotyle-
dons, are called Exendospermic. The
Pea, Vetch and Mustard are other
examples. The Wallflower has a
special reserve of endosperm, and is
therefore called an Endospermic seed.
The Castor Oil is an excellent example
of an Endospermic seed. The cotyle-
dons of the Bean also remain under-
ground.  Seeds of this type are termed
Hypogean ; those like the Wallflower,
which come above-ground, are termed
Epigean.  All seeds like the Wallflower
and Bean, which have two cotyledons
or seed-leaves, are known as dicofy-
ledons.

Monocotviedons

Many commonly occurring endo-
spcrmous seeds are not dicotyledons,
and their structure varies in many
respects from the type previously dealt
with,

The Onion 1is typical of this
variation. The sced is black, some-
what owval in outline, with one side
convex, the other almost flat. FEach
sced contains an embryo embedded in
endosperm (Fig 29). When growth
commences the curved part elongates
and forces the end of the embryo out
of the seed. The point, which is the
radicle, forms a straight, slender, pri-
mary root. The part of this young
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seedling which extends from the root
into the interior of the seed grows very
rapidly at first and assumes a bent
appearance. Under outside conditions
the bent “loop " comes above the
ground, sometimes bringing the seed
with it. The tip within the seed
changes the endosperm into plant
food and usually remains inside until
all the nutriment has been absorbed.

The curved part of the embryo which
comes above the ground is a hollow
leaf—the cotyledon of the embryo.
Within it is the plumule or primary
axis, which consists of a series of
hollow conical leaves, arranged one
inside the other. At the point where
the root and stem join is a swelling,
and this indicates the position of the
plumule. A short distance above this
thickened part is a narrow slit through
which the first green leaf of the plumule
makes its appearance. Soon after one
leaf has appeared, others follow, com-
ing out through slits in the sides of
those immediately older than them-
selves,

N.B.—In heavy soil, the seed does
not come above-ground, owing to the
close texture; in light, sandy or
loamy soil the seed invariably comes
above-ground.

Plants whose embryos possess one
cotyledon only are known as mono-
cotyledons, and such form the sccond
large group of sced-bearing plants.
The type described above is the best
known.

Wheat, Barley and the Grasses
are spoken of as monocotyledonous
seeds, but in point of fact the so-
called seeds are really the fruits.
As an example the Wheat may be
mentioned ; the grain is a kind of nut
with a single seed within it. The sced
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GERMINATION OF WALLFLOWER

THE WALLFLOWER.

The seed contains a small amount of endosperm.
Note that the cotyledons form imperfect foliage
leaves.

grows in such a way as completely to
fill up the interior and becomes prac-
tically united with its inside wall.
The embryo occupies only a very small
portion of the grain, the remainder
being taken up with the floury endo-
sperm.  The young plantlet is easily
observed in the soaked grain on the
side opposite to the furrow. It is
separated from the endosperm by a
fleshy shicld-like structure known as the
Scutellum. Attached in front of the
scutellum is the plumule, which is a
bud formed of sheath-like leaves, en-
closing each other.

The embryo possesses as a rule three
primary roots, which are protected by
a sheath continuous with the scutellum
and known as the coleorhiza. When
gennination takes place, this expands
and bursts the seed coat and is followed
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by the bursting through of the coleo-
rhiza by the developing roots. The
grain remains below ground; the
plumule grows upwards and appears as
a thin, single, pale tube-like leaf. Later,
through a slit in the cotyledon, the
first flat green leaf appears, followed
by other young ones, which grow from
within the older ones in regular order.

Internal Structure of Plants

In the elementary schools, the in-
ternal structure of stems and roots,
etc., cannot be taken in detail unless
microscopes are available. Much can
be done, however, with the aid of a
sharp penknife and a good lens. In
all schools the food of plants can be
found or tested by means of sand or
water cultures, but much of the work
in this connection is purely inform itive.
The contents of plant ash, for example,
cannot be found experimentally in
schools. A few details on cells and
cell contents might be given in the
upper classes and the osmosis, osmotic
pressure, carbon assimilation, etc., ex-
plained in a simple manner.

The Cell

All life, animal or vegetable, consists
of small cells. In plants the cells con-
sist of a wall or cellulose, but in animal
tissue this substance is absent. The
contents of cells is much the same in
both animal and plant, consisting of a
complex chemical compound known as
Protoplasm, a substance allied to the
white of an egg.

The exact composition of this sub-
stance is unknown, but chemists have
discovered, combined in protoplasm,
the elements Carbon, Hydrogen, Oxy-
gen, Nitrogen, Sulphur, and occasion-
ally Phosphorus. A young plant cell

has for its walls a substance called
cellulose, which is allied to starch,
sugar and vegetable oils; that is, it
contains carbon, hydrogen and oxygen.
The interior of the cell contains proto-
plasm and a denser mass of protoplasm
known as the nucleus. After reaching
a definite size, the cell divides into two,
the nucleus and the protoplasm divid-
ing at the same time, These daughter
cells increase in size and later may
themselves divide. This division of
cells is what is meant by growth.

Increase in length is brought aboutby
division at the tip of roots and stems.
Increase in size is brought about by
the division of a special group of cells
which form a ring inside stems and
roots. This specialised group is known
as the Cambium. On the inside of
cambimn cells, wood cells are made ;
on the outside bast. In older stems
another specialised group of cells called
the cork cambium produce cells which
contain a substance termed suberin, and
these form the bark of trees.

A number of cells grouped together,
called vascular bundles, form the veins
in the leaves. These consist of wood
tissue and bast and give rigidity to the
leaf. The remainder of the leaf structure
consists of thickened wall cells on the
upper face and thin wall cells with
wide spaces in between on the under-
side. These open spaces are connected
with the atmosphere by openings in
the leaf tissues known as stomata, and
it is through the stomata that the
water taken up by the roots is passed
off as water vapour into the air. This
transpiration can be tested by inserting
a leaf of a grown plant in a test tube
and closing at the top with cotton wool.
It will be found that water collects in
the tabe.
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THE ONION.

This is a typical monocotyledon. The tip of the plumule remaims within the testa until all the endosperm bas
been used. In light soils the seed is lifted above ground. The birst foliage leaf of the omon breaks through
the plumule just below the surfare of tle soil.

7
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The leaves are very important parts
of the plant. They are not only the
organs of transpiration and respiration,
but in sunlight they carry out the
important work of splitting up the
carbon dioxide of the air, and, with the
carbon, manufacturing starch, sugars
and oils.

The Food of Plants

The first step necessary in order to
understand the nutrition of plants is
to learn what chemical elements a
plant contains. Most of the elements
which exist have been detected at some
time or other in plants; those, how-
ever, which are constantly present are
only thirteen in number: Carbon,
Hydrogen, Oxygen, Nitrogen, Sulphur,
Phosphorus, Potassium, Calcium, Mag-
nesium, Iron, Sodium, Chlorine and
Silica.

Although these elements are con-
stantly present on chemically analysing
green plants, it does not follow that all
are necessary to the life of the plant.
Many of them are known to be essential
because they enter into the chemical
composition of the substances of which
the tissues of the plant are composed.
For example, C, H, and O constitute
the starches, sugars and cellulose.
Protoplasm, or proteids, contains these
three elements, togcether with nitrogen
and sulphur, while the nucleus contains
in addition phosphorus. With regard to
the other seven elements, plant analysis
gives no clue as to whether they are
necessary to the life of the plant or
whether they are taken up simply
because they are present in the soil.

This question can only be answered
by experimental cultures so arranged
that the exact chemical substances
supplied to the plant are known.
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The simplest method of examining
the questions as to the necessity, or
otherwise, of certain elements is by
means of water cultures. A well-
recognised food solution consists of the
following :

Water, H,O . 1,000 c.c. (distilled)

Potassium Nitrate (KNO,) 1-0 gram
Sodium chloride (NaCL) . 5 .,
Calcium sulphate (CaSOy) . 5 .
Magnesium sulphate
(MgS0y) . . . -
Calcium phosphate (Cag
(POy¢)y) . . . - ,, (notquite
soluble in
water)
Iron chloride (FeyCly) a trace

It will be scen that the amount of
the various salts is very small in com-
parison with the bulk of water. Plants,
in nature, take up their food in so far
as it is supplied to them by the roots
in very weak solution.

To make the experiment of practical
use it is necessarv to germinate Peas,
Beans, Wheat or Maize in damp saw-
dust or blotting-paper. The seedlings,
when the plumule is about an inch
long, should be washed in distilled
water and then fixed to a split cork in
a wide-mouthed bottle containing the
solution. The young plant will grow
strong and healthy and will ultimately
flower and ripen its seeds if the solu-
tion is changed once each month. In
fact, under these artificial conditions
the plant may be brought through its
entire life-history while the amount of
organic substances is increased—it
may be several hundredfold as com-
pared with the amount contained in
the sced to start with,

‘The success of the experiment proves
that the compounds presented to the
plant contain all that is necessary for
its nutrition. Yet among the elements
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contained in the water and salts one
is conspicuous by its absence; no
carbon was presented to the plant
whatever. We know that every
organic substance—cellulose, starch,
sugar, proteids or any other substance—
which goes towards the building up of
tissue is a carbon compound.

From the water-culture experiment
we prove that the carbon used by the
plant must have been obtained from
the air, this being the only source
under the conditions; and it must
have been obtained by those organs
which are exposed to the air, namely
the leaves and stem.

No compound of silica was added
to the water, and this element cannot
be obtained from the air. We infer
that silica is not essential to plants,
although it is generally present and
is of great importance to grasees in
hardening the outer surface of the
epidermis.

Of the salts offered to the plants,
sodium chloride can be proved uncssen-
tial. It can be left out altogethier from
a food solution and the plant will come
to maturity. The sodium can cer-
tainly be dispensed with. Some
botanists regard chlorine in some form
or other as necessary for some plants
—but in the majority of cases it is
not required. NaCl.—these two ele-
ments are present in plints simply
because they are prescnt generally in
the soil.

If, however, any of the other elements
are left out from the plant food solution,
the plant suffers, e.g. Fe. Without a
trace of an iron compound the seedling
grows normally for a short time; the
new leaves when formed, however, are
not green, but white—in fact they
contain no chlorophyll. Hence neo
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assimilation can take place, and no
increase in the organic substance of the
plant can be produced. The green of
the first few leaves is due to the iron
in the seed. Hence iron is essential for
the formation of Chlorophyll. When
plants do not receive sufficient iron
they are said to suffer from Chlorosis.

The necessity for the six elements
which are known to enter into the
compounds is self-evident and is
easily proved experimentally.

For  example—Phosphorus. To
prove that this is essential, all we have
to do is to leave out the calcium
phosphate and substitute an equal
amount of calcium sulphate. The
growth of the seedling soon ceases—as
snon as the phosphorus in the seed is
exhausted—cf. iron.

In like manner the other tissue-form-
ing elements can be proved to be
necessary.

The presence of potassium, calcium
and magnesium is also essential. If we
substitute sodium nitrate for potassium
nitrate, growth soon ceases; similarly
by replacing the calcium and mag-
nesium compounds by those of other
metals, growth also ceases. These
three elements are in some way, at
present unknown, necessary for the
process of assimilation. In their
absence the formation of new organic
substances is checked. Their exact
mode of action 15 uncertain.

From a water culture we learn that
the ecsentials for the nutrition of a
green plant are ten in number, namely,
Carbon, Hydrogen, Oxygen, Nitrogen,
Sulphur, Phosphorus, Potassium, Cal-
ciun, Magnesium and Iron.

Nitrogen or the sources of Nitrogen
need o further explanation. Nitrate
such as Potassium Nitrate is quite
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successful as a plant food. If Am-
monium phosphate is used instead of
nitrate the plant will still flourish, but
it is possible that in this case the
Ammonium compound is converted
into a nitrate before being made use
of—cf. Nitrate of Soda, Sulphate of
Ammonia.

Most plants will starve without
Nitrogen. The atmosphere consists of
§ Nitrogen to } of Oxygen. Except the
Leguminos®, plants cannot make use
of the free Nitrogen. Bacteria (Pseudo-
monas radicola) in the roots help the
members of the Pea family by sym-
biosis and form nodules on the roots.

Carbon Fixation—Photosynthesis

The source from which plants obtain
the large quantities of carbon of which
more than half their dry weight con-
sists has been the subject of extensive
investigation for years.

Parasitic plants like the Dodder,
Broomrape and many fungi attach
themselves to other living organisms,
and absorb the carbon they need in the
form of sugar, proteids and other
elaborated carbon compounds from
their tissues. The majority of common
fungi, which, like the parasites men-
tioned, are devoid of chloroplasts or
green colouring matter, obtain their
carbon from the carbon compounds
present in the remains of dead plants or
animals on which they grow. It is
probable that plants absorb and
utilise carbon compounds f{rom the
humus present in the soil, but the
supply produced by humus and fer-
mentation has been proved to be in-
sufficient for the requirements of
ordinary green plants.

From the experiments with water and
sand cultures, it should readily be found
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that plants flourish and increase in
carbon contents when their roots are
supplied with a solution of food material
containing no carbon, so long as the
solution contains the other essentials.
Under such circumstances the only
available carbon is the carbon dioxide
of the air.

After entering the cells by means of
the stomata, the carbon dioxide, with
a certain proportion of water, under-
goes chemical changes which result in
the formation of soluble carbohydrates,
oxvgen being set free during the
process. The carbon of the carbon di-
oxide thus becomes fixed and a rapid
accumulation of carbohydrates takes
place, the oxygen escaping into the
alr,

CO, 4- 1,0 = carbohydrate + O (Free)

As the operation is dependent on light,
the term Photosynthesis is sometimes
used, as also the term Carbon Fixation.

The exact nature of the carbohydrate
first formed is unknown. Formaldehyde
{CH,0) has been suggested—

CO, + 1,0 = CH;0 + G,.
However, Formaldehyde has not been
detected in the process of carbon
fixation, and hence the view that this
compound is the first step in the forma-
tion of carbon compounds from CO,
and water is purely an hypothesis.

Sugars have been found in the cells
of leaf tissues, and cane sugar is prob-
ably the first sugar to be manufactured,
and subsequently dextrose, levulose
and maltose make their appearance in
leaves in consequence of enzyme action
on the cane sugar,

In a great number of plants, when the
accumulation of sugar within the cells
reaches a certain point, the chloroplasts
form starch grains from it ; the starch
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grains appear in the substance of the
chloroplasts and are the first visible
products of Carbon Fixation.

The manufacture or synthesis of
carbohydrates is dependent on various
conditions :

(1) The plant must be living.

(2) Carbon dioxide must be present
in the air surrounding the plant.

(3) The leaves must contain chloro-
plasts.

(4) A certain intensity of light.

(5s) An adequate degree of tem-
perature.

(6) Mincral substances, especially
compounds of potassium, but the exact
part played by these substances is not
known.

Carbon Fixation is a vital process,
and the leading scientists are agreed
that:

A. (1) Plants grown in air devoid
of carbon dioxide do not increase in
weight ; after a time death takes place
from starvation.

{(2) Plants cannot live in an atmo-
sphere of carbon dioxide, but can
exist in 20 to 30 per cent. of carbon di-
oxide and still carry on Carbon Fixation.

B. The work is carried on by specia-
lised portions of the Protoplasm-—
Chloroplasts. The roots, pctals and
white portions take no part in Carbon
Fixation. ILeaves of Copper Beech,
Purple Cabbage and Red Beet have
reddish cell sap, which disguises the
green colour of the chloroplasts.

The chloroplasts are small structures
embedded in the cytoplasm of the cell ;
their substance is permeated with a
green pigment named chlorophyll, as-
sociated with which is a reddish-orange
substance known as Carotin, and a
yellowish material, Xanthophyll. The
chemical nature of Chlorophyll is

unknown ; its production is in some
way dependent upon the presence
of iron, although it does not appear
to contain this element. The red,
orange and yellow rays present in sun-
light are most effective in promoting
carbon fixation. Purple and violet
rays have little or no effect.

Osmosts and Osmotic Pressure

When a bladder filled with a solution
of sugar has the opening securely tied
with string and is then placed in a
vessel full of pure water, it is found that
a considerable amount of the latter
soon passes through the walls of the
bladder into the interior and mixes
with the solution in spite of the fact
that no visible openings are present
through which the water travels. The
result of this inward transference of
11,0 is that an outward pressure is set
up within the bladder, and it becomes
more and more distended just as it
would if water or air were forced into
it by mechanical pressure.

The amount of internal pressure
set up wunder these circumstances
depends on the quantity of sugar
dissolved in the solution and also
upon the temperature at which this
experiment is carried on.  With a con-
centrated solution a greater pressure
is produced than when a weak solution
is used, and at a high temperature the
pressure is greater than at a lower one.
Similar internal pressure tending to
expand the bladder is observable when
solutions of potassium nitrate, copper
sulphate and many other substances
are used instead of a sugar solution,
EFach of these solubles possesses a
dificrent power of attracting water
through the walls of the bladder; the
pressure sct up by a 1 per cent. solu-
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tion of sugar is not the same as that
produced by a 1 per cent. of potassium
nitrate.

It will be found that while the water
passes into the sugar solution (or other
solution in the bladder} a certain
amount of the sugar passes out into the
water. It is noticed that the diffusion
or passage of the dissolved substances
goes on through the membrane until
the percentage or strength of the solu-
tion is the same inside as out.

Certain membranes are known, how-
ever, which will allow water to pass
through them but which are not
permeable to sugars and other dis-
solved substances.

The diffusion, or passage of liquids
and solutions of substances through
membranes in which no visible open-
ings are present, is termed Osmosis ;
the pressure set up in the interior of
closed permeable membranes is spoken
of as Osmotic pressure and the dissolved
substances upon which the pressure is
primarily dependent may be designated
Osmotsc substances.

A bladder or other structure dis-
tended by osmotic pressure becomes
firm or rigid instead of limp and flabby,
and in this condition it is said to be
turgid.

Application

Dissolved in the cell sap of all living
plants are osmotic substances, such as
sugars and salts of various kinds, which
have the power of attracting water
into their interior, and when plant
cells are immersed in pure water they
become turgid.

In the living parts of plants, and
especially those which are adequately
supplied with water and those in which
active growth is going on, the cells are

distended by osmotic pressure and this
stage of turgidity is the cause of the
elasticity and firmness exhibited by
the thin-walled parenchymous tissues
of leaves, growing points and other
delicately constructed parts of plants.

The pressure within young turgid
cells usually amounts to five to ten
atmospheres, and under its influence
the cytoplasm (liquid part of proto-
plasm, finely granular substance) is
forced outward into close contact with
the cell wall at all points. The cell
wall becomes stretched until its elastic
recoil equals that of the outward pres-
sure. In the cells of fruit containing
considerable amounts of osmotic sub-
stances in the cell sap, the pressure set
up in wet weather when abundant
water is conducted to them is sufficient
to burst the cell walls and the fruit
splits.

The osmotic properties of a plant cell
are, however, not the same as those
of a bladder filled with sugar solution,
for in most instances cells containing
sugar and other substances do not
allow these to pass out into water in
which the cells may be immersed.

Whatever substances pass into or
out of a hviug plant must permeate
both the cell wall and the lining of
cyvtoplasm.  While pure water finds a
ready passage through both mem-
branes, the cytoplasm is very frequently
quite inipermeable, or permeable in a
slight degree only, to many substances
which easily pass through the cell wall.
Also the permeability of the cytoplasm
alters with the need of the plant.

When a turgid cell is immersed in
a solution of a substance whose attrac-
tion for water is greater than that
possessed by the substances dissolved
in the cell sap, a larger or smaller
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amount of water is withdrawn from the
cell and the osmotic pressure is reduced,
the cell becoming smaller and limp.
If the vitality of the cell sap is not
destroyed and the osmotic action of
the solution is continued, more water is
abstracted from the vacuole, but the
cytoplasm, instead of remaining in
contact with the cell wall and allowing
the solution to penetrate into the
vacuole, shrinks away from the cell
wall and takes the form of a spherical
ball in the centre of the cell cavity,
and the living cell is said to be plasmo-
lysed—the space between the cell wall
and the shrunken cytoplasm being
occupied by the solution.

Cells plasmolysed in this way do not
lose osmotic substances, and reguin
their turgidity when immersed in pure
water again. Hence, substances pass-
ing in or out of the living cell are
controlled by the cytoplasm—the
phenomena of turgidity and other
osmotic property are destioyed when
death of the cytoplasm takes place.

TREES

The story of trees in town and city
schools may present difficulties.  How-
ever, there is a general tendency in these
enlightened days to have trees planted
in the street wherever possible. Even
when this is done the trees are seldom,
if ever, allowed to take the natural
course of devclopment, and hence
public parks should be visited in oider
to observe trees at their best.

In many towns and cities specimens
of trees and twigs, etc., are readily sup-
plied to schools taking a Nature-Study
Course, and every help is given by the
controlling bodies. In at least one
large town of the Black Country certain

parts of the parks are temporarily
closed to the public during the after-
noons ot which schools visit them for
observational work. During the winter
months also, twigs of the various trees
are sent to the schools taking Nature
Study. This co-operation of the Town
Council with the Director of Education
has a stimulating effect on the Nature-
Study teaching in the schools and
reacts beneficially to the park keepers.
Scholars learn that Nature-Study * in-
struction ”” and observational activity
do not mean ** destruction,” and they
become imbued with the idea that
public parks have their uses and must
not be abused.

In country districts more scope is
available for the study of trees. The
more common types, such as the Oak,
Ash and Elm, are generally well
known, but useful work can still be
done. Many hedgerow trees, such as
the Spindle Tree, Whitebeam, Wild
Cherry, Sloe and (rab Apple, are
comparatively unknown even amongst
country scholars.

It is possible to regard the work on
tree life almost as the individual obser-
vational work of the scholars. At
about the age of 11 or 12 each scholar
should be asked to select a tree to
study throughout the year. Note-
books should be provided in which to
make records, drawings, etc. These
should be inspected by the teacher at
stated times, the observations checked
and useful hints for further work given
individually. It is understood that at
this age the scholars have a certain
botanical knowledge, and this should
be made full use of in the notebook.
In addition to the individual work, tree
life should be included in the Nature-
Study scheme.



G4 MODERN TEACHING

The identification of the common
trees of the district by means of the
branching, bark and alternate bud
arrangement might be taken in the
lower classes ; identification by means
of buds and bud arrangement of a
spiral character in the middle classes,
and later in the upper classes by means
of the naked buds and by their leaves.
In the top class, some information as
to the value and uses of the wood of
the trees studied should be given, full
use being made of the knowledge gained
by actual observation of the children,

The bud and bud arrangement give
the widest scope for winter activity.
The teacher should begin such work
with the trees mnearest the school,
gradually widening the sphere of
activity. The following information
is intended purely as a guide. Much
more information will be discovered
by the personal observational activities
of teacher and scholars, but this section
is included in an attempt tc point out
to those whose knowledge of Natural
Science is sparse, the paths of study
which will provide a lasting interest.

The Yew

The Yew belongs to the coniferous
trees. [t is an evergrecn, and its
sombre green masses are common In
churchyards. It is a native tree in
some parts of England, especially in
the south, where it forms thickets on
the Downs, It is a large tree, though
not generally tall, so feet being excep-
tional, but its girth is out of proportion
to its height, 25 feet to 50 feet in many
old specimens.

The male and female flowers are
borne on separate trees. The male
are round clusters of stamens, which in
March send off immense quantities of

pollen, some of it reaching the Iittle
bud-like cones of the female, which
afterwards bear the fruit and seed.

The seed is contained in the familiar
red cup-like fruit. The leaves are
poisonous, but the berries appear harm-
less to the birds.

The tough elastic wood was the
material of the famous English long
bow. The wood of the Yew is now
valued, on account of its fine grain, for
cabinet-making.

Cedars

There are three Cedars, none of them
natives of this country. They are
evergreen. The cones are erect and
large. Thelargest Cedar is the Deodar,
which may reach a height of 200 feet in
its home in the North of India. The
most celebrated, and the Cedar best
known to us, is the Cedar of Lebanon.
The timber of the Cedars, which is
fragrant, is little used in this country.
The tree was introduced into England
in the seventecenth century.

The Beech

One of the most beautiful of our
forest trees is the Beech. 1t isa stately
tree, often reaching to a height of 100
feet, with a girth of 20 feet. The bole
sometimes reaches to 2o feet without a
branch : the bark is smooth, but not
polished like that of the Birch.

In May, the malc flowers hang on
delicate green stalks, fluffy balls with
little silver threads tipped with green.
The female flowers are small and erect.
Both are found on the same tree.

The fruit is a three-sided capsule,
enclosing the seeds. The Mast, as the
nut is termed, was in past times the
staple food of herds of swine.

This tree is also very beautiful in
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The identification of trees by the arrangement of the buds on the twigs is an interesting study. Above area
fow typical examples. The Sycamore buds are arranged oppesite aud alternate (see text). The leaf scar
shows that three main vascular bundles pass into the petiole of each leaf,
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summer and autumn, although very
few plants grow beneath it, the drip
being fatal to them. Its beauty is
increased in autumn, when the colour
of the leaves changes from copper to
scarlet, vermilion or gold.

The wood is fine-grained and easily
worked.

The Beech is one of the finest hedge
plants, and can be made to form thick
hedges of great height.

The Sweet or Spanish Chestnut

This is a native of North Africa
which may have come to Britain with
the Romans. Sweet applies to the
fruit as distingwshed from that of the
Horse-chestnut, which is bitter, The
two trees have no relationship. The
bark is a brownish grey, and becomes
furrowed with age. After the tree
reaches the age of sixty to seventy
years the heart wood detenorates, as
arule, but the tree lives on for centurnies,

The leaves are large, oval and pointed,
with a glossy, rich green surface. It is
a magnificent tree, growing to a height
of 80 to 100 feet, and the breadth of
the crown may be as great.

The female flowers give rise to
clusters of fruit. Except in good
seasons the fruits in this country are
small, though there are many very
fine trees to be seen. The nuts are
largely imported.

Unlike many of our forest trees, the
Sweet Chestnut can be, and usually is,
easily propagated by means of cuttings.

The Horse-chestnut

The Horsechestnut is the most
beautiful ornamental tree we possess
in this country. It is a native of the
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Balkans, and probably was introduced
here towards the end of the sixteenth
century. It is the only tree of tem-
perate countries which bears a pro-
fusion of large, brilliant flowers. In
winter it is a distinctive tree, quite
easily recognised from other trees.

The trunk, tapering, reaches almost
to the top of the tree, which may be
from 70 to go feet high. It is solid and
substantial, with no fine twigs. The
bark is rough and scaly.

The terminal bud is fat, oval and very
sticky, and contains the leaves, flowers,
fruits and seeds for the coming year.
Beneath are usually a pair of resting
buds, containing leaves only, and just
below each of these buds is the horse-
shoe-shaped scar of the fallen leaf, the
nails represented by dots where the
wood strauds were severed in the
previous autumn. Some people affirm
that the English name for the tree was
derived from this feature (Fig. 31).

Early in the summer the tree attains
its full glory in blossom. The flowers
are white, with yellow blotches tinged
with pink, and a tree in full bloom isa
beautiful sight,

In the autumn the leaves turn to fine
tints of yellow, orange and russet.

The rough green {ruit is familiar, and
small boys find a use for the seeds, or
‘ conkers.”

The tree seldom attains an age of
more than two hundred years.

The Larch

This is remarkable as being one of
the few coniferous trees which shed
their leaves in autumn, It is a native
of the mountains of Central Europe, and
was introduced into this country in
the seventeenth century.
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The Horse and Sweet Chestnut twigs are given for comparative purposes, In the Horse-chestnut the large
pointed buds are arranged opposite cach other on the twigs— those of the Spanish or Sweet Chestonut are short
and blunt and spirally arranged. The Oak, Eim and Hasel are axamples of spirally arranged buds,
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The trunk is tall and straight, the
leaf short, narrow and needle-like.

The young female flowers in spring
are rounded, about § inch in diameter,
with pale or brilliant carmine scales.
The ripe cones have broad, brown,
woody scales.

In form the Larch is a most graceful
tree ; the delicate green of its young
leaves and the beauty of the female
flowers make it a most pleasant sight
along the highways or in the woodlands.
It grows rapidly, and may reach a
height of 80 feet in tiftv years or may be
felled for commercial use in forty years.

The wood is hard and resists decay.
It is, therefore, much used for pit
props, sleepers and telegraph poles.

The Birch

Perhaps the most graceful of our
forest trees is the Silver Birch. In
winter the gracefully curving silver
stem, the branches and the drooping
bronze-coloured twigs command admir-
ation.

In summer, the tasselled foliage
moves at the whim of the shghtest
breeze, and in autumn, it 1s again
a beautiful sight.

The bark of the Birch was used by
primitive man for a varnety of pur-
poses—the sides of canoes and the
roofing of huts, while the fibre gave him
fishing lines.

It is not a large tree, usually 40 or
so feet high, with a girth of z or 3 feet.

The foliage exudes a sweet smell
afterrain. The barkis used in tanning,
and gives the peculiar odour to Russian
leathers,

The tree is a native of Great Britain,
and also abounds in Russia, Sweden
and Norway.
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The Oak

" The Monarch of the Woods” is
beautiful and useful in life and valuable
afterwards. It is known to science as
Quercus rober. (' Rober” is from
the Latin, and signifies strength.} Itis
found throughout Europe and Asia,
except in the extreme North. In
Britain it is by far the commonest of
our forest trees. A tree growing in a
wood differs in appearance from an
isolated oak. In crowded situations,
the tendency is to develop lengthy
timber, 1ts whole energy being devoted
to reaching the light, but where it has
room to grow 1t makes a grand tree.
It scems particularly liable to damage
through electric storms.

The leaf i1s well known, but the
flowers are not conspicuous., These
appear about May, before the leaves
expand. The male flowers are more
numerous than the female, and are
borne on long pendant catkins, having
about a dozen flowers each. When
ripe, the stamens burst and shed
quantities of pollen, some of which,
being scattered by the wind, ulti-
mately finds its way to the female
flowers. In the cases of wind pollina-
tion the flower must be produced early
in the year, before the foliage is so
thick as to be tn the way and thus
prevent the pollen from reaching the
female flower. These will be noticed,
standing erect, near the ends of the
twigs, but, being small, are not so easily
seen as the male.

The fruit is the well-known acorn.
When the seed is mature, about
Qctober, the nut contracts, thus loosen-
ing itself from the cup, from which it is
dislodged by the wind and falls to the
ground. Autumn winds scatter the
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seeds; Squirrels and other wood-folk
carry and drop them about, and so the
seeds fallen from the parent plant
often grow at great distances from it.

The Oak is of slow growth, and is
thirty to forty years old before it bears
fruit.

QOak timber is very hard and durable,
and often shows a most beautiful silver
grain. Next to the timber, 1ts bark
is most important, being used 1n
tanning. The bark of some species of
Oak, too, furnishes the cork of com-
merce. Large tracts of country in
Southern Spain are covered with these
trees.

There are many ancient and historic
oaks which are objects of sentimental
interest, Boscobel, near Wolverhamp-
ton, in which King Charles 11 1s sup-
posed to have sheltered from the
soldiers of Cromwell, and the Shelton
Oak, near Shrewsbury, from which
Owen Glendower watched the Battle
of Shrewsbury in 1403, being examyples

Oak trees often grow to a great age ;
they are said to be 300 years in grow-
ing, 300 years in matunty and 300
years in decaying. A monster tree
which grew near Newport, Monmouth-
shire, was felled 1n 1810. The branches
were said to have spread over 452
square yards, and the tree, which was
sold for £6oo, yielded 2,400 cubic feet
of timber and 6 tons of bark (Fig. 35).

The Ash

This is a tree which denotes strength
and grace. Its trunk is firmly cylin-
drical, ash-grey in colour. The main
branches grow gracefully in an upward
oblique direction, the smaller branches
first dipping down and then tilting up
again, like the antlers of a deer. The
tips of the branches are flattened, as

THE BARTH OF A TReEE

THE BIRTH OF A TREE.

The illustration shows the development of a young

tree from the wuiged fruit. The double samara or

the Sy.amore should be compared with that of the
Field Maple, Fig. 37.
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if they had been pressed by a weight,
Black buds are peculiar to this tree
and make it the easiest to recognise.

The wood is used for all purposes
where flexibility is required, such as
the shafts of carts and traps, oars, axe
and hammer shafts.

The leaves are compound pinnate.

The fruit is the well-known bundles
of *“ash-keys.”

The Guelder Rose

This is more a shrub than a tree, and
its wood is of little use commercially.
As a common hedgerow shrub, how-
ever, its buds provide a useful study.

The buds are arranged opposite on
the stems and closely pressed to them;
the scales are generally of a pinkish
nature.

The flowers of the Guelder Rose
take the form of an umbel. The ray
florets {or outer flowers) are incom-
plete and, therefore, cannot produce
fruits. The true flowers are incon-
spicuous, but the fruits form beautiful
red berries. In autumn the folage 1s
very conspicuous, changing from green
to a mottled grey and later to a dark
yellow.

The Sycamore

This is another of our hard-wood
trees, the wood of which is used for
the manufacture of furniture.

Its buds are opposite on the twigs
and are protected by yellowish-green
scales with dark brown margins and
tips.

The bark is, as a rule, smooth and
scaly. A full-grown tree has a sturdy
trunk ; strong branches, low down, are
more or less horizontal, while those
higher up the trunk have an upward
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trend. The tree gives the impression
of sturdy independence and offers a
stubborn resistance to the strongest
gale.

The fruit of the tree forms a double
samara (Fig. 32). The wings are im-
portant from the point of view of
wind dispersal.

Like all its allies, the Maples (Fig.
37), the tree has a very sugary sap,
which often rises up and oozes through
the leaves. This fact is a disadvantage
to the tree and induces attacks from
the Green Fly and also the Cuckoo-spit,
From one of the Maples sugar is pro-
duced 1n America,

The Walnut

This is a fairly well-known tree in
this country, and was introduced by
the Romuns It is a very quick-grow-
ing tree, and reaches a height of 20 feet
in less than ten years. When fully
grown it may reach a height of 70 feet.
Its trunk 1s covered with a rough,
fissured bark, the branches being very
crooked,

The leaves are similar to those of
the Ash, but the leaflets are much
larger.

The female flowers are formed on the
new growth, the staminate flowers
being produced at the tip of the last
year’s growth,

The seed of the Walnut is commonly
termed the nut. After splitting open
the hard shells, the two cotyledons are
exposed. This s the part eaten.
When carefully examined the embryo
can be clearly seen between the seed-
leaves.

The wood is valuable, and is used for
furniture, piano cases, etc., the grain
being a distinctive feature.
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The Syringa

This is commonly called the Lilac,
and is one of the most delightful of
our flowering shrubs. It was intro-
duced to this country from the east of
Europe about the year 1595. There
are many types now in this country.
The white species, Syringa Persica alba,
was introduced from Afghanistan, the
crimson type, Syringa japonica, from
Japan, etc. The shrub belongs to the
same natural order as the Ash and
Privet (Oleacez), and by reason of the
early opening of the buds is useful for
classroom work {Figs. 30 and 34). The
wood is of little use commeraally, the
shrub being grown mainly for decora-
tive purposes.

The Scots Pine

The Scots Pine (Pinus sylvestris) is
perhaps the best-known comfer found
in this country. It belongs to the
second great group into which the
Vegetable Kingdom is divided, viz. the
Gymnosperms. The distinguishing fea-
ture of this plant division is that the
seed is borne on an open camel or
scale. In the Pine the carpels or
seed-bearing scales are situated to-
gether on an axis, thus forming the
familiar *“ cones.” Thereare only three
types native to this country—the Pine,
the Yew and the Juniper. At the
present time, however, we have many
plants belonging to this division, such
as the Firs, Monkey Puzzles, Cedars,
etc., which have been introduced and
acclimatised.

The Scots Pine is found wild or self-
sown in many places, but more often
the young trees have been planted.

When young the tree has the regular
Pyramidal form familiar in its rela-
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tives used as Christmas Trees, but in
older trees, the lower branches have
usually perished and the crown of
branches borne on the stout, tapering
trunk is irregular but often beautiful.

If a leafy shoot is examined it will
be found that the green leaves are not
borne directly on the main stem. This
bears only small brown scale leaves,
which are spirally arranged and closely
crowded. In the axil of each of these
scale leaves is a lateral shoot. This
has the remains of a few scale leaves
and only two green foliage leaves.
Between these the little growing point
of the shoot will be found, but this
remains inactive and the shoot bears
no more leaves and does not increase
in length. These two-leaved shoots,
upon which all the foliage of the tree
is borne, are called short slocts, in
contrast to those to which the growth
and branching of the tree are due.
These long shoots bear only brown
scale leaves.

The foliage leaves are the well-known
needles ; each is long, narrow and
pointed, convex on the lower surface
and flattened above. After living for
several seasons, the short shoots, with
their leaves, drop off and the older
parts of the branch system are bare
except for the scale leaves. The toup
of each long shoot ends in a large brown
bud ; this is covered with bud scales
which protect it through the winter.
In spring it grows into a shoot increas-
ing the length of the branch, terminat-
ing in a resting bud. The short shoots
bhave already developed on the new
growth and have only to attain their
full size.

Just below the terminal bud are
several similar buds borne laterally.
These, like the terminal bud, do not

develop further until the following
spring, when they grow out into long
shoots. Thus several branches stand
at the same level, at the upper limit
of each annual addition in length to
the main stem or branch. Conse-
quently the number of false whorls of
long shoots denotes the number of
years of growth of the stem which
bears them. It is, however, necessary
to add three to the number if we wish
to calculate the age of the tree, because
no false whorls are formed until the
end of the third year of growth of the
main stem.

N.B.—The female cones take the
place of the lateral buds. The pine
bears two kinds of flower, staminate
and carpellary. The male inflorescences
arise in the axils of scale leaves on the
long shoots. They are inserted later-
ally on the more basal parts of the long
shoots of the current year, and occupy
positions taken by dwarf shoots on
vegetative branches. Above the spike-
like inflorescence a few foliage dwarf
branches are seen. On older shoots,
two or three vears old, the spurs or
scars of fallen staminate flowers are
found (Fig. 30).

The female inflorescences are small,
erect lateral eones, often two or three
together immediately behind the ter-
minal bud of the long shoots. They
occupy positions similar to the lateral
buds.

Thus a carpellary flower takes the
place of a lateral long shoot, whereas
a staminate flower replaces a vegetative
short shoot.

With the Gymnosperms, special terms
are used to indicate the various parts
of the tree or shrub, and the following
are the chief :

Leaves are arranged in pairs oo a



OPENING OF Bupe (SvRiINCA OR luLac) l

¥ B y
Fic.34 DRAWN  FROAT MNATURL A HR

THE OPENING OF BUDS
v the elongation of the axis of

The two upper illustrations show the opening of the scale leaves, tollowed b
al buds produced flowers—the

each bud, The two lower drawings indicate that in the twig used, the” termin
lateral buds formed vegetative shoots only.

73



74 MODERN TEACHING

short lateral branch in the axil of a
small scale called a Kataphyll.

The term bifoliar spur is applied to
the lateral vegetative short shoot ;
hence bifoliar spurs arise in the axils
of scales known as Kataphylls.

At the end of the year's growth the
bifoliar spurs produce scale leaves
indefinitely. The spurs only last two
to four years and then fall off; the
whole short shoot or bifoliar is shed.

Sometimes the bifoliar spurs assume
a different appearance altogether, tak-
ing the character of scales bearing
sporangia.

The sporangia-bearing scales of
sporangiferous leaves have sporangia
on their undersides, The sporangia
are always produced at the base of the
year’s growth. These sporangia are
called Microsporangium, and eacu spore
a Microspore. The spore has a balleon-
like outgrowth on each side, and this
enables the wind to bear away the pollen
grain. The collection or male scaminate
cone 1s termed the Micrasporangiate.

The staminal or sporangiferous leaves,
termed microsporophylls, are arranged
spirally on an axis. Lach micro-
sporophyll bears two microsporangia,
containing a large number of micro-
spores or pollen grains.

The Female or Carpellary cone is
found at the upper part of the previous
year's growth—occupying the position
of a lateral bud. The cone has a fairly
long stem, covered with scale leaves.
Larger scale leaves are formed, on the
upper surface of which is a large
cushion, the Placenta, bearing a sporan-
gium on either side of the base.  These
sporangia are termed Macrosporangia,
the “‘spore” the Macrospore or
embryo sac. The carpellary cone is,
therefore, termed Macrosporangiate.

Each macrosporangium is covered
with a coat or integument which has
an aperture, mouth or micropyle at
the base. Each sporangium contains
only one spore.

Development of the Microspore

Before the pollen grain is ripe,
important changes take place in its
interior. Each microspore, when first
formed Dby division of its mother
cell, is merely a single cell with one
nucleus.

() The wall of the cell is covered
on the outside by a layer of cuticle.
At two places on opposite sides of the
grain the cuticle becomes separated
from the inside cellulose wall. The
spaces thus formed are filled with water,
and when first formed are like blisters
on each side of the pollen grain. The
water ts absorbed and the spaces become
filled with air when the nucrospore is
rnipe.  This curious arrangement has
the effect of reducing the weight of the
pollen grain in proportion to its surface
—these lateral cxpansions acting as
WIngs.

(B) Before the microsporangium de-
hisces, several changes take place,

(@) A small cell is cut off from the
end furthest from the insertion of the
wings, shaped like a watch glass.

(6) Two more cells are cut off, so we
get three cells placed one above the
other, and projecting into the cavity
of the first cell. The first two cells
collapse.

(¢) The remaining cell grows rapidly
and divides into two, forming a little
Prothallial cell and a larger terminal
cell (Generative cell), which is large
enough to reach half-way across the
cavity of the grain (Fig. 36).

The pollen rain or microspore of
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Pines is, therefore, much more compli-
cated than that of an Angiosperm.

Later Development, preceding Fertilisation

The large vegetative cell grows out
at a point opposite to the generative
cell to form a tube. At a later stage
the antheridial cell or generative cell
divides into two, each with a very large
nucleus. The microspores are blown
about by the wind and eventually come
to rest on the Macrosporangiate.

The Macrosporangium

It has been noticed that the Macro-
sporangium consists of a conspicuous
scale produced on the upper surface
of a much smaller scale. These first
small scales may be termed carpellary
scales (bracts), and the larger out-
growths which bear the macrosporangia
(macrosporophylls) can be termed ovuli-
ferous scales. These scales may be
regarded as a placenta, which, in this
case, greatly exceeds the size of the
carpel which produces it. There 1s
much uncertainty as to the identity
of the parts of the female cone.

Each macrosporangium consists of
a mass of tissue known as the nucellus,
surrounded by an integument which
opens out into a wide, winged niicropyle
In the nucellus one cell is much larger
than the others, and this is termed the
macrospore, or embryo sac (Fig. 36).

In May or June the axis of the car-
pellary cone elongates, thus leaving
spaces between the macrosporophylls.
The microspores are carried by the
wind on to the macrosporophylls, and
alight on the micropyle of the integu-
ment. Later the nucellus closes up
and draws the microspore down through
the micropyle—the lips of the integu-
ment also close. More than twelve
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months elapse before fertilisation takes
place, but changes are going on inside
the wmacrosporangium.  Pollination
occurs in May, but the process of
fertilisation does not take place until
the next year—in June.

The Female or Carpellary cones re-
main on the trees for three years, when
the scales open out and expose the
winged seeds. The wood is known as
Red Deal, and is used for all kinds of
school furniture. Often the smaller
trees are cut into long lengths and used
as pit props ; scaffold and wireless poles
are also made from the young trees.

The turpentine extracted from the
wood 1s of medicinal value, but as a
rule this material is imported.

The Elm

This is also a distinguished tree,
found growing in all public parks and
in country areas. It is a shallow-
rooting tree, its main roots keeping
within the first three feet of soil.  The
main branches are usually thick and
brittle, rendering an avenue of Elms
a very unsafe place in a gale. The bark
is usually very thick and rugged, and
often the smaller twigs show the corky
nature. The inner part of the bark,
the Last, is known as ' liber.” This is
very tough and stringy, and is used
for making rope and mats. The wood
is hard, will take a fine polish, and is
used for indoor purposes.

The winter buds are of two kinds, the
small oval leaf buds and the larger round
flower buds, which open first. The
purple flowers open early in March,
before the leaf buds have developed.
Although winged fruits are formed and
can be seen at the end of April, they
seldom ripen in this country. This
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goes to show that the tree has not yet
become acclimatised, although it was
introduced to England by the Romans.
To compensate for this disability, the
Elm throws up from its roots numerous
suckers. These soon develop, if in a
hedgerow, into fair-sized trees, and
ultimately become detached from the
parent.

Generally the seed of the Wych Elm
will germinate in this country. The
winged seeds are somewhat similar to
those of the Common Elm.

Both trees live to a great age-—well
over 400 years—but the most useful
wood is obtained from those under
200 years old. Unfortunately these
trees are often spoiled by the ravages
of a beetle and its larvae. The adult
beetles eat into the bark until the
cambium is reached. The eggs are
laid nearby in the bast, and when the
larvee hatch out, they eat their way
into the wood. This interrupts the
food and water supply of the tree and
ultimately brings about its death.

AUTUMN TINTS AND LEAF FALL

The leaves of most of the trees and
shrubs in this country fall at the end of
a growing season. This phenomenon
is a distinct physiological process com-
mon to all the broad-leaved trees and
shrubs of temperate regions. It is not
a loss for a deciduous tree to lose its
foliage in autumn, but a decided gain.
Leaf-clad boughs would offer a greater
resistance to the wintry gales and
would undoubtedly be torn from the
trunk. With the fall of the leaf this
danger is avoided.

Further, during the summer the
leaves have been manufacturing food,

some of which has been used in the
building up of new tissue, supplying
the embryo of seeds with a reserve
supply, the remainder being stored in
the tissues of the plants themselves.
As the colder weather approaches, the
delicate absorbing organs, the root-
hairs near the surface, are destroyed;
the absorption of food material cannot,
therefore, take place at the usual rate.
As the temperature lowers, the trans-
piration process also tends to lose its
power, and hence the colder weather
affects two vital functions.

As soon as these conditions arise,
the chlorophyll and other materials
in the leaves become disorganised and
pass back into the branch or stem,
leaving only the dry outer membrane
and cell walls. This passing back of
the chlorophyll, etc., into the branches
gives the familiar autumn tints.
Various leaves contain coloured pig-
ments and other chemicals, which
become visible only after the disorgan-
ising of the chlorophyll,

Tints vary with each particular plant
and depend to a considerable extent
on the summer conditions. The sickly
colour of the Ash and the rusty brown
of the Sweet Chestnut might be con-
sidered as natural colours. The leaves
of the Horse-chestnut contain a yellow
pigment which, with the natural colour,
gives the beautiful lemon shades to
the falling leaves. Red tints usually
appear after the yellow, but in trees
such as the Elder, Cherry, Vine and
Virginia Creeper, the reds mingle with
the decomposing green.

The Blackberry is one of the last
to show the effect of the autumn tem-
perature, and its beautiful tints of red
and brown can often be found adorn-
ing the hedgerows in early winter.
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The leaves, even when they have
lost their function, are not torn from
the trees. The dangerous effect of an
open wound is prevented by the forma-
tion of a protective layer of cork (the
Absciss layer) between the petiole and
the stem. This originates some time
before the actual fall of the leaf, its
gradual development bringing about
the first signs of autumn. When fully
formed it only remains for the wind
to detach the leaves, leaving a com-
pletely healed scar.

Even after falling from the trees, the
leaves are of value. Many are dragged
into the earth by the worms; others
decay on the surface of the ground,
but in all cases bacteria and fungi
change them into nutritious leaf soil
which, during a future season, will pro-
vide food for other plants.

Leaf-fall must not be regarded as
the dropping of dead leaves. It is
Nature’'s provision for the safety of
the trees. Moreover, this process does
not take place in branches detached
during the summer, and leaves which
are prematurely killed by excessive
heat remain firmly attached to the
branches.

A number of trees and shrubs appear
clothed in green all the year through.
These are described as evergreen. In
such trees the leaves produced from
buds in the spring do not fall in the
following autumn or winter, but may
live for several seasons. The length
of time during which a leaf of a
so-called evergreen tree may remain
depends on the type of tree, the climatic
conditions and the soil.

In Privet, the leaves often remain
on the twigs during the winter and
fall off when the new buds open in
spring. The Holly sheds its lower or

oldest leaves first, losing a few every
year.

Some leaves, especially those of the
conifers, remain on the trees year after
year ; those of the Scots Pine fall after
about four years, the leaves of the
Cedars may last for ten years or even
longer.

Buds and Bud Arrangement
(Figs. 30 and 31)

Trees having Buds Opposite on the
Twigs

(1} The Wayfartng Tree has naked
buds, that is, there are no protective
bud scales. When young the twigs are
blood-red in colour ; generally smooth
and slender,

(2) The Ash has one or two scales
of a sooty black colour. The young
twigs are smooth and a greyish green,
showing flattened ends, as if they had
been crushed. In winter the terminal
buds are much larger than the lateral
ones.

(3) The Common Guelder Rose—a
common hedgerow shrub—has pinkish
bud scales, generally one or two being
prominent. Near the tips of the young
twigs, longitudinal ridges are in evi-
dence.

(4) The Horse-chestnut buds are the
best known. In winter they are covered
with brown scales and a sticky resinous
substance which helps as a further
protection to the immature shoots.
The twigs are stiff and comparatively
thick ; the terminal bud is much more
prominent than the lateral buds. The
leaf scar in the shape of a horse-shoe
is a distinguishing feature,

(5) The Sycamore is another tree
which has stiff and somewhat thick
twigs. The bud scales are of a yel-
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lowish-green colour with brown mar-
gins and tips.

(6) The Maple, which is allied to the
Sycamore, can be distinguished by its
pinkish or ruddy-brown bud scales,
which are generally green at their
bases. The twigs are stout and firm
and of a light-brown colour.

(7) The Spindle Tyee, which is not
so common as those previously men-
tioned, has twigs which are slender and
bright sage green in colour. Its bud
scales are closely and compactly ar-
ranged, generally green in colour, with
pinkish margins.

(8) The Buckthorn also has very
slender grey or brownish-grey coloured
twigs. The terminal and lateral buds
are small, being covered with closely
compact, smooth, reddish-brown bud
scales. Some of the branches form
thorns.

(9) The Common Privet is a well-
known shrub. Itsbuds are small, with
olive-brown scales. The shrub is often
regarded as an evergreen, for generally
the leaves remain attached throughout
the winter (cf. the Ash and Lilac).

(x0) The Honmeysuckle of the hedge-
rows is not a tree in the true sense of
the word. Its buds are opposite on
the greyish-brown, shining and cylin-
drical stems which cling round supports.
The bud scales, which are very loosely
arranged,are of a brownish-greencolour.

(xx) The Elder is another example of
buds whose protective scales are very
loosely arranged. The twigs are of a
light greyish-brown colour, showing
distinct longitudinal ridges. The loose
bud scales are brownish-red and jut
out slightly from the twigs.

(x2) The Common or Field Maple
seldom grows to the dimensions of a
tree, but is a common hedgerow shrub.
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The twigs are velvety, yellowish-green
or a greenish-brown in colour, and
when young are hairy. The bark of
older twigs is deeply fissured longi-
tudinally and often becomes very thick
and corky. The buds, pressed closely
against the twigs, are green to brown
in colour (Fig. 37).

Another group of trees can be identi-
fied by their alternate bud arrange-
ment. In this type the buds are found
arranged in two longitudinal rows on
opposite sides of the twigs, the buds
being round, oval or pointed.

(1) The Lime buds are roundish-oval
in outline, having one or two reddish-
brown bud scales. The twigs are
smooth, blood-red or orange-red, with
a somewhat shiny surface. The ter-
minal bud often dies during the winter,
and hence the crooked appearance of
the younger branches.

(2) The Spanish or Eating Chestnut
has twigs of a deep red or reddish-
green colour which are quite straight,
but show longitudinal ridges. It will
be noticed that the leaf scars are not
immediately below the buds, but slightly
to the sides. The visible bud scales
are deep red in colour, with darker
edges.

(3) The Elm is an interesting type.
The buds are about twice as long as
broad, dark brown in colour, several
closely compacted scales being visible.
The light-brown young twigs are more
or less hairy. Older twigs show rich-
coloured fissures on the bark.

The Wych Elm is very similar in
appearance, but the buds are more
than twice the size.

(4) The Hazel has its buds flattened
on one side. They are generally
covered with pale brownish or reddish-
green scales. The young twigs, grey-
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ish-brown in colour are usually hairy
(Fig. 38).

(5) In the Beech the buds are pointed
and three times as long as broad, often
over  inch long and round in section.
The twigs are slender and smooth, and
from these the buds jut out.

(6) The Hornbeam is somewhat simi-
lar in winter to the Beech, but its buds
are not nearly so long. The buds lie
close to the stems and are more or less
angular in outline. By casual observers
this tree is often mistaken for the
Beech, but certain characteristics show
distinguishing marks. The buds of
the Beech are long and spindle-shaped
and jut out from the stem ; the leaves
when young are downy, and the lamina
shows eight to ten pairs of ribs from
the centre veins. The Hornbeam buds
are shorter and thicker; the young
leaves do not have a downy or silky
appearance, and the edges are serrate.
The fruits of the trees are easily
identified : the Beech has a capsule
containing two triangular nuts—
the Hormbeam fruits are in a long
drooping cluster with triple extended
wings to which two corn-like fruits are
attached.

The other group of trees can be
identified by their spirally arranged
buds on the twigs. They can further
be grouped under the following heads :
(a) buds naked, (b) buds stalked, (c)
buds sessile, with many visible bud
scales and hairs or emergencies upon
the twigs, () buds sessile, with several
bud scales visible.

(a) Buds Naked

(x) The Black Alder is a good repre-
sentative of this type. The young
twigs of this tree are reddish in colour
with dark red buds.

(b) Stalked Buds

(2) Stalked Buds are to be found in
the Alder and Black Currants. In the
former the young twigs are roughly
triangular in section and of a brownish
or reddish-brown colour. There is
generally one bud scale visible on the
angular dark-brownish bud, the stalk
of which is often more than { inch long.

(3) The Black Currant has smooth
twigs of a pale-brown colour. The
stalked buds are round and have several
dark pink scales visible.

(c) Buds Sessile on the Twigs

(4) Buds Sessile on the Twigs with
apparently only one bud scale are to
be found in the Willows. Various
members of this family, however, can-
not be identified by their buds alone,
for there are a large number of trees
showing slight variations only in the
bud but a great difference in the general
growth. The White Willow is perhaps
the best known. This has pale-green
twigs and small yellowish-green buds.
The older twigs become reddish-grey
and dull in appearance. The leaves,
when young, have silky hairs on the
upper and lower surfaces, which give
the appearance of whiteness.

(5) The Sallow has soft hairy twigs
with large buds. The twigs are much
the same as the White Willow, but the
change to the dull grey is not so pro-
nounced. The leaves show a varia-
tion, being slightly ovate in outline,
those of the White Willow being
lanceolate (Fig. 33).

(d) Buds Sessile with Several Bud Scales
Visible
In this section are included those
trees or shrubs which show hairs or
emergencies upon the twigs.
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(6) The Dog Rose (Rosa canina) has
round twigs with emergencies called
prickles, which have stout bases, the
tips pointing backwards. The buds
are smooth, round and blunt at the
tips. The colour varies somewhat,
but generally they are greenish-grey.

(7) The Blackberry has angular twigs.
The prickles are more numerous than
on the Rose and are irregularly placed.
The buds, of a greyish-green colour,
are hairy, pointed and long.

In the Gooseberry the prickles are
straight and are situated beneath the
buds only The young, round twigs
are bright yellow. The yellowish-green
buds on slight stalks are pointed.

The Barberry, Raspberry and Iogan-
berry are other examples of this sec-
tion,

() Buds Sessile- -No Emergencies Pre-
sent

(8) In the White Beam the bud
scales are green, with narrow brown
edges and keeled. The buds are hairy
at the tips and somewhat flattened on
one side.

(9) The Mountain Ash or Rowan has
black or dark purple bud scales. The
buds are larger, often more than
1 inch in length.

(xo) The White Poplar buds, which
are plump and pointed, are hairy all
over. The twigs appear to be covered
with a white, cottony film which gives
the appearance of whiteness. The
leaves also show this loose, white,
cottony film.

(x1) The Crab twigs when young are
slightly hairy. The buds are more or
less triangular in outline and pressed
closely to the stem.

(12) The Black Poplar has long,
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narrow, pointed, smooth buds, which
are covered with resin at the tips. The
twigs are of a dark reddish-brown
colour and are furrowed.

(13) The Hawthorn has greyish-
purple twigs on which are brown-red-
dish buds. Generally there are two
together, one large and the other small
Spiny branches are found at the sides
of the buds.

(14) In the Oak, the buds are crowded

together at the end of long, greyish-
brown branches. The yellow or chest-
nut-brown buds stand out from the
stem. Usually they are quite smooth,
plump and rounded at the tips (Figs. 31
and 35).

Other trees showing spiral bud ar-
rangement are the Apple, Pear, Plum,
Cherry, Aspen, Lombardy Poplar,
Walnut, Red Currant and Wild Service
Tree.

CHAPTER 1V
POND LIFE

HE study of pond life opens up a

very wide field for the enthusiastic

teacher. He has not only the
plants which grow in the water or on
the surface, but myriads of living
organisms, larve, pup® and adult in-
sects, which provide an endless variety
of subjects. Unfortunately the study
of the inhabitants of the ponds does
not receive the attention the subjects
deserve, Much new work on the life-
history of the various inhabitants has
yet to be done, and some of this re-
search work can and should be done
by the enthusiastic Nature-Study
teacher.

In this volume it is only possible to
give the life-history of such types as
can be examined and studied by means
of the aquarium. Much of the work
will be based on the practical side
which has been carried out at the
Farm School in connection with the
Demonstration School of the Univer-
sity College, Reading, and in elemen-
tary schools by the Author.

This most interesting work should

be begun by taking the children to
a pond and allowing them to secure
specimens for the aquarium. The
study will then be a matter of close
observation on the part of the teacher
and scholars.

The following section will contain a
brief account of the plants found in
ponds and the easily obtainable larva
and adult insects.

Duckweed

The Duckweed is a very simple plant
found on the surface of ponds. Its
leaf-like fronds, which are really the
stems, are the more conspicuous, for
the simple roots hang down from the
under-surface into the water. This is
a typical plant of stagnant waters. It
will be noticed that it is not attached
to any object, but simply floats on the
surface of the water. In autumn, buds
are formed on the fronds, and these sink
to the bottom of the pond, arising in
spring to carry on the growth of the
species. Occasionally flowers of a very
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simple type are produced, from which
seeds develop, but this is rare.

Water Crowfoot

The Water Crowfoot or Water Butter-
cup is an interesting type. In this
plant two kinds of leaves are found}y
those on the surface of the water are
flat and divided into three lobes : those
under water are thread-like, and spread
out in all directions. These sub-
merged leaves show the adaptation
for an aquatic life. By means of these
leaves the plant is enabled to obtain
oxygen from the water before the
ordinary foliage leaves have reached
the surface. This is a characteristic
modification of lcaves which remain
completely submerged.

The Water Crowfoot has a typical
Buttercup Flower; the petals, how-
ever, are white, tipped with yellow.
Its achenes, when ripe,are carried on the
surface film of water, and might be
used as an example of dispersal by
water.

American Pond Weed

Another type, extremely useful for
aquarium work, is the American Pond
Weed (Elodea), which is found in many
canals and ponds. It lives wholly
submerged, attached by roots to the
bottom or side of the canal. The dark
green, semi-transparent sessile leaves
are arranged in whorls of three or four.
In this country the female flowers only
are produced, and hence the reproduc-
tion by seeds is impossible. Generally,
increase is due to the breaking off of
twigs by the water fowl or other
inhabitants.

N.B.—The stem and leaves are very
useful for showing that oxygen is given
off by green plants during sunlight.

The Bladderworts

The Bladderworts, often found on the
surface of deep ponds, are other useful
plants for the aquarium. Each plant
consists of long, root-like, branched
stems, bearing on them thin filamentous
leaves on which are borne the character-
istic bladders. In such plants the
animal nature seems to be prominent.
By means of the bladders the plant is
able to entrap very small aquatic
organisms,  crustaceans especially.
Entrance to the bladder is quite easy,
but once inside there is no escape,
small hair-like structures preventing
this. When the organisms die, the
products of decay are absorbed and
used by the plant. Flowers of a con-
spicuous yellow are produced in sum-
mer, well above the water. These
produce seeds from which new plants
arise the following spring.

The Water Milfoil

The Water Milfoil is another plant
often found in ponds, and also in slow-
running streams. This plant has a
distinct rhizome, which creeps along the
bottom of the pond, sending up shoots.
Thestemsareslender and bear numerous
filamentous leaves, similar in formation
to the submerged leaves of the Crow-
foot. The tips of the stems project
above the surface of the water and bear
very small pink flowers of two kinds,
the pollen-bearing flowers occupying
the highest parts of the spike.

The Arrowhead

The Arrowhead is another plant often
found growing in open ponds. This
plant exbibits three kinds of leaves.
The first, more or less filamentous
leaves are quite submerged ; the tips
of another type which assume a linear
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shape are found floating on the surface
of the water. The aerial and third
type are sagittate in shape and from
this kind of leaf the plant gets its name.
The flowers have three white petals,
each having a deep purple spot close
to the point of insertion on the re-
ceptacle. There are two kinds of
flowers, male (staminate) and female
(carpellary). The lower ones on the
flowering axis are the carpellary flowers,
and these have shorter pedicels than
the staminate flowers, the latter occupy-
ing the upper region of the axis.

The Water Plantain

The Water Plantain (Plantago
Aquaticum L.) is another pond-side and
often river-side plant. The large leaves
are all radical (springing from the root
stock) oval, lanceolate or subcordate
in shape. The tall, loosely panicled
flower stalk is a distinguishing feature.
Generally the pale rose or lilac-coloured
flowers are small. The perianth con-
sists of three small outer coloured
sepals and three inner larger petals.
At the base of each of the six stamens
are two nectaries. The fruits are
generally dispersed by water.

The Skullcap

Growing near the banks of ponds may
be found the Skullcap, a member of the
Dead-nettle Family (Labiat®). The
stem is square in section, typical of the
Labiate, and grows to a height of a
foot. The leaves are arranged in
alternate pairs along the stem, and from
the axil of each leaf a flower arises.
The bluish flowers all turn in the same
direction. Unlike those of the Dead-
nettle, the lips of the corolla are nearly
closed. This is another adaptation for
pollination, for only insects of a small

size can enter the flower tube in search
of nectar. When the insect enters the
flower, it becomes coated with pollen,
which is transferred to the stigma of a
similar flower on a subsequent visit.

The Forget-Me-Not

The Forget-Me-Not, also, is often met
witll when visiting ponds. Its stems
are of rather a weak nature, but often
reach a height of 1z-18 inches. The
sky-blue flowers are borne on a long
raceme. All the petals are joined
together to form a tube, which has a
yellow centre or eye. Generally the
size of the flowers varies with the condi-
tions of growth, those in or near the
water being the largest, often 4 to 4 inch
in diameter.

The Iris

The Irisis another plant of the water-
side. This plant grows from a hori-
zontal root-stock, and its sword-like
leaves are conspicuous. The yellow
flowers appear in twos and threes round
a flowering axis, which has on its lower
parts a sheathing bract. The perianth
consists of three coloured sepals and
the petals; the former give the Iris
its characteristic name of Flag. Over
the inner segment there are three petal-
like stigmas joined together on one
style at the base. The three stamens
are inserted on the sepals.

Meadow Sweet

The Meadow Sweet is a very common
plant of damp places, often found on
the edges of pools. Its small, rose-
pink flowers have a distinct Almond
scent. The reddish stem is usually
about 3 feet high, and bears pinnate
leaves. The terminal leaflet is divided
into three others, all of which are green
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above, and on the under-surface covered
with a soft, white down.

Bulrushes

Bulrushes or Red Maces are often
met with. These grow from a short
root-stock, which creeps in the mud,
throwing up stems 6-8 feet high. The
linear leaves are very long, often reach-
ing a length of 10 feet. The flower
spikes in the early stages are most
interesting. They are enclosed 1in lace-
like bracts before they emerge from the
sheathing leaves. As the flowers reach
maturity these delicate structures float
away in pairs, leaving the staminate
and pistillate flowers free. After pol-
lination the upper or staminate flowers
die off, leaving the pistillate flowers
as a closely compacted brown spike.

The fruits, which have been men-
tioned previously under the heading
Fruit Dispersal, remain on the axis
during the winter. On becoming de-
tached in spring, they are carried away
from the plant by the wind—the most
beautiful of seeds. Other plants such
as the Naiads, with their grass-like
leaves, are often found. Water Violets,
which are found growing near the edges
of ponds, have primrose-like lilac
flowers. The stems are entirely sub-
merged. The leaves consist of finely
divided segments, only the flowcring
axis coming above the water.

Water Lobelia

Water Lobelia is another interesting
aquatic plant. Its leaves are radical,
the flowering axis only coming above
the surface of the water,

The Sedges, Rushes and Water Lilies
The Sedges, Rushes and Water Lilies

are other types which may be found.

The Water Lily sends up its large heart-

shaped leaves to the surface of the
water in May. The flower buds appear
on the surface later, showing five large
sepals—yellow on the inside—a double
row of smaller yellow petals, in the
centre of which are numerous stamens
and a syncarpous ovary. When ripe,
the walls of the carpels separate ; each
carpel, by reason of an air channel
surrounding it, floats on the water and
is eventually dispersed by the wind.

Frogs and Toads

The inhabitants of the ponds are a
delight to study. Inearly spring, Frogs
and Toads abound, and much useful
work can be done in schools by the
study of the life-history of these
creatures.

The adult Frogs hibernate in the
mud on the sides of ponds or ditches
during the winter time. During the
early spring, often at the end of
February, Frogs may be seen swimming
about on the surface of the ponds and
canals. The male may often be heard
on a quiet, sunny day early in March
making the peculiar ‘‘ Crook Croak.”
This is the call to the female. After a
female has selected her mate, the male
mounts on her back, tightly clasping
his two front legs under her breast.
The ova or egg cells are passed from
the female in long strings, and at the
same time the male emits the fertilising
male cells or sperms, which are very
active and quickly become attached to
the unfertilised eggs. Each sperm
rapidly bores through the outer coat
of an ovum, the nucleii fusing to form
the embryo. The egg cell is sur-
rounded with mucus, which takes up
water readily, and rapidly gives the
cell a jelly-like appearance. A large
mass is formed by the eggs, and the
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term Spawn is applied. The fertilised
egg of the Frog does not develop a shell
like the eggs of birds, but remains as
a gelatinous mass.

During the pairing season Toads
visit the ponds and lead an aquatic
existence for a time. The pairing is
somewhat similar to that of Frogs,
but the Toads’ eggs are emitted in
two ropes of mucus, which may be
from 10 to 15 feet long.

The pairing of Toads and Frogs has
led to a curious belief in some country
districts,. When a boy, the writer
well remembers being told that the
young Frogs always killed the old ones.

As a keen desire to study Nature
developed and knowledge was gained
through observation, a doubt as to the
accuracy of the story crept in. Eventu-
ally, finding out that the Frogs came
apart, and acquiring a more accurate
knowledge of their life-history, the old
boyhood tale was entirely discredited.
The story, however, is one which even
adults whose knowledge of Nature and
her ways is limited, might be forgiven
for believing.

Another point especially worthy of
note to country teachers; it is a com-
mon practice to try to part the Frogs
by stone-throwing ; many are killed in
this manner. If children were taught
the value of Frogs and their allies
to the farmers and gardeners, this cruel
practice would be eradicated.

The value of the mucus surrounding
the fertilised eggs should receive con-
sideration. Each envelope serves as
a protective covering for the embryo
and enables the mass to float on the
surface of the water. Its slippery
nature is also a protection from water
fowls, such as the Coot. The spawn is
usually blown about on the surface of

the water, but eventually becomes en-
tangled by water-weeds.

About three weeks after production
the embryo emerges from the envelope
of jelly and becomes free. On first
emerging, it is a very immature organ-
ism, yet distinct parts can be made out
by the useof alens. A headisindicated
by a swelling at one end, a slight depres-
sion indicating the mouth. Behind the
depression is a groove which exudes
a gum-like substance, used in fixing the
embryo to a water-weed. The rest of
the organism gives the appearance of a
rudimentary tail.

The Tadpole

Up to this period, respiration is of a
very simple nature—through the skin.
In about a week the first three rudimen-
tary gills make their appearance ; eyes
develop ; the mouth becomes a definite
organ ; the tail takes a definite fin-like
form, the embryo having developed into
a Tadpole. Gradually true gills are
formed internally, the mouth becomes
harder and horny teeth become ap-
parent. When this stage is reached, the
Tadpole releases its hold on the aquatic
plant and becomes a free swimmer. Its
mouth and teeth enable it to consume
tiny insect larvae and Worms. A spiral
intestine has developed, and an outer
passage can be seen under the tail.
The internal organs have also been
developed, and a two-chambered heart
has made its appearance.

After a week or so, the period varying
with the temperature, a second stage
is reached. From the root of the tail,
hind limbs, each having five webbed
toes, appear. At the same time the
front legs, each with four webbed
toes, are formed, but these remain
enclosed in the gill chamber for some
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THE DEVELOPMENT OF A FROG.

Ll‘lflustrations 1 to 7 show the stages in development of '* spawn.” Stages z and 3 were drawn with the aid
& low-powered microscops—equally good results can be obtamnes with Xio lens. Stage 8 represeats a
fully developed Fror— two vears old,
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time. The hind legs help greatly in the
swimming activity of the Tadpole.

At a later stage, generally three
months or more after hatching, the Tad-
pole undergoes further metamorphoses.
The tail is absorbed and used up in the
building of body tissue ; the mouth loses
its horny appearance and widens con-
siderably ; the skin over the eyes dis-
integrates and the lids become flexible.
The fore legs gradually emerge from the
gill chambers, and the gills lose, to a
great extent, their function, rudi-
mentary lungs having developed.

At the same time a change is going
oninternally. The heart becomes three-
chambered ; the lungs continue de-
velopment. When the Jlungs have
reached their full capacity, the young
Frog leaves the water, for the gills lose
their function and the Frogmust breathe
by means of its lungs alone, or partly
through its skin (Fig. 39).

On leaving the water, the Frog, by
means of its tongue, is enabled to live
on small insects and, later, on Worms,
When fully developed, slugs form an
appetising diet, and hence Frogs are of
incalculable assistance to the gardener.

For classroom study an adult Frog
should be kept in a terrarium. For
some considerable time it will resent
captivity, but ultimately it will become
quite tame. The scholars will eventu-
ally discover the use of the Frog's
tongue, for, when the Frog has become
accustomed to its surroundings, it will
consumesmall Wormsand Snails readily.
The author has taken this observa-
tional work with a Standard V mixed
class, and on each occasion the method
of obtaining food has been discovered.
Observational work has been carried
out in Standard VI on the process of
respiration ; the muscular movements
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can be observed. In each case it was
found that the children caught and
tamed Frogs at home, the alternate
opening and closing of the nostrils, the
movement in the throat and sides of
the body being discovered.

Not Cold-Blooded

Sometimes the Frog is spoken of as
a cold-blooded animal. The term
‘“ cold-blooded " is not correct. Frogs,
Newts and other amphibians have
not a temperature-regulating nervous
system, and hence the blood does not
keep a constant temperature. It has
been proved by eminent scientists that
the temperature of the blood varies
directly with the temperature of the
surrounding medium.

At certain periods, all amphibians
undergo a moult or change of skin.
Generally speaking the skin peels off
a little at a time, the pieces being
swallowed.

In winter the adult Frogs hibernate.
During the summer they become fat;
food is plentiful. As winter approaches
again they seek the water of pond or
ditch, sink in the mud and give up
breathing through the lungs, relying
entirely on skin breathing. The heart
beats slacken, and hence little energy
is required to keep the body alive. The
accumulated fat is used up to supply
the necessary energy, and the animal
rematns in a dormant condition until
the sunny days of early spring.

The life-history of the Toad is some-
what similar to that of the Frog. The
general appearance of Toads differs in
many respects from that of Frogs.
Generally the latter have smooth,
moist skins; the hind legs are much
longer than the fore. Toads have a
dark, warty skin, but their hind legs
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are more in keeping with their bodies.
TheFrog’'stongueisperceptiblynotched.
and the jaws have minute teeth. The
rounded tongueofthe Toadisunnotched,
and there are no teeth in the jaws.
Frogs hibernate in mud ; Toads usually
hibernate in heaps of stone, under
decayed trees orin holesin walls. Both
types, however, visit the ponds for the
breeding season. The spawn of the
Toad sinks to the bottom of the pond
unless entangled by weeds ; the spawn
of the Frog always remains on or near
the surface.

Newts

The Newts form an interesting study
in the classroom. Three species are
to be met with in this country: the
Smooth Newt, the Great Warty Newt
and the Palmated Newt.

Often in early spring the Smooth
Newts may be found, evidently leaving
their winter quarters. From personal
observation the hiding places are
numerous. In the school gardens they
have been found in the light soil of the
cool frame, in the manure heap and
under the bricks forming the borders
of the gardens. In each case the Smooth
Newt has been found, but very poor,
dark-looking, thin specimens they have
been.

On being placed in an aquarium,
however, providing they are three ar
four years old, rapid changes have
taken place, the skin becoming an
olive green and the emaciated body
rapidly developing into a healthy-
looking creature. The author was
exceptionally fortunate two years back
in securing both male and female
specimens at about the same time,
and their subsequent life-history was
observed. They were placed in an

aquarium containing water taken from
anadjacent pond ; a comparatively large
mass of stones was placed in the centre
in order that the Newts, if they wished,
could remain entirely out of the water.
After three days, about a third of the
water was syphoned from the aquarium,
this being replaced by ordinary tap

water. This process was repeated from
time to time. Water Snails were also
introduced.

About a month after capture the
Newts had undergone considerable
change. The male had developed
a crest ; his back and part of his sides
became a deep olive green, the under-
part orange and a colour intermediate
between orange and yellow. The tail
on the upper side appeared a reddish-
green, and on the underside a bluish
colour was observed. The {emale
developed an orange colour underneath,
and this continued from the throat
to the tail. The upper parts were
similar to those of the male, with
the exception that no crest appeared.
From observations carried out on
specimens secured from the ponds, the
above descriptions of males and females
are {airly constant. In one or two
instances the males have been found
with a whitish throat, but this does not
appear to be a constant feature.

The attitude adopted during the
pairing season, early in April, was
interesting to watch. The couple faced
cach other for several minutes, then
had food, the process being repeated
time after time for several days.
The egg-laying could not be observed,
but is somewhat as follows. In the
ponds, the male pairs with several
females in a similar manner to that
already described. When satisfied that
he has raised the interest of the females,
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he discharges sperm cells near to each
of his selected mates. The females
seize a cell, and use it for fertilising an
egg cell. The fertilised eggs are laid
one at a time, the female attaching the
egg to the leaf of a submerged water-
weed, closing the lamina over to form
an envelope, the edges of which are
glued together by the mucilaginous
covering of the egg.

The Newt Tadpole

The later development of the egg is
as follows: In about a week’s time
the Tadpole can be seen coiled up in
the egg-mucilage like a watch-spring,
and if brought above water the springy
movement can be observed. In ten
days the Tadpole breaks through the
covering and sinks to the bottom of
the pond. At this early stage it has
gills similar to the Tadpole of the Frog,
and is probably a ground feeder,

For about a fortnight the Tadpole
remains at the bottom of the pond, ex-
tracting its food from the mud. During
this period the tail develops, and the
sucker of the Tadpole changes to a
mouth. The period of free swimming
has now begun. In an aquarium the
first stages can be observed. The newly-
formed tail is quite transparent at first,
but as time goes on a darker coloration
becomes apparent. The front legs are
the first to develop, and later the
hind legs are formed. Internally, too,
changes are taking place; the lungs
and a three-chambered heart are form-
ing, and in about three months the gills
lose their function.

During this period the body becomes
much shortened, the skin takes on
the characteristic clive-green colour,
and the tail increases in size and
strength, losing its transparency. The

tail is the most important organ of
locomotion ; the legs simply act as
balancing organs in the water. When
fully developed—that is, when thelungs,
heart, tail and legs have taken on their
normal function, the small young
Newt leaves the water and remains on
land, in ditches and damp places until
he is three or four years old.

Newts in the Aquarium

The study of Newts in an aquarmum
provides much interesting observa-
tional activity. During the present
winter, one of the author’s friends has
kept a pair of Palmated Newts in the
classroom aquarium. Although appar-
ently quiescent during the greater part
of the time, they have shown an active
interest in life when the water has
been changed and additional food in
the shape of Worms, Ants'-eggs, etc.,
has been provided. The method of
breathing, swimming, sinking down to
the bottom of the aquarium provide
excellent observational werk for both
teacher and scholars.

The Great Crested or Warty Newt will
be found in some districts. Its skin is
more or less covered with warts. Both
male and female have a crest ; that of
the female, however, is not very pro-
nounced. The tail of the male at
breeding time is conspicuous. The
orange colour common to both sexes
is banded with a silver-grey streak.
There is also a distinct division between
the crest of the tail and the body. By
this means recognition of the Great
Crested Newt can easily be made.

All three species of Newts have the
power of replacing a lost limb. In one
instance this was discovered by a class,
After a visit to a pond to secure larve
of the Water Beetle, a Great Crested
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Newt was captured. On returning to
school this was placed in an aquarium
containing Palmated Newts. A battle
royal took place which resulted in the
loss of part of the tail of a small Newt.
The intruder was removed and placed
in a small vessel alone. Intwo months,
the lost part was replaced ; the Newt
evidently suffering very few ill effects
from the damage.

As a rough guide for identification
purposes, the adult sizes may be of
assistance. The Great Crested Newt
is about 6 inches long, with a power-
ful tail and fairly stout body. The
Smooth Newt also grows to a fair
size, generally 4 to 4} inches long,
its body being quite smooth. The
Palmated Newt is the most common
one met with., Its length very scldom
reaches more than 3 inches. The tail
is its most striking part, and, although
generally grey in colour, often shows a
pale mauve coloration.

The smaller inhabitants of the pools
and ponds are numerous. Free swim-
mers abound ; on the surface are to
be found the Whirligig Beetle moving
backwards and forwards, but on being
alarmed, quickly plunging underneath ;
the Water Spiders and Water Scor-
pions, which row and run on the sur-
face ; the Water Boatinan, which rests
on the surface and then rows backwards
into the water by its own oar-like legs.
Below the surface are to be found the
larve of the May Fly, Dragon Fly,
Brown and Black Beetles, Caddis
Flies, Gnats, etc. The adult stages of
the Brown and Black Beetles are met
with also,

The Brown Beetle

The Brown Beetle larva and the
adult Brown Beetle (Dytiscus margin-
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THE WATER SCORPION
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THE WATER SCORPION.

This insect is sometimes seen crawhng backwards
along asubmerged water weed. Its breathing organs
are a characteristic feature.

alis) are veritable dragons of the
pond, being carnivorous in both stages
of their existence. When full-grown,
the larva has a cylindrical-shaped body
of a yellowish-brown colour. The head
is broad, the powerful mandibles or
jaws are arched, sharply pointed and
perforated at the tips. Its body, which
is covered with a thick, tough skin,
consists of eleven segments, the head
making the twelfth. The six legs are
long and fringed with hairs, thus form-
ing splendid organs for rowing through
the water. When swift movement is
required, however, the body of the
larva forms into constricted curves,
the releasing of which brings about a
springing motion. The tip of the tail
is supplied with two appendages of a
feathery nature, through which the
organism breathes.
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Evidently its body is lighter than the
water it displaces, for when its legs are
still it slowly rises to the surface of the
water in a slightly curved position, the
appendages just coming above. Oc-
casionally a larva may be seen attached
to a pond weed, but in this case its legs
grasp the object tightly. Its voracity
is exceptional, and when innocently
placed in an aquarium it will attack all
the other inhabitants except the larger
Newts. For school purposes it is best
to keep a larva of this kind in a special
aquarium, feeding it with small Min-
nows, Tadpoles and pieces of cooked
meat. When attacking its prey, it
seizes it with its sharp mandibles and
by the aid of a *“sucker’ extracts the
life-blood.

It is not advisible to keep two larva
in the same vessel. If hungry, a battle
royal will be the result, ending in the
death of one, the other using its de-
feated foe for food.

The leading authorities on pond life
state that the larva lives in the ponds
for two years. It then forces its way
into the mud at the water level and
casts its skin, changing into the pupal
stage. After undergoing metamor-
phosis, it changes into a fully-formed
Beetle, having a body well suited for
swift movement through the water.
From head to foot it is covered with a
horny armour, and the mouth becomes
a powerful biting organ. The man-
dibles are still present, but in a stronger
form which renders them very powerful
weapons of defence or offence.

Its three pairs of legs are peculiarly
constructed. In the male species only,
the first pair have disk-like outgrowths
covered with ““ suckers.” These enable
the Beetle to obtain a very tight grip
on its prey or of the female during the

pairing season. The second pair are
much longer and terminate in very
strong hooked claws, eminently suited
for climbing along water-weeds. The
last pair are the chief swimming organs.
The ends are somewhat tapering and
fringed with long stout hairs.

Like the larva, the adult is an air
breather, and frequently comes to the
surface for a further supply of air.
This it does with the tail end foremost,
from which a bubble passes off. Fresh
air is taken into a special part between
the wing covering and the upper ab-
domen, and is used by the Beetle
by means of specialised organs or
spiracles.

The Beetle will attack any pond in-
habitant and even a fair-sized Fish.
It seldom leaves the pond except when
food runs short, or in search of a female.
In the aquarium, these Beetles form an
interesting study, but it is advisable to
have a perforated covering over them,
otherwise they seek fresh quarters.

The Great Water Beetle

The Great Water Beetle is often met
with and sometimes mistaken for the
Brown Beetle. The Great Water
Bectle, however, is black in colour and
slightly larger than the Brown Beetle.
When in need of air it comes to the
surface head foremost. In general
habits it is far different, living only on
a vegetable diet, and although sluggish
in the water flies swiftly when changing
its habitation. A cyclist feels as though
a stone has struck his face when he
encounters the Great Water Beetle in
flight. The larva is somewhat similar
to the Dytiscus; its mandibles are
not so pronounced, yet in this stage it
is carnivorous.
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The Whirligig Beetle

The Whirligig Beetle, perhaps the
smallest Beetle living an aquatic exist-
ence, is about } inch long. On a
sunny day, the surface of the ponds
seems alive with these objects, their
steel-grey coats shining like burnished
metal, but on attempting to catch them
they quickly disappear below.

The two posterior pairs of legs are
short flattened structures with strong
hair-like appendages. By means of
these limbs, the Beetle is enabled to
swim or propel itself along the surface
of the water. The front legs are much
longer, and are used for grasping the
smaller insects used as food. The eyes
are of special interest. Their position
on the head enables the Beetle, while
on the surface of the water, to watch
for its prey below and to keep a
look-out for its enemies above. The
larva is like its parent, carnivorous;
it is generally of a creamy colour,
and often 1 inch long. Its jaws
are strong and powerful. Like the
larvae of the other Beetles mentioned,
it has a paired system of respira-
tory processes at the tip of its tail,
but, in addition, it has breathing pro-
cesses along the lower segments of
its body.

The eggs of the three Beetles men-
tioned are either laid on or buried
beneath the epidermis of the leaves of
water plants immediately above the
water level.

Pupation in the first two cases takes
place in the mud at water level, but
that of the Whirligig on the stem of a
water plant above the water level.
The larva spins for itself a greyish
cocoon in which to undergo metamor-
phosis.

STUDY 95

The Water Boatman

The Water Boatman is probably the
most interesting aquatic specimen for
school purposes; its backward swim-
ming never fails to attract attention.
The hind pair of legs are specially
adapted for swimming purposes, being
flattened like oar blades and covered
with hair-like bristles. The latter offer
the maximum resistance to water in the
effective stroke and vice versa. The
fore legs are much shorter and stouter.
Aquatic insects are caught by these
legs, and, with the help of the second
pair, their captives are held in position
while the beak or sucking organ is
plunged into the body and the juice
extracted. When at rest on a weed,
the second pair keep the Boatman in
position, for, being lighter than the
water, it would otherwise rise to the
surface. This tendency to rise is due
to the large amount of air entangled
in the hairs on the sides of the body
and beneath the wings.

The eggs of the Water Bug are laid
on submerged water plants. The larva
is similar to the adult, with the excep-
tion that the wings have not developed.
In the adult the wings are partly
horny and partly membranous, and
these enable the Bug to fly directly
from the water.

A covered aquarium is essential for
the study of the Water Boatman or the
Whirligig. The Boatman (one of the
Water Bugs), should opportunity pre-
sent itself, will spring out of the water
and fly away.

The Water Scorpion

The Water Scorpion is allied to the
Boatman, In general outline this Bug
resembles a leaf, Its front legs are
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used for securing its food, which con-
sists of larva; this is seized and all
nourishment sucked out. The other
pairs of legs are used either for walking
on the bottom of the pond or for move-
ment in the water, although they are
not specially adapted for this purpose.

Its breathing organs consist of two
long, hair-like appendages protruding
from the region of the tail. Occasion-
ally the Scorpion will be observed
crawling backwards up the stem of an
aquatic plant until the tips of its
breathing organs break the surface
(Fig. 40).

Dragon Fly Larva

The larva of the Dragon Fly is often
found in ponds ; its kitten-like head is
attractive, having distinct eyes and
short antennz, together with a peculiar

THE CADDIS WORM

Fio. 44

THE CADDIS FLY.

The larval stage of this fiy is a great attraction to
sobclars. A small aquarium only is needsd.

organ known as a mask., The latter is
a specialised organ for securing food,
and is a modification of the lower lip.
It consists of two prehensile pincers, by
which the larva secures its prey and
draws it within reach of the mouth.
Generally the larva remains almost
stationary at the bottom of ponds,
waiting patiently for its prey. The
respiratory process is somewhat com-
plex. By means of abundant tubes in
the posterior part of the abdomen, a
pulsating movement is continually re-
placing the water from which air has
been extracted.

In the case of this larva there is no
special pupa stage. The rudimentary
wings develop on the larva. Very often
the larva moults or entirely changes its
skin, and with each successive moult,
changes take place.

After about nine months of aquatic
hife the larva climbs up the stem of a
water plant and in a very short time
becomes the beautiful Dragon Fly.

The Caddis Fly

The Caddis Fly larva is another
very interesting grub met with in the
ponds. There are two kinds generally
found ; one hidden under loose stones
—the other moving freely along the
bottom of the ponds or eclimbing
up the stems of water-weeds. Both
grubs are the larva stage of the
very common Caddis Fly, which is
often mistaken for a small Moth.
Generally these Flies are of a chocolate
colour, having four very delicately
fringed wings.

Eggs are laid as a rule on water-
weeds quite near to the surface of the
water. On hatching out, the larva
moves into the water and immediately
begins to form a protective case in
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which to live. Almost any small object
is used for the purpose—bits of reeds,
small fragments of grass, very tiny
pieces of stone, broken-up pieces of
snail shells, etc. The completed pro-
tective structures may take various
shapes on the outside, but the inside is
generally tube-shaped and beautifully
lined with silk. The interior is a fair
size, somewhat bigger than the larval
body, in fact large enough for the
organism to turn round and face the
other exit if necessary.

Often the Caddis Larva Cases are
made entirely of small particles of sand.
These are wonderful structures, and it is
difficult to believe that such carefully
prepared tubes are the result of larval
activity. For aquarium work it is ad-
visable to extract the larva from its case
and watch the process of case-building.
The larva will quickly construct another
case, using whatever materials are
available.

When removed from the case, the
general structure of the grub should
be noted. Its breathing organs are
an interesting feature. Like the larva
of the Water Beetle, etc., they are
borne on the abdomen, and have a
feathery appearance. However, there
is no need for the Caddis Fly larva to
move to the surface when air is required.
Its breathing organs are modified so
that the organism can obtain the air
it needsfromthat dissolved in the water.

The larva lives in the ponds for a
year or more and then changes to the
pupa stage. Both ends of the case are
partially closed, only sufficient space
being left for water necessary for re-
spiration to pass through. In this
condition the pupa may remain for
several weeks, but metamorphosis is
steadily taking place. When ready for

wv—

THE ONAT LARVA

Fi6.42

THE GNAT.

The larva can be found in most water-butts during
Apnl and May,

an aerial existence, the pupa emerges
from its case and swims in the water,
finally reaching the surface. On a
warm day the pupa case opens and the
young Caddis Fly is able to escape
from it (Fig. 41).

The Gnat Larva (Fig. 42)

The Gnat larva is met with in most
ponds and ditches, and in rain-water
butts, etc. When at rest, it floats
on the surface of the water, head down-
wards. At this stage it has a large
head and thorax and a long tapering
body. The larva might be studied in
the top classes of a school, but it is
too small for young children to observe.
Its breathing process is somewhat
specialised, taking the form of a syphon,
which, when the larva is at rest, is
flush with the surface of the water.
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In this position the organism is able
to breathe, and at the same time feed
on small insects which come into con-
tact with its mouth.

After living for several months in
the larval state, the organism is ready
to enter the pupal condition. During
this period it changes its skin three
or four times, and after the last moult
undergoes a striking change. It is
no longer necessary for the organism to
take in food, and often the tail changes
its position completely, the anterior
end of the pupa coming to the surface.
In this inactive condition rapid changes
take place. The thorax becomes much
enlarged and the head is bent back-
wards. Two horn-like parts appear
flush with the surface, these forming
the breathing apparatus of the pupa.

At the end of this stage the pupa
swims along the surface of the water.
On coming to rest in a horizontal posi-
tion flush with the surface, the skin of
the thorax splits, releasing the adult
Gnat. For a short time the pupa case
acts as a raft; the wings of the Gnat
open out and enable it to fly away. In
this insect two wings only are developed,
the remaining two being simply stumps.
There is very little difference between
the male and female Gnats ; the shght
differences are unimportant from the
elementary school standpoint. The
female lays her eggs on the surface of
ponds or any stagnant water, generally
a large number at a time. Each cigar-
shaped egg has a mucilaginous covering,
and hence a number of eggs become
attached and float on the surface of
the water as a kind of raft.

The Water Snails

The Water Snails should not be
overlooked. There are a number of

shell dwellers to be found, including
Snails and Fresh Water Mussels.

The Snails will be found creeping
along on water plants, over stones or
gliding along beneath the surface of
the water, shells downwards. The
most common type met with is the
Limnea stagnalis. Its shell is thin,
horny and turreted, with a sharply
pointed spire. In an aquarium the
movements, feeding habits, etc., can
be carefully observed. When upn-
disturbed, its body will protrude from
its shell, showing a broad, short head,
with somewhat flattened tentacles near
the inner base of which are the eyes.
The movement, by means of the
muscular ““ foot,” can be plainly seen
when the Snail moves along the sides
of the aquarium. Generally its spawn
can be found in oblong, transparent,
gelatinous masses on the stems of water-
weeds. It 1s interesting to note the
development of the eggs.

Another common type met with is
Limnea articularia. This Snail has a
much smaller shell, but the body whorl
is much longer than that of Limnea
stagnalis. Both the above types are
lung breathers. Paludina vivipara is
another type often met with. It has
a pretty shell, the whorls being orna-
mented with coloured bands. This
Snail does not lay eggs, but brings
forth tiny miniatures of itself. It will
be noticed that there is a lid to the
shell, which 1s a protection to the gills,
this type of Snail being a gill-breather.

Fresh-water Mussels

The Fresh-water Mussels are often
found in ponds and canals. The one
type, Unio, is of importance, for this
is the species from which pearls were
at one time obtained. Another type,
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the Anodonta, 1s found more often in
rivers or in ponds supplied by streams.
In the Unio, the shell is thin and the
hinge of the bivalve is toothless. The
Anodonta has a larger and much
stronger shell, the hinge in this case
being toothed. They both plough their
way through the mud by means of a
muscular foot similar in shape to a
ploughshare. For aquarium purposes
the Anodonta is the best type to use.
When accustomed to its surroundings
the partially opened shell will give a
good view of its fringed syphons.

The Mussels are of very ancient
lineage, fossils having been found in
rocks of the Eocene period. Although
the female produces thousands of
miniatures like herself, few reach
maturity. The eggs develop before
leaving the gill plates. For a part of
their life-history, the young Mussels
must live as parasites on Fishes. Often
these small, undeveloped shells can be
found on the back or tail of Minnows
or Gudgeons, firmly attached to the
scales.

Spirogyra

If a strong lens or a microscope
is available, the scum found on the
surface of the pond should be ex-
amined. The green scum consists of
a type of Fresh-water Alge. It is a
characteristic of the species to float,
being buoyed up by the bubbles of
oxygen produced during carbon assimi-
lation. If a microscope is available,
the structure of a cell might be taken
with Standard VII, Spirogyra forming
an excellent starting point.

The detail following will be found
helpful by those who have not begun
the study of cell structure from this
standpoint.

Its filaments are free, that is, with-
out attachment to any kind of sub-
stratum, There is no distinction into
apex and base—all cells are alike
throughout the thread. All the cells
are similar, and all take an equal part
in the development of the plant.
Physiologically it is a unicellular organ-
ism—all the cells being equivalent and
each capable of carrying out all neces-
sary functions itself. In the ordinary
state, the plant is morphologically
multicellular, but sometimes it breaks
up into separate cells capable of
independent life.

The cells of Spirogyra are compara-
tively large, generally a little less
than ,}, inch, hence they are favour-
able for study with a lens or a low-
power microscope. Each cell consists
of a cell wall of cellulose and a mass of
protoplasm in which protoplastic circu-
lation can be observed. Embedded in
the protoplasm are conspicuous chloro-
plasts, which take the form of green
spiral bands with toothed edges. These
vary in number from one to ten in
each cell, according to the species, but
the number is not always constant
even in the same filament. Each
chloroplast is studded at intervals
with large pyrenoids or protein granules,
which take a crystalloid form. Starch
grains are deposited around these pro-
teid bodies. Each pyrenoid becomes
surrounded by a coating of starch
granules. In every cell there is a
large nucleus, often suspended in the
middle of the cell by protoplastic
fibrils. These fibrils are attached to
the chloroplasts where the pyrenoids
are situated. Each nucleus contains
a large nucleolus. The cell division
coincides with the division of the
nucleus. This is rather a compli-
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"cated process, resulting in the forma-
tion of two exactly similar daughter
nucleli. At the same time a septum
transversely divides the cell, appearing
first as a mere ring, but gradually
advancing until a complete disc of
cellulose is formed across the cell,
dividing the cell and its contents
into two parts and separating the
daughter nucleii.
Reproduction.—Spirogyra  possesses
no distinct asexual reproduction except
for the occasional breaking up of the
plant nto its constituent cells Nor-
mally, reproduction is sexual, or a
form of sexual reproduction in the
form of conjugation or the umon of
like cells. Conjugation takes place
between two filaments lymg side by
side. The cells of each filament send
out lateral appendages which exactly
correspond with the opposite filament
to which they become attached. The
walls are absorbed and hence there is
a passage between the two filaments,
The contents of one of the cells con-
tract and move towards the opening.
The contents of the opposite cell also
contract shightly. The contracted cell-
contents next move towards the con-
becting passage and gradually work
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throngh it, passing into the opposite
cell and uniting with it.

The fusion of the mucleii of the
conjugating cells takes place rapidly,
and the united protoplastic mass forms
a round or oval organism. This sur-
rounds itself with a cell wall which
becomes thickened and cuticularised on
its external surface. (What becomes
of the chlorophyll bands is not definitely
known, yet they reappear on the forma-
tion of a cell from a Zygospore, or rest-
ing spore.)

The Zygospore assumes a darker
colour and the starch disappears, giving
place to o, which constitutes the
reserve carbonaceous maternal during
the interval of rest. The Zygospore
can now survive a period of drought or
the cold of winter.

On germinating, the Zygospore bursts
its outer cell wall and the protoplasm
grows out, clothed only with its inner
cellulose wall. The bright-green colour
soon appears, and starch is once more
formed. In the very early stages
there is a distinction into apex and
base, for it remains attached at one
end, which 1s pointed and colourless.
This state soon disappears and the
ordinary floating organism is produced.
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CHAPTER V
INSECT LIFE

HE study of insect life is of great

importance in country districts

and is intimately related to horti-
culture, agriculture and bird life.

In town schools, much difficulty is
often experienced in obtaining suitable
specimens for the study of the life-
history of any particular specimen,
However, the observant teacherin town
schools recognises that the Cabbages,
etc., sold in the markets often contain
Caterpillars, and from this stage the
study of insect life should be begun.
Ordinary glass jam jars, and Cabbage
leaves on which Caterpillars are feeding,
provide sufficient scope for keen ob-
servational activity. With the aid
of a rudely constructed terrarium,
the chrysalis stage and the adult
insect might be studied. In a book of
this character it is impossible to give as
much space to the study of insect life
as the subject deserves. Generally
speaking, insects are so inconspicuous
that their presence is unobserved,
although they form three-quarters of
the whole Animal Kingdom, many
being of value to mankind but others
of a very harmful nature.

General Remarks

For the benefit of the younger mem-
bers of the profession, a few general
remarks on insects are perhaps advis-
able. Insects (from the Latin Inseco
—I cut into) belong to a very large
group of creatures having certain de-
finite features. In the first place they

possess, as the name indicates, a jointed
body made up of segments, which is
supported by a hard, horny skin in
place of an internal bony framework,
Secondly, they possess, on one or
more segments of the body, jointed
appendages modified to act as legs,
jaws, feelers and antennz. The body
is made up of three parts, the head,
the thorax and the abdomen.

The Head contains the eyes, and these
are often most beautiful and complex.
Generally the organs of sight are
highly developed, enabling the insect
to see the shape and size of objects,
but in other cases only to discern the
difference between light and shade.
The mouth, situated on the underside
of the head, is modified in several ways.
In some types it takes the form of
hard-biting jaws and finger-like organs
to push food between them (cf. the
mask of the Dragon Fly larva), in
other cases the form of a tube or trunk
which enables the insect to bore holes
and extract juice. The fore part of the
head bears the antennz or feelers.
These are highly specialised organs, and
they are not only the organs of touch,
but are probably connected with the
organs of smell and hearing.

The great French scientist Fabre has
given to the world the result of his life’s
work on insects, and his books provide
delightful reading to the keen teacher.
In one of his works he shows how the
male Moth seeks his mate, and in some
wonderful manner finds where she has
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been hidden. Fabre’s works suggest
that the sense of smell is most highly
organised in members of the Insect
World.

The Thorax or second part of the
body usually carries three pairs of legs
and may have on the upper surface one
or two pairs of wings.

The remaining part of the body is
the Abdomen, usually termed the tail.
This contains the gut or digestive tract
and the organs of reproduction.

Passing through the whole length of
the body is a long tube which acts
as the heart, its pulsating movement
bringing about the blood flow. Running
along each side of the thorax and abdo-
men of an insect are a series of tubes
called spiracles. These are connected
by similar yet smaller tubes to every
part of the body. By means of the

SmaLL TorToISE - anELL  BUTTERFLY
Vanessa UrRmnict

A~ Eoos or Aeris BRAssICA

Fi16.43 8- Cace of Vantesa Urrice

THE BMALL TORTOISE-SHELL BUTTERFLY.

The eggs of this Butterfly are shaped like a pump-
kin: those of the Cabbage White bewg conical.
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spiracles air is enabled to pass freely
in and out, and thus lungs, as found in
the higher animals, are unnecessary.

The Stages in the Life of an Insect

The life-history of insects generally
takes the following stages. Usually
eggs are laid by the adult female.
These in due course hatch out, but the
resultant organism bears only the
slightest resemblance to the parent.
From the eggs, grubs having six legs
(Caterpillars) develop. These seem to
have only one object in life, namely
feeding. All Caterpillars are destruc-
tive and voracious eaters. When fully
developed they change into a quiescent
stage, the chrysalis, feeding and move-
ment having apparently ceased. Rapid
changes take place internally during the
chrysalis condition, and at the end of
a definite period the adult insect
escapes. As a rule the adult stage is
not greatly concerned with feeding,
its main purpose being the reproduc-
tion of the species.

It is of enormous value to know the
life-history of the harmful insects, and
measures adopted to destroy harmful
pests are based on such knowledge.
The appearance of the eggs and the
places in which eggs are deposited is a
source of useful observational activity.,
In many cases the eggs are so small
that a lens is essential. Clusters of
eggs, however, may be found in many
places. Those found on the underside
of Nettle leaves belonging to Vanessa
urtice (Fig. 43) are ribbed and shaped
like a pumpkin. Those found on
Cabbage leaves are the conical, ribbed
yellow eggs of Pieris brassice (The
Cabbage White Butterfly).

The Caterpillars are perhaps the most
interesting stage for classroom study.
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These may be found in various places.
Some seek their food in trees, along the
surface of the ground, or on thesucculent
leaves and even stems of garden plants.
The Butterfly larve, especially those of
the White Butterflies, feed and repose
quite openly upon their food plants.
Many species, however, resemble por-
tions of their food plants. Those which
spend the larval stage on the Broom
exactly resemble the twigs. The larva
of Angerona prunaria may be mistaken
for the twig of the Rowan or Mountain
Ash. The larva of the Willow Moth
resembles the leaf of the tree.

As the larva stage of various insects
is the most destructive, it is of import-
ance, especially for country children,
to be able to recognise and determine
the order of which a particular larva
is a member. A legless, fleshy grub
with a soft, pointed, retractile head is
usually a member of the Diptera or
two-winged insects. A six-legged larva
with hairy head and strong jaws is
usually of a Beetle (Coleoptera). The
so-called Caterpillars, with their long,
soft and often hairy bodies, prominent
heads and jaws, and with sixteen legs,*
belong to the Lepidoptera or scale-
winged insects, the Moths and Butter-
flics. In some instances several of the
intermediate pairs of legs are absent,
the larva moving along in a looping
fashion. The latter are known as
" looper ” Caterpillars, good examples
of which are found in the Magpie and
Amber Moths (Fig. 44).

Leaf-eating Caterpillars of the Saw-
flies (Hymenoptera) have eighteen to
twenty-two feet, and are called false
Caterpillars.

* In some instances caterpillars have as many
g sixteen legs, six of which, towards the head,
are hard and horny, and correspond to the six
legs of the perfect insect.
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THE MAOPIE MOTH

CATEZRPILLAR
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THE MAGPIE MOTH.

This is a common pest on fruit trees. The looping
movement of the caterpillar should be noted.

The Chrysalis stage of the insects is
also interesting, and in a terrarium or
vivarium provides much material for
observation. The length of the adult
stage varies considerably, but with the
exception of a few species which hiber-
nate through the winter, the adults
pair, the female lays eggs and death
follows in a comparatively short time,

Practically all parts of plants are
subject to attacks from insects. Many
pests, such as the Weevils and Bean
Beetles, destroy seeds. Some are general
feeders in the larval stage, especially
Wireworms and Cockchafer grubs. These
lie in the soil for several years, feeding
on roots of grasses and the tap roots of
garden and field crops. The Turnip
Fly, Cockchafer and Ox Warble Fly
are harmful in the perfect condition as
well as in the larval stages. The wings
are very important for recognition pur-
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poses. The term * ptera "’ (=wings) is
applied to all insects; the prefix gives
the number and kind.

As a general guide to the identification
of insects by means of their scientific
names, the following classification will
help when textbooks are referred to.

The term *“ aptera’’ is applied to all
insects such as Fleas and Lice, which
are without wings.

Insects such as the Water Boatman,
Aphides, Frog Hoppers, etc.,, which
have wings, horny in front but trans-
parent at the back, are members of the
order Hemiptera (half-winged).

Many insects possess two wings only ;
these are termed Diptera, examples
being found in the Gnats, Flies and
Crane Fly, etc.

The wings of Butterflies and Moths
are covered with very fine scales, Such
features place the insects in the order
Lepidoptera.

Beetles are provided with wing-
sheaths of a horny nature, formed
by the two front wings; the term
Coleoptera is applied to this class.

Certain insects, especially the Dragon
Fly and May Fly, have delicate wings
covered with a network of nerves,
hence such insects are termed Neurop-
lera.

Insects having wings which fold up
fan-wise belong to the Orthoptera—
the Earwigs, Cockroaches and Crickets
being examples of the order.

Other insects such as the Wasps,
Bees and Ants have wings formed of
transparent membranes. These are
placed in the order Hymenoptera.

In most of the types mentioned, the
life-history works out in the following
manner. The female insect lays her
eggs, from which sooner or later the
Caterpillars or larva emerge. These

MODERN TEACHING

feed actively and grow rapidly for
a certain period. When fully developed,
and after reaching a place of security
and in many instances spinning cocoons,
they change into a quiescent stage,
forming a chrysalis or pupa. Their
Caterpillar skins are thrown off (moult),
and under the protection of the strong
outer covering they develop into the
mature winged insect or imago.

Certain groups of insects—those
belonging to the Aptera, Hemiptera
and Orthoptera—have no quiescent
stage after they leave the egg. The
larva, on first emerging, is very similar
to the adult form, which is arrived at
by a series of moults. All perfect
insects have six legs. Spiders have
eight legs, and although in some
respects they resemble insects, they are
not of the true order.

Enemies of the Insect

Insects have many cnemies, even
among their own class. This fact is
of great importance, and considerably
assists the farmer and gardener. Lady-
birds devour all kinds of plant Lice
(the Aphides), and it is, therefore, of
the utmost importance that this insect
should be recognised as a friend by
children and adults. The Ichneumon
Fly often laysits eggs in the Caterpillar
of the Crane Kly or other ground larve.
On hatching, the larva feeds on its
host, ultimately bringing about its
death.,

In another chapter the value of
bird life will be dealt with. Before
leaving the natural enemiecs of insects,
however, it is perhaps wise to introduce
the insect-destroying birds. Starlings,
Plovers, Robins, Titinice, Swallows,
Swifts, Martins and Hedgesparrows all
do their share in keeping insect life
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within bounds.
such as the above are invaluable to
mankind, and should be encouraged.
The Cuckoo is of special importance.
It is one of the few birds that will eat
hairy Caterpillars such as the Woolly
Bear. Frogs, Toads, Hedgehogs and
Moles are also larva eaters and should
receive the protection of man. The
* Little Gentleman in the Black Coat ”
is unfortunately unmercifully per-
secuted. He certainly makes the lawns,
gardens and fields look untidy with his
“hills,” but his value in destroying
ground larvae alone far outweighs the
extra work involved by his upheavals.

A life-history of a few insects will be
given in detail. In the majority of
cases the stages in development can
be observed in all schools. For the
benefit of town and city schools, for
which eggs of the types may have to he
purchased, the scientific names are
inserted.

The Cabbage White Butterfly

The Cabbage White Butterfly (Pieris
brassice 1..)—The larve of this type
are perhaps the easiest to obtain. Often
they are found in groups in between
the leaves of Cabbage. The Cater-
pillars are of a dark bluish or greenish-
black colour, with a line of yellow
along the back and along the sides,
the whole body being thinly covered
with hairs. Generally they are 1 inch
to 1} inches in length, and when well
fed are proportionately stout.

The Caterpillar or larval stage lasts
for about a month, after which each
Caterpillar leaves its host and finds
its way to a suitable wall, fence, tree
or Pea or Bean stick, up which it
crawls, In this position a change to
the chrysalis stage takes place. Often

Insect-eating birds |
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CABBAGE WHITE BUTTERFLIES.

The caterpillars of this Butterfly do considerable
damage to the leaves of Cabbages and other members
of the Brassica family, The female Butterfly can
ecasily be recogmised by the markings on its wings.
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these chrysalides, which are yellowish-
white in colour, hang down by the
tails and a silken thread from the
middle of the body.

This stage lasts for approximately
three weeks, at the end of which
period the perfect Butterfly emerges.
Immediately after ““ pairing "’ has taken
place, eggs are laid and a further
generation of Caterpillars is produced.
The White Butterfly is very well known
and easily recognised, and the male and
female can be identified by the dark
markings on the tips of the fore wings
(Fig. 45). The Butterflies appear in
early spring, lay eggs and die. Gener-
ally the second generation of Butterflies
appears in July or early August, and
in a warm summer the Caterpillars
may be found feeding as late as Novem-
ber. From the second brood of Cater-
pillars the chrysalides generally remain
in pupa stage until the following spring.

The Small White Butterfly

The Small White Butterfly (Pieris
rapae 1) lays her eggs singly on Cab-
bage leaves. These give rise to the
familiar green Caterpillars, which have
a peculiar velvety appearance and a
narrow yellow line down the back. The
life-history is practically identical with
that of the Cabbage White, with the
exception that the adults do not grow
so large.

The Green-veined White

The Green-veined White (Pieris nap:
L.) is another well-known species, the
Caterpillar of which is similar in general
appearance to that of the Small White.
The Caterpillars, however, do not show
the yellow line down the back, and
hence the two kinds can easily be
identified,
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The Cabbage Moth

The most difficult Caterpillar to
identify is that of the Cabbage Moth
(Mamestra brassice). It is impossible
to give any definite clue to the colora-
tion, for many variations are found,
in fact the Caterpillar (larva) is often
mistaken for that of the Cabbage
White Butterfly. The eggs are laid
singly on a variety of food plants, but
especially on members of the Cabbage
family. These hatch out into small
green Caterpillars which feed voraci-
ously on the leaves. Growth is very
rapid, and as the more mature Cater-
pillar develops, the colour scheme
varies from light green to greenish-
brown, or brown to black on the upper
side, the underside varying from yellow
to green. 1 have mentioned the Moth
because the chrysalis is one often met
with. When fully grown—about 1}
inches in length—the larva buries itself
in the soil and forms a protective case
of shiny brown chitin. Chrysalides
are often met with in gardens, and the
movements of the pupe inside the cases
are a source of wonder to the people
who find them.

These chrysalides can be kept in
the classroom during the winter (see
Section 5) and the adult stage examined
in spring. The Cabbage Moths are
probably not well known, even in
country districts, for they fly only at
night. Occasionally they may be found
resting on tree trunks, in sheds and
on palings. They are a dingy, greyish-
brown colour, with white markings as
indicated in Fig. 46.

The Daddy-long-legs

The Daddy-long-legs, or Crane Flies,
are met with even in towns. Their
long legs give the insects a character-
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istic appearance, hence the generally
accepted name of Daddy-long-legs.
The adult insects make their appear-
ance early in June. The female begins
the process of egg-laying shortly after
she has emerged from the chrysalis
stage. By a special egg-laying appara-
tus she is able to deposit the small,
oval black eggs just below the surface
of the soil. In about a fortnight the
eggs hatch and the young larve
become free to commence their destruc-
tive work. They attack all kinds of
roots and show a particular liking for
grasses and cereal crops. As they
develop, the skin becomes exceptionally
tough and leathery, and for this reason
the term “* Leather Jacket ' is applied
to the larva.

Fully-grown Leather Jackets are
about 1} inches long and usually of
an earthy or greyish-brown colour.
They are cylindrical in shape and
have not the slightest indication of
legs. The black head is retractile, and
when the larva is resting is drawn
back out of sight. The hind part of
the body is furnished with two fleshy
projections, which protect the two
breathing pores or spiracles. In the
larval stage, which generally lasts for
nine months, they remain in the soil,
I inch or so below the surface, and
feed voraciously during the mild
weather of autumn, winter and early
spring. [Early in summer they cease
feeding and change into the pupz or
chrysalide state. After about a month,
the chrysalides wriggle half-way out
of the ground, burst open and release
the imago of the Daddy-long-legs.

The Wireworm

The Wireworm is another destructive
larva which can be used for observa-
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tional work in schools. It grows to
about 1 inch in length. Generally the
larva is yellowish-brown, like a short
piece of polished wire. Its skin is
very tough and considerable force is
necessary to destroy it. The head is
slightly darker in colour than the rest
of the body and is fitted with powerful
biting jaws. The three segments be-
hind the head bear a pair of legs each.

Wireworms live in the soil for years,
feeding mainly on the roots of plants.
Potato tubers are often affected as
well as the tap roots of Carrots. The
pupa stage is not at all well known.
Only on one occasion has this stage
been obscrved by the Author, and in
this case the organism died during
metamorphosis. The adult stage of
the Wireworm is a Beetle. This has
the peculiar feature, when placed on
its back, of bending up in the middle
so as to rest on its head and tail, and
then with a sudden jerk and a click
it springs from the ground and comes
down the right way up.

It is narrow and flat, about % inch
long, with very short legs. The most
common ones met with have reddish-
brown wiry cases, striped with long
furrows, a black head and thorax.
The females lay their eggs among the
roots of plants slightly below the sur-
face. On hatching out, the Wireworms
immediately begin the work of des-
truction.

The Cockchafer

The Cockchafer Beetle (Melolontha
vulgaris) is another interesting type,
the larva of which can be studied in
school. The Beetleis very large, some-
times 1 inch in length. Its wing-cases
are reddish-brown in colour, with five
raised lines on each and usually covered
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with hairs. Along the sides of the
abdomen are to be found five triangular
white marks. The head and thorax
are black, and the end joints of the
antennz form club-shaped bodies.

The larva has a large brown head
fitted with a strong mandibled mouth.
The body is thick, fleshy and a dirty
white ; often the tail end is swollen
and assumes a dark purple colour. Six
legs are attached to the fore part of the
body, these also being of a powerful
nature. When discovered in the soil,
the grub appears sluggish and remains
in a curled-up position. There is little
difficulty in identifying it. A fully
grown grub is about 1} inches long
and as thick as a man’s little finger.
When ready to pupate it constructs
a ‘“nest” of soil, cementing particles
together by the deposition of mucus.

CHRYDALID
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CATERPILLARS

THE CABBAGE MOTH.

The caterpillar 18 often found curled up in the heart
of a Cabbage. It is dufficuit to remove.
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If found in the nest or cell, it will be
seen to have lost its hard, tough skin
and is easily injured unless great care
is taken.

Pupation takes place at the end of
summer, the adult Beetles appearing
above the ground the following May.
The Beetles are night fliers and are
seldom seen during the daytime unless
found resting on trees and shrubs.
After pairing, the female lays her
eggs, thirty to forty at a sitting, by
burrowing into the soil during June
and July. The eggs hatch out in
about six weeks, but the larva does
Little damage for some time. When
about a year old, however, it feeds
voraciously on the roots of grasses,
young trees and almost any vegetable
crop. Its life in the soil may last four
or five yedrs.

Heart and Dart Moth

The Caterpillars of the Heart and
Dart Moth are very often met with in
gardens, allotments and fields. They
are a dirty-grey colour, often showing
a tinge of chestnut brown, and have
rows of black dots along their sides.
The legs are short but strong, and this
fact distinguishes them from the
Leather Jackets.  The brown or
brownish-black head is fitted with a
powerful biting mouth which is used
effectively in eating the young stems of
growing seedlings. Dunng a warm
summer these surface Caterpillars feed
rapidly, and in July or August pupate ;
the adult Moths emerging a month later.
The Moth can be readily recognised.
It has brown fore wings, extensively
mottled with black, the hind wing
being white or pale brown. After
pairing, eggs are laid on the leaves or
stems of weeds and cultivated plants,
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producing Caterpillars in about four-
teen days.

The Large Yellow Underwing Moth

The Large Yellow Underwing Moth
also lays eggs which give rise to surface
Caterpillars. The colour of these, how-
ever, is variable; sometimes grey,
greenish, or even reddish-brown. Their
destructive work is similar to that of
the Heart and Dart Caterpillar, and
both types grow to about the same
length, 1} inches.

The Lackey Moth

The Lackey Moth is an example of a
different type. It is extremely com-
mon in the south of England and in
the Midlands, but is not so well known
in the north of the country.

The larvie can be found uvsually in
April, but the most destructive work
is done during June, July and August.
When fully grown they are rather
beautiful objects, and their distin-
guished colour scheme renders identi-
fication easy. The body of the
Caterpillar is a blue-grey, having down
the middle of the back a white line,
on either side of which and passing
along the sides of the larva is a
broad orange-red stripe followed by a
black one; this is succeeded by a
second orange stripe followed by a
bluish stripe, a third orange stripe
completing the scheme ; orange spots
may be continued on the underside of
the Caterpillar. With the exception
of the black head, the whole Cater-
pillar is covered with reddish-brown
hairs,

These Caterpillars feed on the leaves
of various trees, such as the Oak,
Willow, Hawthorn and Elm, and on
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THE COCKCHAFER BEETLE.

The larva nf this pest, when fully grown, is
1§ 1nches long.

all the fruit trees. They live together
in large numbers, for, when young, they
spin a delicate web between two or
three leaves, enlarging the nest as
necessity arises. Often such nests are
conspicuous objects on trees, reaching
sometimes I foot or more in length
and over } foot in breadth. These
nests are used by the Caterpillars as
shelters from rain, but on sunny days
they may be found lying on twigs in a
resting condition or eating the foliage.
As growth progresses, the Caterpillars
change their skins; this process is
generally accomplished while the larva
is resting.

The foliage of a tree infested by the
larvee of the Lackey Moth is sometimes
completely destroyed.

When fully fed, the Caterpillars leave
the nest and select a suitable leaf or an
outstanding piece of bark; they may
even leave the host tree and climb up
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palings, etc. A yellow or white cocoon
is spun by the Caterpillar, after which
the larva changes to a black chrysalis,
showing yellow markings, from which
the adult insect emerges in about a
month’s time.

The Moths are brown in colour, the
shades varying greatly, and no general
description would be satisfactory.
They are night fliers and are greatly
attracted by artificial light. To obtain
adult specimens it is only necessary
to leave the light on in a bedroom, the
blinds up and the windows open. They
often appear in numbers, but generally
more males will be captured than
females.

After pairing, the females lay eggs
in a characteristic formation on the
twigs of the trees on which the Cater-
pillars will thrive. The greyish-brown
eggs are laid together in rings round
a twig, completely encircling it to a
depth of } to § inch. As many as
150 eggs are laid at a time. The adult
Moths die off early in September, the
next generation appearing early in the
following July.

Bees

In country districts it is possible to
study the life-history of Bees in the
schools. Several schools in Stafford-
shire take Bee-keeping as a comple-
ment to School Gardening and these
subjects considerably help the inhab-
itants of the districts. In one school
an “ Observation Hive” 1is fitted to
the inside of the classroom window,
the sides of the hive being made chiefly
of glass, and the work of the bees
inside the hive can be closely followed.

The Hive Bees, or Honey Bees, are,
perhaps, the best-known type; still, a
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few general notes will perhaps en-
lighten the young teacher (Fig. 48).

The so-called Honey Bees—those
generally kept for commercial pur-
poses—are the most highly organised
members of the Insect World and
exhibit many modifications of structure
1o meet the needs of the community
to which they belong. In the wild
state the conditions of life and work
are practically identical with those of
the bees kept for the production of
honey, except that the hives are to
a certain extent under the control of
man. Even in the natural state the
Bees form a colony in almost any
place which is weatherproof. The
tower of a church is a favourite spot,
but often colonies are found in hollow
trees. The old thatched roof was at
one time a useful abode, but modern
construction has practically eliminated
this type of Bec-home.

The Queen

In the wild state or in the hive,
three types of Bee are met with. For
convenience these are termed Queen,
Drones and Workers; there is only
one Queen to a colony. She is the
female, and her whole purpose is that
of reproduction or egg-laying. The
three types vary iu several respects.
The Queen is the largest, her abdomen
being elongated ; her legs have only
a few hairs on them, in fact the reddish-
brown tinge of the skin or exoskeleton
can be seen.

The Drone

The Drone, or Male, is heavily built ;
he has a much wider body than the
Queen, but not so long. His work is
that of pairing with, and impregnating
the female Queen. His eyes occupy the
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greater part of the sides of the head,
the antennz are much shortened, and
the thorax and legs are covered with
thick short hairs. In a colony there are
generally three to
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the pressure of the air, and in this
manner the insect is drawn forward.
The three pairs of legs are similar in
general structure and are covered with

a  tuft of stiff

four hundred |
drones. They live
an idle life, seldom
leaving the hive
except to accom-
pany the Queen
on her nuptial
flight.

The “ Worker”
The “ Worker ”

Bees, of which
there may be
seven or eight

thousand in a
colony, are sterile

females some-
times termed
neuter. These are

| bristles at each
joint. The hind
pair, however, are
much longer and
are provided with
many bristle-like
hairs which act
as a curry-comb
for removing the
pollen dust from
the hairs which
cover the body.
The thigh of each
leg is broad and
hollowed out to
form a groove,
the edges being
covered with stiff,
bristle-like hairs

much smaller than
the Drones and
are specially
adapted for the
work they have to perform. The head
Is fitted with a pair of compound
eyes, which occupy the greater part
of the right and left sides. The
thorax is of a very hard and horny
nature; on this part the six legs
and two pairs of wings are attached.
The wings are thin and membranous,
Supported by series of nervures or
veins which are of definite arrange-
ment.  Along the front of the fore
wings the veins are of a much firmer
texture than the remainder.

The two pairs of wings act together
When the Bee is in flight. On the
downward stroke, the thinner part of
¢ach wing bends slightly upwards with

BEES,

The Worker Bee is the smallest type.
the legs of the Queen ar€ harless,

placed trans-
versely, thus
forming what is
known as the
““pollenbasket.” Aftercollecting pollen,
the Worker moistens it, rolls it up into
a ball and packs this into a *“ basket.”

The jaws of the Worker are strong
and smooth. The tongue is a most
remarkable structure, being the exten-
sion of the under lip. This consists of
«ix or seven ditferent parts, which lie
perfectly together lengthwise and form
a tube within a tube, the innermost
part being longer than the rest. When
searching for nectar, the trunk is thrust
into a flower and the inside part, which
terminates in a hairy spatula, laps up
small quantities of the fluid and by
muscular movement passes this on
through the mouth to the honey sack,

Note that
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or first stomach. Whilst passing
through the mouth, two glands secrete
a small amount of acid, which mingles
with the nectar. The combination of
acid and nectar is the first stage in
the manufacture of honey.

*“Chyle”

If the honey is intended for feeding
the larva, or grubs, it is passed through
a valve into the lower or second
stomach. Pollen is also passed through,
and by a process of digestion the honey
and pollen are converted into a brood-
food known as * chyle.” When about
to feed the larva, the Worker regurgi-
tates small portions of the material
and, when acted upon by the substance
excreted from the glands in the mouth,
Bee-milk is produced. This is the
chief food of the larva and Queen, and
often small quantities are presented to
the Drones. If the Worker is engaged
in the production of honey for storage
purposes, she visits the storage cells
and from the first stomach regurgitates
the fluid.

In the colony, however, certain of
the Workers act as nurses to the
developing brood ; others spend their
time in attending to and feeding the
Queen ; a further number expend their
energy in the production of honey;
others again act as policemen guarding
the entrance to the hive, while another
section act as scavengers, whose main
work is to keep the hive clean. Another
set are the builders, whose chief duty
is the construction of the cells either
for the reception of eggs or the storage
of honey.

The Workers engaged in the produc-
tion of wax for the building of cells,
pass through rather an interesting
stage. The Bees fill their stomachs
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with nectar and then hang in clusters
from the top of the hive, warmth being
essential to the process. In this
condition they remain for twenty-four
hours.  During this period certain
glands in the stomach secrete a sub-
stance which converts the honey into
liquid wax. When formed, this passes
through tiny perforations on the under-
side of the body into eight small
packets situated on the last four
abdominal segments, where it becomes
hard and wafer-like. When this process
is complete, the Bees visit the part of
the hive in which building is to take
place. The small wafers are extracted
by the jaws one at a time from the
packets, moistened by the tongue into
a kind of paste and then used in cell
construction.

Again, when the larva are fully fed
and ready to undergo metamorphosis,
the Workers cover over the cells with
wax mixed with pollen, this mixture
forming an air-porous covering.

The Sting

The Worker, like the Queen, is pro-
vided with an excellent weapon of
offence or defence—the sting., This is
situated in the last segment of the
abdornen, and consists of three separate
blades. The central blade fits into
grooves on the inside of the other two.
These other two blades slide up and
down the central one, but the beaded
edges prevent their being pulled asun-
der. At the base of the sting are special
poison-glands, which come into action
when the insect thrusts her three-
bladed weapon into a victim, the
poison passing between the central and
the outside blades. The sting of a
Worker is straight, that of a Queen
being curved slightly and hence, from
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the sting of a Queen, much more poison
enters the victim.

The Drones have no stings, in fact
they are the least developed in the
Bee colony. They have * tongues,”
which are too short to gather nectar
.from the flowers; no pollen baskets
are found on the legs, and they have
no wax-secretion organs; hence their
existence depends entirely on the
Workers. In the hive they feed on
the general reserve of food and receive
Bee-milk from the Workers. However,
as winter approaches, their use to the
community is at an end. The Workers
become infuriated with them, and one
by one they are prepared for death.
The Workers bite through the strong
veins of their fore wings, drive them
out of the hive and leave them to die.
Before winter sets in all the adult
Drones are expelled, and the Drone
larve ard pupa meet with a similar
fate. Food must be conserved, and
hence Drones are only allowed to exist
as long as their functions are necessary.

The mouth of the hive is partially
sealed over during winter, the Bees
in the wild state slowly consuming their
stores of honey ; but as the sunny days
of spring come along, the process of
cell-making, egg-laying, etc., is re-
commenced,

Bees kept for commercial purposes
are fed during winter. The cells in
which the Worker Bees are raised are
about the same size as those used for
the storage of food (honey). For
town and city schools a section of
honey should be purchased. This
consists of a thin wooden framework
43" X 43" X 2". The cells are built end
to end, each one being hexagonal in
shape and a little over § in. deep.
Brood cells are usually § in. deep—

wv—_8
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the Bees leave only a passage § in.
wide between the brood cells, this
being sufficient to accommodate the
Workers during the summer and to
cluster in for warmth during the
winter. The cells to accommodate
the Drones are much larger, but are
the same shape as those constructed
for the Worker. Royal cells are the
largest ; these are rounded at the
entrance and are constructed on the
edge of the ordinary comb.

The Queen of the hive is really a
slave ; she is allowed to leave the hive
for mating purposes only. When once
a young Queen has been fertilised by
a Drone, no further act of fertilisation
1s necessary during her whole life,
which may last for four or five years,

Much more information could be
given on these interesting insects.
However, space will not permit this.
More has been written on the life of
the Hive Bee than on any other insect.
TFor details as to the kecping of Bees,
the kinds to purchase, etc., useful
information is found in the excellent
leaflets issued by the Board of Agri-
culture and Fisheries.  For further
information on the Hive Bee, Maeter-
linck’s ‘ The Life of The Bee” is of
great value.

The Humble Bee

The Humble or Bumble Bees form
another group of insects which are
worthy of consideration. They differ
greatly from the Hive Bee, the colony
only lasting for one season. The
females, or Queens, which are fertilised
at the end of the summer, hibernate
during the winter, generally in the
driest parts of mossy banks. When
spring comes, each female constructs
a few cells, stores these with honey
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and pollen and deposits an egg in each.
She continues cell-building and egg-
laying, and attends to the needs of the
developing larve until they complete
their metamorphosis. Even after the
first batch of Workers have hatched
out, her work of cell-making is still
carried on, the newly hatched Bees,
which differ only slightly from the
Queen, assisting in this process.

When a number of Workers have
been hatched, the Queen gives her whole
attention to egg-laying, often being
helped in the process by the Workers,
which are more or less imperfect
females. Males are produced during
the summer, and after {ertilising the
young Queens, die off. At the cnd
of the summer the whole colony,
which may number twenty-five females,
forty males, and one hundicd Workers,
die off, with the exception of the
fertilised Queens.

These Bees are not so highly organ-
ised as the Hive Bees. The cells are
rudely constructed and vary in shape
and size. Generally the “"nest” is
made in the side of a bank or under
moss and litter. No special preparation
is made for winter, the Queen remain-
ing in a dormant condition during the
cold weather. These Bees do an
important work, however; they are
the chief pollinating agents of the
Clover, and hence are of immense
value to the Agriculturist. Another
Bee is often found living with the
colony of Humble Bees. Such Bees
have no pollen bags on their hind
legs and seldom take an active part
in the work of the community; in
fact, they exist as parasites, living on
the food collected by the Humble
Bees,

‘There are over two hundred known
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species of Bees in this country. Some
live solitary lives in the hedgerows,
mossy banks, rotting trees, etc. Others
form small colonies of their own, while
in several instances the females deposit
their eggs in the cells of other bees.

The Wasps

The best-known Wasps (Vespide)
are very similar in general construction
to the Hive Bees. Their characteristic
bands of yellow and black on the
abdomen make them conspicuous and
casily distinguished from Bees. The
head, thorax and abdomen are similar
to those of the Bees, but the legs are
all about the same length,

The life-history of the Social Wasp
is somewhat the same as that of the
Humble Bees. Young fertilised Queens
hibernate during the winter, often in
holes in walls, anchored to curtains
in rooms by the jaws or under the
eaves of houses and farm buildings.
Unfortunately the Queen Wasps are
persecuted, and in some areas children
induced to kill the Qucen, a
reward being given for each one des-
troyed. There is much to be said for
and against this cruel practice from a
fruit grower’s point of view, but to
inculcate destructive habits in young
children is bad. The life-history of
the Wasp will show that even Wasps
have their use.

are

The Choice of a Home

Early in spring the Queen Wasp
leaves her winter quarters and seeks
a hole in the hedgerow. With her
powerful legs and jaws she enlarges the
hole immediately below the root or
rootlet of a hedgerow shrub. After
visiting wooden palings, etc., and scrap-
ing off wood, which is mixed with
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saliva, she constructs an umbrella-
shaped waterproof dome and a few
cells, generally four hanging down-
wards, in which to deposit her eggs.
The larve she carefully tends, and
during the time occupied in their
metamorphosis, she enlarges the sides
of the umbrella and prepares other
cells for egg-laying.

The first-laid eggs provide her with
Workers, and as these increase in
number the work of cell construction
and enlarging the cavity devolves on
them. As time goes on and the
number of Workers increases, the
Queen gives the whole of her time to
the process of egg-laying. The Workers
concentrate on cell structure, and the
nest, even before completion, is a
beautiful, regular structure. The cells
are hexagonal in shape and are built
side by side, forming a cone four to
five incles in diameter. Each succeed-
ing comb is attached to the one above
by a series of three to five short pillars ;
a good-sized nest consists of twelve to
fifteen rounds of comb. The umbrella-
like covering of the nest originally
constructed by the Queen is enlarged
as necessity arises, so that the whole
nest is enveloped in a thick paper
covering which is waterproof (Fig. 49).

Grub to Perfect Insect

The Queen deposits one egg in each
cell ; thisis glued to one corner. After
a few days the “ egg "’ hatches out into
larva, that is, a small white legless grub,
fitted with jaws, eyes and mandibles;
the last segment remains for some
time within the egg, thus preventing
the grub from falling head foremost
from it. In this comparatively helpless
condition, each grub is supplied with
food consisting of small insects such
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THE WASP
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THE WASP

The nest of the Wasp is wonderfully constructed.

The drawing represents a section through a nest

secured in October, and shows clearly that the cells
are arranged in tiers,
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as Aphides, Flies and small Caterpillars.
As each nest may in a season produce
thirty to fifty thousand grubs, the adult,
or Worker Wasps, are certainly worth
the amount of fruit they consume.
Millions of insects must be used up in
the feeding of the larve, and if allowed
to live they would do equally as much,
if not more, damage than the Wasps.
The grubs, after about three weceks,
are fully fed. On reaching its full size,
a grub spins itself a cocoon and becomes
a chrysalis. The change to the imago
stage is rapid, for at the end of the
fourth week from the egg stage, the
pupa is ready to leave. After eating
through the end of the cocoon the
perfect insect emerges. At first it is
weak and its colours are undeveloped.
In a few hours, however, the vigorous
perfect insect is ready for work.

Royal Cells

At the end of August or early Sep-
tember, royal cells are formed. These
are somewhat larger than the brood cells
of the Workers and contain the larvie of
the young Queens of the next generation.
Sometimes a well-fed Worker lays eggs.
These are not fertilised, for, like the
Worker Bees, they cannot be impreg-
nated. Often young Queens lay eggs,
and these, like those of the Workers,
are unfertilised, giving rise to Drones
only. Towards the end of the Summer,
the Queens and Drones pair. The
Queens when fertilised continue feed-
ing for some time, but later seek a
suitable spot for hibernation. About
the middle of October food is very
scarce ; the Worker Wasps devour all
the grubs and pupz in the nest,
eventually become sluggish and die.
The Drones are usually the first to die.
As with the Bees, Drones are produced
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when needed ; when their function has
been carried out their life is at an end.

Wasps are looked upon as trouble-
some and dangerous insects. If they
are disturbed, they will certainly use
their only weapon of defence, but
usually they are quite harmless. To
secure a complete nest for work in
school, it is advisable to mark the
entrance during the summer months.
Towards the middle of October when
the Wasps are practically all dead or
dying, the complete structure should
be carefully dug out of the bank. If
left later than the end of October it
is quite possible that Mice, Beetles. etc.,
will have partially, if not entirely,
destroyed the structure.

There are seven well-known species
of Wasps in this country. The Homets
are much bigger than the Social Wasps
and build their nests on trees, out-
houses and in the thatch of country
coltages.

The Wood and Wall Wasps are fairly
common, but neither of these produce
a brood during the season.

Spiders (Fig. 50)

Although Spiders do not belong to
the large family of insects, they are
included as interesting specimens for
terrarium work in schools. There are
a very large number of Spiders known
to Science. The colour, size, habits,
etc.,, vary considerably, but a few
characteristics are common to all
species.

The body is divided into two distinct
parts only, the cephalothorax, which
is protected by a shield-like horny
structure, and a soft abdomen which is
unsegmented. Its eight legs, each being
made up of seven segments or joints,
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terminate in sharp claws. The latter
are usually three in number.

The jaws are double-jointed, con-
sisting of a base, often containing a
poison gland and
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for his advances, he either loses a limb
or his life. Even after mating has taken
place, this voracious female attacks
and consumes her lover.

a hook-like ‘fang
which can be
folded upon the
base like a pocket
knife. Close to
the fang is a
special structure
used for ejecting
the poison from
the base after the
fang has entered
its victim. The
fore part of the
cephalothorax
contains the eyes,
which usually
number eight. A
pair of large-
jointed hairy
organs, the palpi

THE GARDEN SpPiDER

Weaving the Web

In preparing to
secure food the
female Garden
Spider constructs
her web very
ingeniously. She
generally selects
a suitable twig
and attaches
a thread of silk
to it, walking
away with the
thread dragging
behind until
another spot is
reached on which
she decides to
attach the other

(feelers), one on
either side, give
the head a feroci-

THE GARDEN SPIDER.

The web of the Spider is delicately woven.
is the male observed —bemg smaller than the

end. A number of
such foundation
lines are laid, and
these she con-

Seldom

female.

ous appearance.

Beneath the soft abdomen the
Spiders are provided with special
organs known as spinnerets, usually
siX in number, but this varies with
the species. These are connected
with glands or tubes which are again
connected up with the silk glands in
the abdomen. The number of spools
varies considerably, and in the most
common type, the Garden Spider,
they number about seven hundred.
The male Spider is relatively small
when compared with the female.
His existence is somewhat precarious,
especially during his courting days.
If the lady of his choice is not prepared

nects up with

spokes radiating from the centre.
When the spokes are completed and
strengthened in the centre, the last step
is commenced. Working upwards in a
spiral manner, she lays down a special
thread, which here and there is dotted
with a gummy secretion. Finishing
off in the centre, the Spider may re-
main at this point or leave the web,
taking up a waiting position bidden
under a leaf, but in direct telephonic
communication with the web. When a
Fly comes into contact with the spiral
thread, its legs become temporarily
fixed. The Spider leaves its hiding-
place and hurries to its victim. After
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apparently dancing with glee in front
of her captive, she entangles it still
further by covering it completely with
newly-spun silk from her spinnerets.
She may consume her victim imme-
diately after capturing it; in this
case, one bite is sufficient to eject
poison from the poison gland. This
material renders the victim incapable
of fighting, and the Spider is able to
consume her meal without additional
exertion.

After pairing, the Spider lays eggs,
covering them with a delicate silken
cocoon. Such cocoons contain several
golden-coloured eggs, and these may
often be found in the crevices of walls
and under the bark of trees. Generally
the Garden Spiders hibernate in bark
crevices, or under the eaves of houses
and outbuildings during the winter;
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many, however, die when the cold
weather begins,

The eggs hatch out in May or June.
There is no special metamorphosis, but
before the adult Spider is produced,
several moults or changes of skin
take place.

Young Spiders have a peculiar and
interesting method of seeking fresh
quarters. They climb up a post or tree
to a fair height, cast out a large quantity
of silken threcads from the spinnerets
and then spring from the position
taken up. The silken threads act as
a parachute, and in the summer the
Spiders are carried some considerable
distance, eventually reaching the
ground. The threads of silk are
released and float about in the air,
becoming what is known as ‘‘ gossa-
mer.”’

CHAPTER VI
BIRD LIFE

It seems a pity, truly, that humanity should stain

Its reputation by an act some sordid end to gan;

Oh'! could we wisely to the plan of Nature's laws attend,
We then maght learn to recognise in every bird a friend.

HE above words are taken from

a poem written by Thomas Watts

and published in 1880. They
are worth repeating for even in these
enlightened days, Man has not yet
learned to follow Nature’s plan. Surely
birds were not created “to supply a
pastime, man’s vicious will to please.”
Unfortunately there is still a large
number of people with no knowledge
of the value of birds to mankind, and
it is the duty of the teachers of this
country to remove as far as possible

the crueclties and acts of callousness
which such ignorance brings in its
train.

Everything alive has some special
purpose. The birds not only cheer
the countryside with their delightful
songs, but are, without exception,
the guardians of our food supply. In
country areas, with very few excep-
tions, birds are looked upon with
suspicion by most farmers and garden-
ers. Few take the trouble to investi-
gate what the birds do among their
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crops. If seedlings are found above-
ground, the birds are blamed and the
shot-gun is brought into use. Often
the poor little Hedge Sparrow is ruth-
lessly destroyed ; an elementary know-
ledge of its food would be enough to
convince the greatest enemy of birds
of the harm done through ignorance.
Again, Starlings, whose food consists
almost entirely of ground larve, are
persecuted, often through sheer lack
of knowledge.

Much work, therefore, can and should
be done in and through the schools
to save the lives of our feathered
friends. Boys will still go birds’-nesting
and egg-collecting ; this is more or less
an hereditary tendency, and wunder
certain conditions should be encour-
aged. If the boys are to find out for
themselves some of the characteristics
of bird life, they necessarily must go
nesting. However, if simple, elementary
lessons on birds and their value were
given from the Infants’ School up-
wards, the smashing of eggs for the
mere “ pleasure” of the action, the
destroying of nests in a vicious manner,
the cruel practice of stoning young
fledgelings and the shooting with cata-
pults of birds on their nests will
eventually become things of the past.

The Economic Value of Bird Life

Birds, with the exception of the
insect-eating migrants, do take, it is
true, a certain amount of ripe grain;
many attack the seedlings of Wheat,
Turnips, etc. ; others again have aliking
for ripe, succulent fruits. The question
arises, however, ‘“Does the amount of
good done by all birds during the
breeding season, especially March, April
and May, outweigh the damage done
to ripe crops?” The opinion of the
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leading authorities on bird life is, in
every case, in favour of the birds.
In dealing with the life-histories of
various birds at a later stage, the
question will receive more attention.
To the keen student of Nature Study,
the economic value of bird life becomes
a most absorbing study. The writer
has not forgotten an early experience,
the utter foolishness of which resulted
in a careful study of the food of birds.
The ripening fruit in a bed of Straw-
berries was being damaged. As usual,
the birds were blamed, and a -2z rifle
obtained.  The first victim was a
Thrush. On picking up the dying bird
it was noticed that a half-swallowed
Milky Slug protruded from its beak.
The bed was carefully examined and
many slugs were discovered.

This personal experience of the harm
done through ignorance is given because
it indicates the general outlook when
crops are damaged. Such soft-billed
birds as those of the Thrush family
are suited for dealing with grub food.
It scems unfair to condemn such birds,
however, because they are adapted
for dealing with soft fruits also. The
obvious cure for the depredation is to
gather the fruit when ripe.

TFarmers are continually complaining
of the damage done by Rooks. In
most cases they do not trouble to
inquire why Rooks follow the plough
in spring-time. In this case ignorance
is displayed. In ploughing the ground,
larvee such as the Cockchafer grub,
Wireworm, Leather Jacket, etc., are
brought to the surface. These are
sought after and consumed by the
“Black Rogues.” Certainly, when
young crops, Potatocs especially, are
attacked much damage is done, but
generally speaking it is only during
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drought that Rooks eat such succulent
foods. During the breeding season the
young are fed entirely on insect grubs
and larve; the amount required for
each nest must be enormous.

The Starling

The Starlings (Fig. 51) are among
the best friends the farmer has. They
seldom, if ever, feed alone, and with
the exception of the small amount of
fruit eaten in July and August, their
food consists of ground larve and
insects. Meadow land is their favourite
haunt. Here they may be found, often
in large numbers, running about close
to the feet of Sheep and Cattle, picking
up insects, such as the Crane Fly and
Beetles, disturbed by the movements
of the animals. Often their sharp beaks
prod into the ground; each time the
larva of some insect or Beetle has
received its death warrant.

Again, some will be seen perched
on the backs of Sheep. Here they are
in search of ticks, the Sheep Maggot
Lice and many other harmful insects.
The Wireworm, too, has another enemy
in the Starling. Like the Rooks, when
fields are being ploughed and cultivated,
the Starlings make full use of their
opportunities.

During the spring and summer as
many as three broods, each consisting
of at least five or six fledgelings, may be
reared. Here again is a good example
of the value of Starlings. All the young
must be fed entirely on soft larve,
Snails, Worms or insects. A young bird
is known to consume its own weight
in food in twenty-four hours. Professor
Newstead, writing in a supplement to
the Journal of the Board of Agriculture,
under the title of “ The Food of Some
British Birds,”” published in 1908,
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states that: “On a low average, a
Starling visited its young with food
169 times in seventeen hours of its day,
and the food in that time included
269 injurious insects to only four
beneficial ones; among them were
fourteen Snails and Slugs. In eighteen
minutes, eighteen Caterpillars of injuri-
ous Moths and four Wireworms were
brought.”

From the point of view of Nature
Study in schools, the study of Bird
Life should be considered as giving
scope for individual or group observa-
tional activity. Individuals or teams
may select a certain type of bird and,
by continual observation, discover to
a large extent its value to the commun-
ity. Lessons in school will be mainly
for the purpose of correcting or criti-
cising the knowledge gained. Class
lessons should deal with the general
characteristics of birds—their covering,
general skeletons, stomach, legs, wings,
feet, etc.—in order that the observa-
tions may be guided into the right
channels. Collections of birds’ eggs are
not particularly inspiring, nor have
they any educational value. Boys
have an innate love of collecting, but
so long as the teaching is of the right
kind and collectionsof eggs, forexample,
are obtained in the right way, it is
quite reasonable and even advisable
to utilise these qualities rather than
to stress the futility of collections.

Feathers

Although certain bird characteristics
are seen in other mammals, they
stand alone in the possession of feathers.
These completely cover the head, neck
and body, and in some instances
extend to the toes. From a casual
inspection it would appear that the
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feathers are evenly distributed over
the surface of the body. This is not so.

Feathers are arranged in definite
tracts on the body, with spaces of
varying distances between each. In
many instances the spaces are narrow
and the tracts wide, but the reverse is
also often found. A comparison of the
Duck and the Fowl will show con-
clusively what is meant. In the Duck
the tracts of feathers are wide and
the spaces between narrow; in the
Fowl the spaces are wide and the
tracts narrow.

Some birds also possess ‘‘ down”
feathers, which correspond to the
underfur of animals, whereas others
possess, between the tracts, hair-like
feathers (those singed from a Ifowl
after the body or contour feathers have
been plucked). The body feathers are
of much the same structure, consisting
of the quill and the shaft. Along the
shaft are arranged a series of barbs, or
flattened rods, which are attached to
each other by a series of smaller
hooked barbules, which interlock the
barbs. At the quill end of the shaft
the barbs have a backward tendcncy,
and these are held more loosely to-
gether, Sometimes from the base of
the shaft or vane a sccondary shaft
arises. This is a common feature of
scratching birds such as the Fowl or
the Partridge. In perching birds this
feature is generally absent.

Young birds are generally covered
with a downy coat. There is a notable
feature of the birds whose nests are
easily observed; for instance, the
covering of young Chickens exhibits
more of a feather-like appearance,
and this is also a feature of game
birds and birds which begin an active
life quite early,
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Anatomical Features

The wings, too, are interesting ; they
represent the arms or forelegs of the
higher mammals. There is an indica-
tion that the five fingers have been
modified to support the flight feathers.
In flying, a bird has to pull against its
weight, and the muscles used to pull
down the wing against the air are
remarkably strong. The principal
flight muscle is attached to the breast
bone and to the “arm” bone. The
wings are opened out by straightening
the joints corresponding to the elbows
and wrists and folded by bending
the elbow and bringing forward the
wrist joints.

The feet and legs of birds are en-
cased with a scaly covering. These
are modified to serve the function
they have to perform. The number
of toes varies from three to four, but a
fifth is never present. Birds which
spend most of their time in woods have
the hind toe long, and this makes the
organ specially serviceable in grasping
branches, In other cases, for example
in birds which spend most of their
time on the ground, the hind toe is con-
siderably shortened, enabling them to
walk comfortably. With Ducks and
Water Fowl the toes are united by a
web, which acts as a paddle in the water.
The legs vary considerably with the
kind of bird. In the scratching birds,
such as the domesticated Fowl, they are
strong and powerful; in birds such
as the Swallow they are thin and
short, and are seldom, if ever, used for
walking.

The skeletons of all birds consist of
very light bones and contain air. The
breast bone is large and broad and
more or less convex in shape. In all
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flying birds this is fitted with a *‘ keel,”
to which the flying muscles are at-
tached.

The skull is a notable feature also.
The bones become completely united
very early in life, Only a very thin
bone separates the eye sockets, which
are exceptionally large, even in a small
skull. The neck bones are exceedingly
flexible and articulate on saddle-shaped
surfaces; the number of vertebra
forming this part varies considerably.

The beak is an interesting part; it
may consist of a comparatively soft
material or become a very hard and
horny structure. The shape also varies
very much. In some birds it is fine and
slender ; in others short and thick;
spoon-shaped ; hook-shaped; wedge-
shaped ; short and flat, etc. Generally
the type of beak is an indication of
the kind of food eaten by the particular
type. Teeth are never present, but
some birds are provided with useful
and well-developed tongues.  This
feature is noticeable in the Wood-
Pecker, which uses its tongue for seizing
its prey.

The stomach is a peculiar feature.
Having no tecth, birds cannot masti-
cate food and hence the stomach is
of the utmost importance. Food is
swallowed and passes into an extension
of the gullet known as the “crop.”
(When a Fowl has been killed,
the contents of this part are often
interesting.) From this part the food
is gradually passed into a strong,
rough muscular part of the stomach,
known as the “gizzard.” Here the
food is ground up, by the additional
aid of small stones and grit swallowed
by the bird, into minute pieces and
passed on to the intestines. From the
intestines all nutriment from the food
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is absorbed, the indigestible part being
finally expelled.

The Persecution of Birds

Birds are, of course, of two sexes, male
and female. In most cases the male is
the more conspicuous. They are mono-
gamous during the nesting season, and
each bird does its share in nest building
and feeding the young. Unfortunately
the bright plumage of many birds has
led to their persecution, bright feathers,
wings, heads, etc., being at one time
considered as suitable ornaments for
the head-dress of ladies. Gradually
this practice is becoming infra dig. and
more thought is being given to the wel-
fare of the feathered tribe. Much good
work in this respect has been done,
and is still being done, by the Royal
Society for the Protection of Birds;
every Nature-Study teacher should be
a member of the Society. Apart from
the valuable prizes offered to children
for essays on Bird and Tree Life, the
informative leaflets supplied gratis to
schools, or at a purely nominal cost,
are invaluable.

The classification of birds is much
too involved a subject for schoolwork.
1f children are taught to observe the
general characteristics of birds, their
food, methods of flight, their value to
mankind, etc., confining activities to
a few birds, the Nature Study will be
of lasting value to the community.

A few points in the life-history of one
or two birds will be sufficient in this
volume. Many excellent books have
been written on the subject, but for
school purposes the leaflets mentioned
previously will be found to contain
all the information necessary, supple-
mented, of course, by the personal
observations of the teacher.
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The House Sparrow

The House Sparrow,
found always near the
habitations of man, is
noted for its pugnacious
and cheeky manner.
Its total length is ap-
proximately six inches.
The crown of the head
of the male is ash-
grey ; the underpart of
the throat black, the
cheeks being a dirty
white. The general
colour of the upper |

STARLING

part of the body is

chestnut brown, the
underparts being of a
lighter shade; the

wings have one light

bar. The legs are pale brown and the
toes are characteristic of the Perchers
(or Passeriformes). The hopping move-
ment is also characteristicc. = When
flying for a short distance the flight is
rapid and straight. The female is much
the same in general colour, but does
not have the black bib or such prom-
inent marking on the head,

The nest is built high up under the
eaves of buildings, in ivy, on houses and
occasionally in trees, but never in
hedges.

Often the nests of Swallows, when
nearly completed, are stolen by the
Sparrows, the pugnacious intruders driv-
ing out the rightful occupants. The
nest, very untidy on the outside, con-
sists of straw, hay, pieces of rag, wool
and almost any easily obtained material.
The inside is more carefully constructed,
and is lined with feathers. Generally
five light-blue eggs,spotted and blotched
with brown, are laid, and these hatch

THE STARLING.

Starlings seldom feed alone, even in the breeding season they may be

seen 10 numbers of ten to a dozen searchiug grass lands for worms, etc.

In the early morning they approach human dwellings. where they do good
scrvice as scavengers as well as 1msect and grub eaters,

out into helpless naked birds in fourteen
to sixteen days.

In the early stages the young are
fed entirely on insects and small Cater-
pillars, Aphides providing tasty morsels.
At a later stage, when able to find their
own food, Sparrows enjoy a mixed diet.
Small seeds are readily consumed, but
Insects, Flies and even Butterflies lend
variety to the dict. Near houses the
chief food consists of the grubs of House
Flics, Bluebottles, and even the winged
insects themselves. Their courageous
nature enables them to seek food in
stables, dog-kennels, back yards, etc.,
and 1n this manner they act as scaven-
gers, ridding the community of many
noxious insects which the purely insect-
eating birds, owing to their shyness,
would miss. Often Sparrows may be
scen tackling Butterflies in flight, and
the insect seldom gets safely away.

Sparrows, however, do a certain
amount of damage iu cornfields, which
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they visit in droves when the grain is
ripe. Against this, on behalf of the
Sparrows, it must be pointed out that
their favourite diet consists of the
Cockchafer Beetle or the Daddy Long-
legs, the larve of which would do
considerably more harm to field crops
than the Sparrows.

Again, the hardy temperament of
Sparrows, their power of supporting
life on anything that turns up, their
fondness for insects and Caterpillar
life in the early spring, long before the
migrant insectivorous birds arrive, ren-
der them useful servants throughout
the year. Their cheeky chirpings, even
on frosty mornings, must find a soft
spot in the hearts of intelligent people.
Although their numbers increase at a
rapid rate, such birds are verily a boon
to the country, and taking all things
into consideration they rank high among
the birds useful to the community.

The Thrush Family

The Thrush is another common
resident bird, and is very useful both
to the farmer and gardener. The
upper part of its body is usually an
olive brown, the head being of a similar
colour. On the underside and especially
the throat, the general ground-colour
is yellowish white, but spotted with
dark brown. Its pale-brown legs are
thin and enable it to run quickly for
a few steps. The Thrush has also a
characteristic sidelong leap, which is
always introduced when it is in search
of a suitable stone on which to break
the shell of a snail. When flying, the
movement is rapid and straight.

Probably Thrushes are the best
harbingers of spring. Even before
winter has passed the melodious song
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of the Thrush can be heard early on
a sunny morning.

Before the end of March the nesting
season has begun. Thrushes build in
various places, but seldom, if ever,
more than ten feet from the ground.
The favourite place is in the fork of
a bush or tree, but often nests are
found in hedgerows of hawthorn. The
nest is made of rough grass and hay,
the inside being lined with mud,
smoothed carefully to form a deep cup.
Five pale-blue eggs are laid, the thicker
ends having a few purplish or black
spots ; those of young birds show no
markings.

In about sixteen to twenty days
the young and almost naked birds
are hatched. The hen bird does
all the sitting necessary during the
incubation period, but the feeding of
the young is carried out by both
parents. In the early stages, earth-
worms form the chief diet, but later,
larve and insects provide a suitable
variation. After three weeks, some-
times less, the young birds are able to
leave the nest, and at the end of a month
are quite independent. The older birds
usually raise three broods each season,
the last one being ready for flight early
in July.

The food of Thrushes, Blackbirds
and other members of this family, the
Fieldfare and Redwing, consists chiefly
of slugs, snails, earthworms and insects.
In autumn, the first two mentioned
are extremely partial to ripe fruits,
such as Currants, Raspberries, etc.,
and it is necessary to protect such fruits
from their beaks. Early in winter,
when this diet partially fails, they take
to wild berries.

The Fieldfare and the Redwing are
winter visitors only. During this
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period all the members of the Thrush
family work entirely for the benefit
of Man. Snails and slugs are sought
out in their winter quarters, and in this
work they ex-
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was applied from an old idea that
through this bird the Mistletoe seeds
were dispersed. [t is stated by some
authorities that the bird seeks out

the berries,

hibit much
ingenuity. On
finding a snail,
the captive is
carefully
carried to the
nearest stone.
Here, by
continual tap-
ping, the shell
is broken, and
with a gulp
the succulent
body disap-
pears. Chrysa-
lides are
eagerly sought

Tre Cucroo

eats the succu-
lent part and
in cleaning its
beak by scrap-
ing on the
bark of fruit
trees, acciden-
tally places
the seeds in
positions suit-
able for ger-
mination.

1 he Fieldfare

The Field-
fare is distin-
guished from

after also. The
destruction of

the molluscs
and chrysa-
lides  during

the winter season alone amply repays
Man for the small loss of fruit during
the ripening season. Throughout the
spring and early summer, snails,
worms, insects, cockchafer beetles,
wireworms and caterpillars provide
delicacies for the Thrush family.

The Missel Thrush

The Missel or Mistle Thrush, another
resident bird, is larger than the Com-
mon Thrush. Its general colour is
ash brown, the throat being white,
speckled with dark brown; the
outer tail feathers are tipped with
white. When standing, its body is
erect and its hopping movements are
Quick, as if startled. The name Mistle

THE CUCKOO.

The Herald of the Spring, whose note is listened for by
country folk,

the Thrush by
its grey head
and rump and
by its golden-
brown breast
strcaked with black. It is also a larger
bird than the Thrush and only visits
the country in the winter.

The Redwing

The Redwings visit this country
in flocks of a dozen to twenty towards
the end of October. The males are a
uniform olive brown on the back and
wings ; the chest is a pale buff streaked
with brown; the under-part of the
wings and the flanks, from which the
name is derived, is a rich, reddish
chestnut.  The females are very
similar in colour to the males, but not
such a deep brown. As spring ap-
proaches, the birds leave again for
more northerly climes.
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The Blackbird

The Blackbirds are resident. The
male and female can readily be dis-
tinguished ; the cock bird has black
feathers, an orange-coloured bill and
black legs; the female has a sooty-
brown coat, a light-brown bill, but,
like the male, black legs. The flight
is rather unsteady. When alighting
or hopping, the fan-shaped tail is
elevated. The nest of this bird is
usually found low down in hedgerows,
but often in trees and shrubs. It is
similar in general construction to, but
larger than, that of the Thrush ; the
inside, however, is not lined with mud,
although mud is used for the founda-
tion. The four to six pale-blue coloured
eggs are thickly mottled throughout
with reddish markings. Often, how-
ever, the conspicuous markings are
absent, the ground-colour appearing as
a greyish blue. In other instances the
eggs are only blotched at the larger end.

A certain number of Blackbirds find
their way early in winter across the
Channel. The majority, however, re-
main, and as spring returns, visit the
haunts of the previous year. The
song of the Blackbird is a special
feature. Even in the wild state, he can
be trained to imitate certain notes.
The first three bars of “ The Police-
man’s Holiday "’ he can usually manage
quite easily. The author has pleasant
recollections of efforts made, during
college days, by fellow-students to
persuade a Blackbird to complete the
second three bars, hours being spent
on his instruction.

The Cuckoo (Fig. 52)

The well-known note of this bird is
most eagerly listened for by all country
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dwellers. Even in town there seems
to exist a certain amount of rivalry,
and many persuade themselves that
they have heard him, and notify the
local papers accordingly. Generally,
the bird does not reach these shores
until the early part of April, reaching
the Midlands about the middle of the
month. The bird has a hawk-like
appearance, and is very similar in
flight to the Sparrow Hawk.

In colour, the head, throat and back
are of an ash-grey tone; the under-
part of the body is a greyish white
with darker bars, and the legs are
yellow. When on the ground it moves
with rather awkward jumps, but
when perching in a tree it has a
characteristic upward-raised tail.

The Cuckoo evidently has not suffi-
cient time, or perhaps energy, to build
a nest in this country. She prefers to
utilise a ready-made home and instinc-
tively chooses the nest of an insec-
tivorous bird. With her keen sight she
sclects a suitable nest, that of the
Hedge Sparrow, Mcadow Pipit, Reed
Warbler, etc., lays her own egg on the
ground and then carries it in her beak
to the selected spot. Often she carefully
takes out the eggs of the rightful
owner—some writers state that she
consumes the inside. This point has
not been satisfactorily examined, but
eggs having been found unbroken out-
side a Hedge Sparrow’s nest, the ques-
tion is still open to doubt.

The egg is larger than that of the
Hedge Sparrow ; it is of a greenish-blue
colour, generally, with reddish spots.
It is not known exactly how many
eggs a Cuckoo lays; a single egg is
usually found in one nest. The incuba-
tion by the foster parent usually takes
three weeks, In a very short time the
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young Cuckoo acts as a murderer. By
his superior size he consumes all the
food the foster parents can supply him
with and still asks for more, keeping
the other natural occupants without
food. Within a couple of days the
young Cuckoo, by twisting and turning,
gets the progeny of his foster parents
on to his back one by onc; these he
pitches out of the nest. In less than a
month the bird is fully fledged, but
even in this condition it does not resist
the kind attention of its foster parents.
When once on the wing, however, it
takes a southward course, and towards
the middle of September leaves this
country for a warmer clime.

During its stay of approximately
four months, the Cuckoo does much
useful work. The leading ornithologists
agree that it is the only bird which
tackles successfully the Woolly-Bear
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Caterpillars of the Tiger Moth. These
Caterpillars, which are covered with a
coating of dense, long, hairy fur, are
capable of doing a great amount of
harm. They are usually found on
members of the Dead Nettle family,
but will consume any green stuff.
(In a terrarium they exist quite well
on Cabbage or Lettuce leaves.) The
Lackey Moth Caterpillar also has a
deadly enemy in the Cuckoo. When
the Moth has laid her eggs in an or-
chard, the Cuckoo finds this a happy
hunting ground.

Migration is a subject which should
reccive consideration in schools. Little,
however, can be done except recording
the migratory birds, the time of arrival
and departure, etc.,, the food con-
sumed, methods of flight, and whether
they are of gregarious habit or other-
wise.

CHAPTER VII
ANIMAL LIFE

NIMAL Life should receive as

much attention as possible in

country schools; town and
city schools, however, should not
neglect the subject. The work must
of necessity be observational activ-
ity outside the school, but with the
smaller animals such as Mice, Rats and
Rabbits, good work can be accom-
plished in the classroom. In the first
place it is necessary gradually to
broaden the outlook of the children as
to the meaning of the term Animal Life.

Mammals

It has previously been noted that
all living things belong to one of the
groups, either plants or animals, and

the characteristics of each group have
been mentioned. Children are taught
to recognise Biids as Birds, Insccts as
Insects ; thercfore they should be taught
to recognise the so-called animals, such
as Dogs, Cats, ctc., as Mammals.
Birds and Reptiles are recognised
because they lay eggs—hence it is an
easy step to recognise the animals
which suckle their young as Mammals.
Horses, Cattle, Sheep, Pigs, Dogs.

Vertebrata

Cats and Rabbits, although easily
distinguished from each other in out-
ward appearance, are yet very similar
in their general structure. They belong
to that group of the Animal Kingdom
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known as Vertebrata, and all have
backbones. In this group there are
five classes—Mammals, Birds, Reptiles,
Amphibians and Fishes. To the first
class, Mammals, all animals which
provide milk for their young belong,
this class including, of course, Man.

It is not necessary to go deeply into
the anatomical structure of an animal,
yet the main parts can easily be
understood if comparisons are made
with the human body. No child can
pass a butcher’s shop without observing
that animals are made up of different
parts. When a Sheep is hung up before
being cut into ‘* joints,” bones are scen
as well as the lean and fat parts. It
is true that certain parts—the inside—
have been removed, but even town and
city children realise that tripe comes
from the inside of a Cow. Since all
animals are similar in construction
so far as the skeleton is concerned, a
few features of the Horse will be given,
reference being made to the variations
exhibited by other animals,

The Anatomy of the Horse

The bony framework, or skeleton, is
made up of an axis, or trunk, which
consists of a skull and backbone.
Appended to the trunk are a pair of
fore limbs and a pair of hind limbs,
these articulating on certain bones
known respectively as the shoulder
girdle and the hip girdle. The back-
bone, like that of a Man, consists of
a number of bomes, each termed a
vertebra. In each vertebra is an
aperture, so situated that when such
bones are placed end to end the
apertures form a tube known as the
* peural canal.”” Through this canal
the nervous axis, or spinal cord, passes,
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half the canal being easily seen in the
thick end of a mutton chop.

In the living animal the bones do
not come in direct contact with each
other, but are separated by a pad of
cartilage or gristle. Thus the backbone
has a certain amount of elasticity,
otherwise the ““ trunk backward bend
order in Physical Training could not
be used. The Cat, when danger
approaches, arches her back by reason
of the cartilage, and a Horse is enabled
to jump by the pliancy given to the
backbone by this material.

The Vertebral Column

The vertebral column is divided into
severaldistinctregions. Seven vertebra
form the neck, and together are known
as the cervical vertebre. In the horse
these are succeeded by eighteen bones
which support the ribs, these being
known as the thoracic vertebrz. Be-
hind these come six lumbar vertebra,
followed by five sacral vertebra fused
together into one piece, then about
seventeen vertebre forming the tail, or
caudal, vertebrze. The sacral and caudal
bones have no neural canal ; the caudal
bones of the Cow, for example, used
for Ox-tail soup, are simply horny
cylinders.

The Skull

At the forwara end of the trunk
the central bony axis is modified to
form a skull. The neural canal extends
into a large cavity known as the
cranium. This is surrounded by thin,
flat bones, the parietal bones at the
sides and the frontal bones in front
extending above and below the eyes.
Below the cranium is the facial part
of the skull. Much of this part is
underlaid with the nasal bones, which
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are long triangular bones extending
down in front of the nose cavity.
The forward extension of the frontal
bones carries the upper cutting teeth.
Two large and flat bones form the
lower jaw. Each carrics half the num-
ber of the lower teeth, being fused in
front but receding from each other
backwards, the ends articulating by a
convex surface with the lower part of
the skull.

The Ribs

The Horse has eighteen ribs. The
first eight, or true, ribs are connected
separately with the sternum, or breast
bone, which 1s narrow and keel-like.
The remaining ten are united together
by cartilage and form * false” mnbw.
In the Cow the breast bone is broad
and flat—this gives the animal a broad-
chested appearance.

The forelcgs of a Horse can only
move backwards and forwards, hence
the shoulder girdle consists only of a
pair of shoulder blades, no clavicle or
collar such as is found in a Man being
present.  The hip girdle is a more
complicated structure. It is made up
of two similar halves, each half con-
sisting of three bones which meet
together in a decep concavity into
which the end of the femur, or thigh
bone, fits. The two sides of the hip
girdle do not meet, but are inclined
towards each other on either side of
the sacrum. Together they form the
“quarters” of a Horse, and on
their size depends the width of the
quarters.

The legs of a Horse are similar in
general construction to those of a
Man.  Each foreleg contains the
humerus, or shoulder bone. This is
hidden by muscles, but when the
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THE HORSES
FooT

e METACARPAL BONE

Hoany FROG

Fig §3

HORSE'S FOOT: ANATOMICAL DETAILS.
The structurc of the leg and foot of the Horse is
fully described n the text. Note that the *‘ foot’’

consists of one toc only.
animal moves, the movement of the

humerus forwards or backwards can be
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observed. From the joint correspond-
ing to the elbow, the ulna and radius
are present; in the Horse, however,
they are joined together. The ““knee”
of the Horse corresponds to the ** wrist "
in Man. This is made up of carpal
bones consisting of an upper and a
lower row. In the Horse there are
three upper and three lower bones. An
additional bone projects at the back;
this is the pisiform. Each bone has a
smooth surface covered by a delicate
membrane, which secretes a type of
lubricating oil. The arrangement of
the knee joint is such as will permit
free movement and yet prevent fracture
when drawing heavy loads or alighting
after a jump.

The Foot

The foot is somewhat different from
the hand of a Man. The bone corre-
sponding to that extending from the
wrist to the back of the middle finger
is the only one well developed. This
forms the hard shank, or cannon bone,
of the Horse.

On either side of the cannon will
be found a slender bone; these are
termed splint bones, and correspond
to the first and ring fingers of a Man's
hand; they do not extend the whole
length of the cannon bone. In the
middle finger of a Man, three joints are
present, the end one bearing the nail ;
the foot of the Horse has the corre-
sponding parts. The upper joint nearest
the cannon is termed the pastern, the
middle one the coronet (the crown of
the hoof being around it), and the
third, or coffin bone, is buried in
the hoof. The part representing the
hoof not only covers the back of the
coffin bone but extends round the front
and sides.
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The ‘ Navicular Bone”

Behind the joint formed by the
coronet and coffin bones is a floating
bone called the ‘‘navicular bone.” It
is in this region that a disease known
as the navicular disease is often found.
The hind legs of the Horse correspond
to the legs of a Man. The femur or
thigh bone is covered with integuments ;
its movement can be seen, however,
when the animal moves. The end of
the fernur is rounded and articulates
in a cavity formed by three bones of
the hip girdle; hence this, like the
corresponding joint in a Man, forms a
““ball and socket.”

In the Horse the femur of the hind
leg has a projection about a third of
the way down in the form of a com-
pressed ridge curving forward, termed
the third trochanter. This forms the
point of attachment for the powerful
muscles which move the legs; Cattle,
Sheep and Pigs do not show this
special modification.  Corresponding
to a Man's leg, the Horse has both
bones, the tibia and fibula, the latter
being a very slender bone. The patella
of the knee has its counterpart at the
stifle joint, the patella being attached
by three ligaments to the strong tibia

(Fig. 53).

The Hock

The hock of the Horse corresponds
with the ankle region of a Man, The
tarsal and metatarsal bones of the
Horse, however, approach a perpendic-
ular position. The corresponding bones
of the foot are similar in name to those
of the fore foot and may be compared
with the bones of a Man's foot. The
middle metatarsal bone forms the
cannon; on either side metatarsal
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bones form the splints. The foot is
formed by the joints corresponding to
the middle toe, which are called the
pastern, coronet and coffin  bones.
Behind the junction of the coffin and
pastern bones in each limb there are
two floating bones, termed the sesa-
moids. The latter are covered with a
horny growth and a long tuft of hair,
termed the fetlock. These hairy
growths are a peculiar {fcature of the
Horse and vary in length with the
breed.

The Hoof

The hoof structure is important.
The coffin bone, the navicular and the
lower cnd of the coronet form the
articulation ‘of the foot. The part
which is seen resting on the ground
is known as the wall, or crust. Under-
neath the foot is seen the sole and the
Irog, the latter being a pyramidal mass
of horn lodged betwcen the two re-
entering portions of the wall. Between
the sole and the wall is the “ white
line.”” This is soft and flexible, and so
prevents the breaking of the sole from
the wall. The sole and the frog do not
continue to grow indefimtely ; the wall
does, and, unless kept down after reach-
ing a certain length, begins to peel and
break off in a similar manner to the
nails of the hand.

Anatomy of the Cow

The Cow is similar in general con-
struction to the Horse. The bones of
the skull, however, are much larger,
and from this, conical projections arise
which support the horns. The horny
covering is formed by secretions from
the skin in a similar manner to the
formation of the human nails and the
hoofs of animals. A further variation
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SHOWING CQLOVEN HoOF

DRAWN ROM SPECIMEN
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THE FOOT OF THE PIG.

Fach foot consists of four toes; the phalanges of
two only reach the ground, forming the familiar
doven boof,
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is noticeable in the foot. The cannon
bone is formed from the bones cor-
responding to the second and third
metatarsal bones of the hand, joined to-
gether on their inner faces ; the digits
or phalanges are, however, separated,
and hence the divided, or cloven hoof,
The Cow has thirteen ribs, eight true
and five false. The tail contains
eighteen to twenty vertebree.

The upper or premaxillary bones do
not carry teeth, their place being taken
by a hard pad, against which the lower
incisors bite.

The Pig

The Pig shows one or two slight
variations. Four of the metacarpal
and metatarsal bones are developed, two
only of each forming a “hoof "’ (Iig. 54).
Its head has a prominent ridge, ot crest,
and at the nose end a special scooping
bone strengthens the snout. The lower
jaw is adapted for movement in any
direction. Fourtcen ribs are present,
seven true and seven false. The caudal
vertebre usually number twenty.

The Stomach of a Ruminant

The internal structure of animals
such as the Horse, Dog, Cat, Rat,
Mouse, Rabbit, etc., is very similar in
general construction to that of Man.
In the Cow, Sheep and Deer the
stomach is of special form. Generally
the Cow is said to have four stomachs ;
actually the stomach comprises four
separate compartments: the Paunch,
the Honeycomb, the Manyplus, or
Manyleaves, and the Reed, or Rennet,
stomach.

The food obtained is passed into the
first stomach or paunch (Fig. 355).
When resting this is regurgitated in
small quantities and reduced to a fine
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condition between the teeth (chewing
the cud), passing again down the
gullet into the second division, on to
the third and finally to the fourth, or
rennet stomach. The latter is the only
part having digestive juices. After
being mixed with the gastric juice in
the rennet stomach, the material is
passed on to the intestines and follows
the same course as in other animals,

Muscles

When alive the bony framework of
all Mammals is covered with flesh.
This consists of a large number of
cells arranged to form fibres, these
being collected together to form bun-
dies. Lach bundle is connected with
two or mwore separate bones and has
the power of extending or contracting.
Buadles which have the power of
contraction and extension are termed
muscles, and movement in any form is
due to their orderly movement. At
the ends the chief muscles usually
taper off and lose their fleshy appear-
ance, changing into white and fibrous
elastic cords. The movement of the
muscles above the wrist, when the
hand is tightly closed, or the swelling of
the contracted biceps muscle when the
forearm 1s bent towards the shoulder,
will demonstrate the work of muscles.

Most Mammals have a special cover-
ing of fur, hair or wool. This covering
is an outgrowth of the skin, and forms
a protection against adverse climatic
conditions.

All Mammals have a four-chambered
heart and breathe by means of the
lungs. The heart and lungs are separ-
ated from the intestines by a special
partition known as the diaphragm, and
this arrangement is not found in other
animals,
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The Senses

In most Mammals one or other of
the senses is well developed. Hearing
is generally good,
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slightest sound, such as the falling of
a leaf to the ground, is sufficient to
cause the pricking up of its ear-lobes.
The click caused by the drawing back

of the hammer of

and most Mam-
malia have large™
external ears, The
Horse, Donkey,
Cow, Rabbit and
Hare have ears
well  developed.
Other animals
such as Dogs,
Foxes, etc., have
an exceptionally

keen sense of
smell. The sense A. CuLLeT
of touch is highly B PauNcH.

developed in
practically all
Mammalia.

RUMINANT  STOMACH

O LIBER 0R MANYPLUS.
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a gun is sufficient
to start it on a
rapid homeward
run. When danger
approaches, the
Rabbit has a char-
acteristic habit of
stamping on the
ground with a hind
leg, this serving as
a warning to its
companions some
distance off. The
sense of touch is
also highly de-
veloped, and, like
the Cat, the

Horses, Dogs and

Cats have this
sense  well de-

. K the reunet stowach.
velopedintheskin,

the Cat having an additional aid in the
whiskers, or vibrisse, around the mouth.
Sight is generally well developed in
Mammals. The Mole, however, often
spoken of as blind, and the Bats,
“blind as a Bat,” have cyes of very
small dimension and development, but
these animals can sce. The Bat, for
example, recognises ‘‘ light,” and will
fly round the ray of a flash lamp if this
is directed upwards. Moles have the
hearing well developed, and people who
live in the country realise how sensitive
they are to the sound of movement.

The Rabbit

The Rabbit in the wild state has
the sense of hearing very well devcl-
oped. When feeding in the ficlds. the

STOMACH OF THE COW.

This consists of the paunch, honeycomb, liber and

vibrisse help con-
siderably in this
respect.

Rabbits belong
to a group of Mammals known as
Rodents, or gnawing animals, the teeth
being the outstanding characteristic.
The front teeth, the incisors, have the
peculianty of continuous growth from
the base. In order to keep the teeth
within reasonable bounds the animals
must gnaw hard substances like the
bark of trees. The wearing-away
process renders the teeth sharp and
chiscl-shaped, and hence Rabbits often
do much harm to young trees. The
upper lip is divided into two parts,
enabling this portion of the mouth
to be drawn away when the cutting
teeth are in operation.

From head to foot, Rabbits are
coveretl with a thick fur, generally
light brown in colour, the belly part
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being of a whitish shade. The under-
neath of the tail is a pure whitd. Since
Rabbits feed generally in the evening,
the under-tail serves as a guide to
others when on the run to the holes
Or warren.

The body of the Rabbit is long and
slender (approximately 20 ins.). Its
hind legs are longer than the forelegs,
this formation enabling the Rabbit to
move quickly by lcaps and bounds.
Each foot has four toes, which, hke
those of the Dog, are thick, blunt and
strong. Generally Rabbits shun in-
habited districts and live gregarionsly
in colonies underground. When about
to produce 1its young, the female
Rabbit leaves the warren and sceks
out a dry bank. Here she scratches
out a hole, less than a foot deep, hollows
out a part sufficicnt for her body to
turn about and with fur from the
underside of her body a very comfort-
able and cosy nest is constructed.
The young, four or five born at the
same time, are quite blind and naked.

After nine days the eyes open, and in
three weeks the little Rabbits are able
to run about and nibble the leaves of
grasses, etc. When a little over six
weeks old, the Mother Rabbit leads
her offspring to the usual warren and,
after a very limited period, casts them
off entirely.

Commercial Value of the Rabbit

At the present time there are many
breeds of Rabbit kept in captivity for
the fur. The fur of the Angora is
exceptionally woolly and is used for
the lining of gloves and in the manu-
facture of dainty underwear, The
Blue Beavourines have fine fur of a
woolly texture. After the skin has
been cured, the pelt is used for fur
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collars and cuffs for ladies’ coats, and
a large type of Rabbit, the Belgian
Hare, is bred almost exclusively for its
flesh, although the pelts, after being
cured and dyed, are of commercial
value.

The Wild Rabbit, although more or
less a nuisance to the farmer, is a
valuable source of income. In these
days the skins have a high commercial
value, the flesh being used as food.

The Hare

The Hare, although similar in many
respects to the Rabbit, has certain
characteristics. It is a much bigger
animal, often twenty-seven or more
inches in length. Its hind legs are
apparently out of proportion to its
body, but with these it is enabled to
run at a surprising speed and also to
make extremely quick turns, It is
an excecdingly timid animal and very
quick to detect the slightest sound.
Its long cars, like those of the Rabbit,
can be turned in almost any direction
to catch sound. In general colour the
fur is reddish brown, but the under-
side is of a much lighter shade, often
being white, the underside of the
tail being whiter than the rest. Its
feet, each having five toes, are covered
with fur.

Unlike Rabbits, Hares do not care
for each other's company, except in
the breeding season. Warrens are
not constructed, the Hare preferring
to live in a hollow formed by its
own weight in grass or clover—the
Hare’s “ form.” The young are born
with their eyes open, the body being
well covered with fur. In four or five
hours after birth, the young Hares, or
Leverets, are able to run about and
nibble grass, etc.
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Like the Rabbits, Hares have a split
upper lip, sharp chisel-shaped incisors
and are herbivorous. Much harm is
done to crops by these animals, yet they
are protected until the shooting season,
when they provide excellent ““ sport.”

As a general rule Hares do not
thrive in captivity, their timid nature
being unsuitable for companionship.
In the wild state, on the slightest
sound, they crouch down, ears well
back, and are not easily distinguished
from the soil, which the fur resembles.
Should danger approach, they bound
away with marvellous speed, often
beating in the chase the fastest grey-
hound.

Rats and Mice

Rats and Mice are also Rodents, but
differ in size and habits from the
Rabbit. The Brown Rat is the one
most commonly known in this country.
His habits vary with his surroundings.
When living together in farm buildings
the chief diet is corn obtained from the
stooks or out of bins, feeding troughs,
etc. Eggs of Fowl and Ducks are
also consumed. These are taken from
the nest and often rolled to the burrow.
Semetimes one Rat will secure an egg
between its throat and knee joints,
being dragged along by another Rat
to the entrance of its lair. Young
Chickens and Ducks do not come amiss
to this animal, and, in fact, he will
eat anything,

The Black Rat, often found in sewers,
is larger and more savage than the
brown type. When in danger from
Man or Dog, it becomes very fierce,
and will use its only weapons of defence,
the incisors, to good advantage. A
young Dog, once bitten by a Rat, often
shirks his work on a second occasion.
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Mice are very common, and hence
there is no need to go into details.
The Dormouse, however, is worthy of
note. He is an elegant little fellow,
slightly larger than the House Mouse.
His fur is a light reddish tawny colour
above, but pale and yellowish on the
underside. Like the majority of Ro-
dents, he is nocturnal in habits, sleep-
ing during the day in a nest built in
the hedgerows. His food consists
almost entirely of seeds, acorns, nuts,
etc., but he consumes a number of buds
in early spring. During the harvest
period and in late autumn he be-
comes very fat, and presently retires
to his warm nest, spending the winter
in a dormant condition.

The Squirrel

The Squirrel is another interesting
Rodent (Fig. 56). Its reddish-brown
coat and bushy tail are familiar to
most country dwellers. Generally its
food consists of seeds of various kinds,
the beech and hazel nuts and acorns
being 1ts favourite diet. Like the Dor-
mouse, however, it consumes a large
number of buds in the early spring.
During the autumn, the Squirrel stores
up a great many nuts, several hoards
being made. Unlike most of the nut-
eaters—the Dormouse, Wood Mouse,
etc.—it is impatient when breaking the
hard shells of nuts. The Wood Mouse
holds the nut in its fore paws and turns
it round and round as if in a lathe until
the shell will readily break into two
halves ; the Dormouse makes several
small holes or narrow grooves; the
Squirrel makes an incision in the shell,
and then with its powerful incisors and
front paws rips it open.

The Grey Squirrel is not a native of
this country. It was introduced from
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North America, but is now very
common in public parks and well-
wooded areas; it is not so common
as the Brown Squirrel. Both types build
their nests of hay, grass and twigs,
high up in trees, pines often being
selected.

During the autumn, after making
several hoards of fruits and seeds in
hollow trees, sometimes in the nests
and occasionally under herbage, the
Squirrels prepare for the winter. Their
nests are enlarged and often recon-
structed so that a covering is provided
against adverse weather conditions.
The interior is lined with grass, hay,
and bits of straw. Here, with its bushy
tail forming an additional warm pro-
tection, the Squirrel sleeps during the
cold days of mid-winter, but does not
hibernate like the Dormouse. When
hungry, even on frosty davs, it may
often be observed visiting its “‘ store”’
or ripping to picces the cones of pines,
extracting the seed for its food.

>

The Water Vole

Other Rodents, such as the Water
Voles and Guinea Pigs, should receive
consideration. The Water Vole, often
wrongly called the Water Rat, is able
to swim quite well. Its food con-
sists of fish, occasionally the young
of Water Fowl, sceds of water plants,
and the bark of trees growing ncar
the water’s edge. In various places,
dotted about among the rushes, will
be found a kind of platform, similar
to the nest of the Coot, on which
the Water Vole consumes its food.
Although it burrows extensively in the
banks of streams it does not use its
burrowas a dining-room. When nesting,
a platform is constructed high above
the water level, similar to its feeding
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platform, but farther from the bank,
Its young have fur from birth and in
a few days are able to swim.

Natural enemies of all Rodents are
found in the Stoat and Weasel and in
other less common members of the
Weasel Family, the Polecat and Mar-
ten. They belong to the order Carnivora,
and are untamable and bloodthirsty
animals which, when hunting, will
attack animals much larger than them-
selves.

The Stoat and the Weasel

The Stoat and Weasel can easily
be identified, although both have a
deep-brown or russet-brown coat ; the
tip of the Stoat’s tail terminates in a
bushy brown tutt; the Weasel's tail
is much shorter and displays the russet
brown of the back throughout. The
fully grown Stoat, also, is much larger
than the Weasel ; 1ts total length may
reaclt eighteen inches, the tail taking
up half of this. The Wcasel is much
shorter in build, seldom more than
ten inches from the tip of the nose to
the tip of the tail; the tail is usually
about one-third of the total length.

The underside and sides of the Stoat
are much lighter in colour in winter,
often assuming a whitish or pale-yellow
colour. The Weasel does not change
its colour to any appreciable extent.
Some writers state that seasonable
changes do occur in the fur of Weasels,
but judging from personal observations,
the change, if any, is very slight. In
certain areas, especially the North,
the whole of the body of the Stoat
changes to a yellowish white hue, with
the exception of the black end of the
tail, which does not alter. Neither in
Shropshire nor Staffordshire has the
author discovered a Stoat with a semi-
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SQUIRRELS.

These graceful, impudent little fellows are to be found mn almost any place where Hazel, Beech or Pine trees
abound. The North American Grey Squirrels are much larger than the commen English Squirrel, but are less

handsome,

white coat, but specimens have been
seen in Yorkshire. The so-called
“ermine ”’ is the fur of a Northern
Stoat in his winter coat, the black
hairs being the tip of the tail.

. Stoats and Weasels are regarded as
.‘ vermin " in country districts. This
1s rather an erroneous appellation, for

The two hinds are seldom found 1n the samc wood.

both do a certain amount of good,
even if harm is done to the keepers’
“game.” Rabbits breed rapidly, but
Stoats and Weasels keep the numbers
down by sucking the blood of many
young ones early in the spring. At
the same period they also suck the
eggs of such birds as Partridges and



138

Pheasants, which nest on the ground.
Young birds are also attacked and
their life-blood extracted, and hence
gamekeepers destroy as many Stoats
and Weasels as they possibly can.
The value of these animals is apparently
ignored,  During the winter, Rats,
Mice, Voles and Moles have deadly
enemies in the Weasel and Stoat.
The Weasel is a splendid underground
worker, and hunts the burrows of Rats,
Moles, Voles, etc., when other food is
not easily obtainable.

Rabbits are seldom attacked in the
burrows, but should one be attacked
when feeding, it loses all sense of
direction and dashes away, closely
pursued by the Stoat or Weasel
When exhausted, it is bitten at the
back of the ears by the pursuer,
who enjoys to the full the warm blood
of its victim. Even Hares run in
absolute fear of these small carnivora
and rush madly about when one is
near. When the Stoat has tired its
intended victim, it stealthily ap-
proaches the exhausted Hare; one spring
and a bite are sufficient, the Hare
apparently having lost all power of
movement. In country areas, the piti-
ful cry of the Hare is sometimes
heard ; it is similar in many respects to
the cry of a child in pain.

It is rather a curious fact that such
small creatures as the Stoat and Weasel
should be able to overcome powerful
animals like the Hare ; one kick alone
from the hind legs of the Hare would
be sufficient to break the back of the
largest Stoat.

Even Fowls seem to dread the
presence of a Stoat. Often Hens are
destroyed wholesale. It would appear
that a Stoat often kills for the joy of
killing, for in a Fowl pen it always
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des roys more than it could possibly
consume. It may be that the Stoat
dislikes noise, and when the other
inhabitants make a noise, its efforts to
effect silence result in the death of the
clucking birds. The back of the head
in the region of the jugular vein is
a favourite killing spot. A Fox, the
largest wild animal of the Carnivora
Order in this country, always bites off
the heads of poultry; hence the mur-
derer can easily be identified.

Another peculiar fact with regard to
the Carnivora Order, or flesh eaters,
is that Man has chosen such types for
his companions. Dogs and Cats belong
to this order, but through training and
breeding, types have been obtained
which can exist quite easily on a mixed
diet.

Dogs

The Dogs of to-day have practically
all developed from the Wolf, the Jackal
and the Fox. The different breeds
found in the world are a tribute to the
care and attention which has been
devoted to these animals through
generations. The St. Bernard, Great
Dane, Bloodhound, Bulldog and Alsa-
tian represent the larger breeds, such
types as the Maltese and Japanese
Spaniels, Pekingese, etc.,, which are
only a few inches high, representing
the ““ toy” Dogs.

Between these two extremes are
many varieties, some of which are the
real servants of Man. The Collie and its
near relation, the Welsh Sheep Dog,
show considerable intelligence, and
readily respond to training. Setters,
Pointers, Retrievers and Spaniels are
types trained especially for sport. The
smaller Terriers are perhaps the best
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known, and their value in destroying
vermin such as Rats, etc., their faith-
fulness and companionable nature
render them valuable assets to their
owners. In the wild state, Dogs hunt
in packs; even now a number of Dogs
together will do considerable harm to
a flock of Sheep.

The Fox

The Fox is the largest wild repre-
sentative of the Dog Family in this
country, Asaruleitlivesaloneina hole
in the ground known as an * Earth.”
Like all members of the Dog Family,
its sense of smell is wvery highly
developed. Its food consists entirely
of carrion; Rabbits, Hares, Rats,
Partridges and Birds of all descrip-
tions form the usual diet, but it also
pays periodical visits to farm-yards,
especially during hard weather. Its
teeth are very strong, and, like all the
Dogs, it tears the flesh to pieces. This
animal provides the English sport
known as Fox Hunting. Often the
chase lasts for several hours and gener-
ally results in a “ kill.” Keen competi-
tion exists among the Hunters to be
first in at the death, the Brush (tail) or
head being thereby secured. The Dogs
are trained to follow the Fox by
“scent,” and the hunt is arranged
on mnatural lines, the Dogs hunting
in packs,
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Cats

Cats are well-known pets, and hence
little attention will be paid to them.
The Wild Cat of the North of Scotland
is probably the type from which the
pussy of the fireside has evolved. As
with the Dog, carrion is the natural
food, but the domesticated Cat is quite
contented with milk and cooked meat.
Her wild instincts, however, show up
when a Mouse is near. The growling is,
no doubt, a relic of the wild state,
warning other Cats to keep away from
her legitimate prey. The eyes of the
Cat are extremely sensitive. When
dusk approaches, the pupils enlarge,
giving the animal keen sight even in
comparative darkness. The claws are
rctractile, or capable of being drawn
into a sheath—a feature absent from
Dogs. The tongue is rough, having on
it hard, sharp, pointed bodies which
give it the appearance of a rasp. When
seizing its prey, the sharp claws pene-
trate the flesh, the sharp front teeth
disabling or killing the victim by a
well-directed grip of the jaws. Cats
live alone and hunt alone. The pads
on the feet enable them to creep along
noiselessly ; they wait in some suitable
spot and suddenly spring upon their
victims,

Aniinals such as Rabbits, Rats,
Mice and Guinea Pigs are often kept
as pets, and further information will be
found in a later chapter.
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CHAPTER VIII
AGRICULTURE AND HORTICULTURE

HIS chapter is intended primar-

ily for teachers in rural schools.

The parts dealing with Soils and
Manure, however, should be found
useful by the teachers of Gardening.
In a later chapter dealing with the
School Garden, certain parts of this
section will be referred to.

Origins and Properties of Soils

Everything a farmer or agricultur-
ist has to deal with can be traced back
to two primary sources, the soil and the
atmosphere. Vegetable products such
as Potatoes, Grass and Wheat contain
no chemical elements which cannot also
be found in the soil or the air. Equally
true is the fact that animals and their
products—milk, butter, mutton, beef,
leather, etc.—are obtained as the result
of feeding animals on plant substances.

The Soil is the name given to the
earthy matter found on the surface
of the land, and is sometimes spoken
of as “mould,” “earth” or “dirt.”
It is nowhere of great depth and in
some places is very shallow. Underly-
ing the true soil is earth, or mould,
something like the material on the
surface but varying in colour and
texture. This is termed the subsoil,
and when exposed assumes the appear-
ance of the true soil—the agencies
effecting the change being the atmo-
sphere, moisture and temperature.

The teacher should not attempt to

trace the origin of soils to their source.
To take the present planet as a starting
point needs a good knowledge of
Geology and of Astronomy. Even
regarding soils as already existent, they
are of incalculable ages, and hence it
is advisable to keep the study within
practical limits. The materials which
now constitute the sedimentary rocks
bear evidence of having been repeatedly
reduced and again hardened into com-
pact masses. The present soils have
been brought about by the degradation
of previously existing rocks through the
action of running water, solutions
effected by moisture and carbon di-
oxide, glacial action, temperature, vege-
tation and in recent generations by
cultivation. Such forces, acting through
the ages and still acting, are responsible
for all soils.

That there are different kinds of
soils is a fact easily discovered; the
differences are visible to the eye when
portions are taken up and handled,
and when they are walked upon ; they
also show themselves by the kind of
vegetation which grows naturally upon
them.

Red soils may be seen in South
Shropshire, Herefordshire and Glouces-
tershire ; greyish soils in the Thames
Valley and in Kent; black soils in
North Shropshire, Staffordshire, Lin-
colnshire and in most cultivated gar-
dens ; yellow soils in parts of North-
umberland, etc.
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Much can be learned about a soil
by handling it ; a dry, loose soil passes
easily between the fingers. Even
moistening such a soil does not make it
cohere for any length of time. Other
soils, especially those of a clayey nature,
are so tenacious that they can be
moulded quite easily. When walking
on such a soil the tenacity is casily
seen by the amount which clings to the
boots. A sandy soil, when rubbed
between the fingers, gives a character-
istic *‘ gritty ” fecling, whereas a clayey,
or tenacious, soil fcels soapy and greasy.
The plants native to a soil always indi-
cate its character. Hcather, Bracken,
Larch, etc., are thie natural produce of
poor sandy soils which form the heaths
and moors. Oak trees flourish upon
heavy or clay soils {found in the
heart of Kent and in the Thames
Valley ; Cowslips also favour this type
of soil. The Beech and Yew may be
found on the chalky soils of the South
of England. Sedges, Sundews, Cotton
Grasses and Rushes are found growing
in localities where the land is wet or
marshy.

The foregoing are indications of
the observational work which can
be accomplished without the aid of
apparatus.

Going deeper into the subject, it
may be stated that, although soils
were formed by certain disintegrating
agencies, the latter were assisted by
transporting and mixing forces. Run-
ning water, for example, not only
wears away particles of rock in its
forward rush, but carries with it mineral
fragments of varying sizes. A sorting
of materials is also effected when lower
levels are reached, the larger particles
being left behind and the finer particles
carried forward until the stream be-
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comes sluggish, when they are laid
down in the form of mud.

The soil as we see it to-day is the
result of a long series of changes. Often
underneath the soils and subsoils,
rock surfaces very different in character
are to be found. In many of the Mid-
land Counties such as Gloucestershire,
Oxfordshire, etc., it is a stiff bluish
clay. In parts of South Staffordshire,
Worcestershire and Herefordshire a
red sandstone forms the underlying
strata. On the Downs, the Chilterns
and in parts of the counties of North-
umberland, Durham and Yorkshire,
the underlying rock is chalk. On either
side of the Pennines the stratum consists
of a hard limestone. In parts of North
Wales the underlying rocks are slate.
An ordinary geological map of the
country will indicate stratas of varying
types in other districts.

Some sois, by the colour and tex-
ture, are easily identified with the
underlying rock formation. These
are described as sedimentary, good
examples of which are found in the
Wiltshire Downs. Other surface soils
show no connection whatever with
the rocks beneath; these are known
as transported or erratic soils, and
are very common in the country.
Excellent examples of transported
soils are to be found in Norfolk
and Suffolk and in the border clay
of the Northern Counties.

The effect in bygone ages of moving
ice in the form of glaciers has no doubt
helped in the formation of transported
soil. As a glacicr flows along the sur-
face of the land it scratches grooves
and crushes the underlying rocks. In
its course also it carries with it the
material resulting from the destruction
of rocks, and this, after being taken
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some considerable distance, helps to
form a soil in a spot far removed from
its place of origin.

The mechanical action of water is
an important factor. Soils near the
mouths of rivers have been accumulated
almost entirely by the action of water.
Bordering the estuaries of the Thames,
Severn, Humber and several other
rivers, the soil, rightly called alluvial,
has been formed of the material
derived {rom the wear and tear of
rocks, etc., brought down by the river
water. Even the clearest stream
contains sediment, and this may be
seen if a glass of the water is allowed
to stand for a few hours, when the
bottom of the glass will show a deposit.
This sediment is carried in suspension
by the moving water, the amount
varying with the rapidity of the
stream.

Apart from the mechanical action
of moving water, there is also a chemical
action to be considered. Certain
constituents of rocks are soluble in
pure water; for example, rock salt,
gypsum and, to a lesser degree, silica.
Rain water, in falling through the
atmosphere, dissolves some of the car-
bonic acid gas or carbon dioxide, and
water thus changed is capable of dis-
solving certain substances which are
insoluble in pure water. The most
important substance acted upon by
rain water is carbonate of lime, and
this is the main constituent of lime-
stone, chalk and marble. Silica or
quartz is a common rock-forming
material ; it is hard and is only slightly
soluble in water containing carbon
dioxide. For this reason it is usually
found in comparatively large angular
fragments. Sand is composed almost
entirely of grains of quartz, which form
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also a large proportion of the mineral
matter in sandy soils.

The rock-forming materials which
give rise to silicates of alumina, are
known as felspars and are widely
distributed in rocks. TFelspars are
compounds of aluminium oxide com-
bined with soda, potash or lime. They
change easily when acted upon by air
and water: the quartz and harder
materials are set free, chemical changes
take place and ultimately as silicates
of alumina combined with soda, potash,
iron or lime they form the firmer
material of soil and become the chief
mineral constituents of clay.

Soil, therefore, may be considered as
‘rotted rock.” The subsoil also con-
sists of mineral fragments formed by
the disintegration of rocks, but the
changes through which it has passed
have not gone far enough for the
production of the true soil.

Rocks are composed of a large num-
ber of mineral substances consolidated
Into a compact mass. These masses may
have been formed from minerals, such
as granite and basalt—so-called Igne-
ous Rocks—which have cooled down
from a molten state. Others which
have been formed under water, such
as clays, sandstones, limestones and
rock salts, are called Aqueous Rocks.
The latter generally are stratified or
arranged in layers ; Igneous Rocks are
not. Aqueous Rocks often enclose the
remains of animals and plants in a
fossilised form and are granular in
texture. Igneous Rocks never contain
fossils and are, commonly, crystalline
in structure.

The conversion of rocks to soil under
the action of the weather—alterations
of temperature, frost and rain—is
assisted by chemical changes in some

¢
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of the minerals which dissolve in water,
so that the solid mass crumbles or
disintegrates. The products of this
action, or weathering, may either collect
on the surface of the rocks, or be carried
away by wind and water and eventually
deposited in some other place. The
weathering agents do not cease their
activity when a soil is formed. Usually,
on account of the loose condition of
soils, they are more easily acted upon
by frost, rain, oxygen and carbon di-
oxide,

Other agents, also, in the form of
plants and animals, work upon the
soil constituents. No sooner is a sur-
face of solid rock exposed to the air
than it becomes covered with a growth,
first of lichen, then of mosses and
finally of grass and shrubs.  This
irrepressible invasion of vegetation
removes the bizarre appearance of new
buildings in a few years; it is this
which gives their picturesque appear-
ance to old houses and ruins and
produces the rich and wvaried colour
and softness of outline of the hillsides.
Vegetation penetrates and derives
nourishment from almost any material.
Even glass becomes coated with green,
and Funaria soon changes the colour
of newly constructed walls, etc.

On the hillsides the early genera-
tion of plants is succeeded by others,
and gradually a soil is formed con-
sisting of partly organic and partly
inorganic matter, until a higher class
of vegetation becomes possible. Vege-
tation is assisted by atmospheric
changes until finally the continuity of
the rock gives way and a thin soil is
produced.

Soils as we know them to-day are
the net result of atmospheric and
chemical changes together with the
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action of vegetation through unlimited
time.

Composition of Soils

The origin and formation of soils
leads up to the consideration of their
composition. From the agricultural
and horticultural point of view, the
solid bulk of the soil may be considered
as consisting mainly of four kinds of
matter, silica (sand), silicates of alu-
mina (clay), chalk, which is derived from
calcareous rocks such as limestone,
and humus. The latter consists chiefly
of dccayed and decaying vegetable
matter mixed with a greater or less
proportion of animal substance. If
the superficial layer of dead leaves,
etc., is removed from beneath trees
in a wood, the material found under-
neath gives a good idea of the mean-
ing of the term. Year by year the
leaves fall and slowly decay, giving rise
to a dark “ mould " consisting of the
organic matter derived from leaves of
previous ycars together with pieces of
twigs and roots, and often the remains
of animals. These substances form
complex chemical compounds contain-
ing carbon, hydrogen, oxygen and
nitrogen, and represent various stages
in the decomposition of animal and
vegetable tissue. Each successive year
fresh organic materials are added,
the processes of decomposition are
continually going on, and hence the
term humus is used to describe the
variable mixture thus produced.

Various names are applied to soils
which contain a large proportion of
one or other of the four minerals
mentioned. Therefore, if the propor-
tion of sand, as compared with clay,
is high, such are described as sands
or sandy sous; in clays and clayey
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soils the percentage of silicate of
alumina is high. Soils of an inter-
mediate type are termed loams, and the
names ‘‘clayey loams’ or ‘ sandy
loams ”’ are used as the proportion of
sand or clay increases. When chalk
forms a large proportion of the soil
(over 10 per cent.), it is described as
*“ calcareous soil.” Should a clayey
soil contain alarge percentage of chalk,
it is called “ marl.” Similarly when a
soil contains a large proportion of
humus, it is described as an ‘‘organic
soil.” Such soils are rare, those of this
nature being described as ‘“ peat” or
“ fen.”

Other chemical elements present in
soils are potash, soda, oxide of iron,
magnesia, phosphoric acid, sulphuric
acid and chlorine. These substances
are seldom found in the free state, but
form oxides or compounds of oxygen
with some other element. Potash, soda
and magnesia are compounds of oxygen
with the elements potassium, sodium
and magnesium respectively. Phos-
phoric and sulphuric acid contain
phosphorus and sulphur in combina-
tion with oxygen and hydrogen. Oxides
of iron vary very much in colour, and
although they do not occur in the
soils in large quantities, the red and
yellow sands and clays owe their
colour to the hues of the oxides present.
Carbonates of lime and magnesia occur
in many soils; phosphates and sul-
phates are also generally present.

The soil should not be considered
as an inert mass consisting of varying
amounts of the four kinds of matter.
It is the scene of endless changes
brought about, not only by chemical
action but by living organisms. The
Earthworms and Moles are very im-
portant and active agents in the

MODERN TEACHING

soil, and nitrifying bacteria, fungi
and alge (lowly forms of vegetable
life) assist in preparing the food of
higher plants. The study of these
lowly organisms has of recent years
greatly assisted the agriculturist. It
has shown that when Squitch, hedge-
clippings, etc., have been burned on
the ficlds, not only do the ashes help
fertility, but also the heat destroys the
harmful organisms such as protozoa,
and ultimately increases the growth
of the useful bacteria.

The substances most useful to plant
life are nitrogen, phosphoric acid, pot-
ash and lime. Soils often Dbecome
deficient in one or other of these, and
the cultivator should know how to
make up the loss,

Farm yard Manure

Nitrogen is derived from the decay
of organic matter in the soil, in addition
to which small quantities are brought
down by the rain. Farm-yard manure
contains a large amount of nitrogenous
matter and the addition of this matenal
to the soil may be considered the chief
method of restoring lost or used nitro-
gen. Farm-yard manure consists of
the remains of vegetable matter either
in the form of litter or of food residue.
It is usually a mixture of animal
excrements with straw, or other mate-
rial supplied as litter, in varying propor-
tions, the latter being saturated with
urine.

Such manure contains all the con-
stituents which the land requires
for the nourishment of plants. The
inorganic materials present are potash,
soda, magnesia, lime, oxide of iron,
silica, chlorine, phosphoric and carbonic
acids, all of which are found in plant
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ash. Organic constituents are repre-
sented by various nitrogenous com-
pounds which give rise to ammonia
and humic acids ; from the latter, when
acted upon by bacteria (nitrification),
nitrogen is supplied to growing crops.
Hence the complexity of its composi-
tion helps to render farm-yard manure
a perfect as well as a general manure.

The most valuable constituents of
the manure are those contained in the
urine of live stock. Straw or other
litter absorbs the liquid, though some
of it may drain away. Further loss may
occur through fermentation, and espe-
cially if a dark-brown liquid is allowed
to escape from the mass. This liquid
contains not only the constituents of
urine, but valuable portions of the
more solid excretion which has become
soluble.

Modern farmers recognise the value
of covered yards for the winter feeding
of cattle. In such covered yards the
manure can accumulate to a consider-
able depth and become of uniform
texture and quality. The gutters are
so arranged that the liquid flows into
a tank, from which it can be used
when required ; further, fermentation
is diminished to a great extent. When
manures are allowed to lie “open,”” oxid-
ation of the excretion rapidly takes
place, resulting in the loss of valuable
plant food in the form of a volatile
gas, *‘ carbonate of ammonia.”

Dryness is also a reason for loss ; in
this case free nitrogen often passes from
the mass. Hence, to keep the valuable
contents of farm-yard manure until
such can be applied to the fields,
compression and moistening of the
heap are advisable. Often the liquid
collected in tanks is pumped back
again on to the accumulating mass of

Iv—10
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manure in covered yards in order to
prevent the wasteful effects of fermenta-
tion. A well-kept farm-yard manure
is of great value. When applied to the
soil, the nitrogen in the liquid excretion
of animals becomes the first plant food.
The residue slowly becomes available,
the finely divided matter of the more
solid excreta first, then the constituents
of the straw provide valuable soluble
salts which the roots can absorb.

The physical effect of farm-yard
manure is also important. When fresh
manure is applied to clayey coils, it
helps to break down the cohesive
nature of the particles ; the fresh straw
and litter provide air channels, thus
promoting oxidation in the lower re-
cesses of the soil. The fresher the
condition of the manure, the less
available are the food contents. Clayey
soils are well adapted to retain such
materials until the chemical and bac-
terial actions have taken place.

Well-rotted manure in which the con-
stituents are more or less available
should be applied to sandy and loamy
soils. Spring is the best season to
manure such types of soils, for as the
plant foods become readily available,
they can be taken up by the growing
crops. If applied in the winter, most of
the nutrient ingredients will be washed
out and carricd away in the drainage
water, long before the crops are ready
to make use of them.

The amount of farm-yard manure
produced even on a well-managed
large farm is insufficient to supply the
needs of the arable and pasture land.
Many farmers overcome the difficulty
by a rotation of crops. The study of
crops in their relation to the soil has
resulted in a four-year system of
cropping. Previous to the introduction
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of the four-course system, several types
of rotation were in vogue. Wheat and
Beans were grown alternate years;
this was a two-year system. Again,
Wheat and Beans were grown, followed
by a fallow year; a three-year
system,

Some years no manure appears
necessary, especially after a root crop
has been fed upon the land by Sheep,
or possibly after Beans or Clover, which
leave the land rich in nitrogen.

In the four-course, or Norfolk Rota-
tion, it is found that the land is in
its greatest stage of exhaustion after
Wheat. For this reason a heavy
dressing of manure, at the rate of 12
to 20 tons per acre, is applied for the
next crop of roots; the latter may be
considered as starting a new rotation.
The second crop in the four-course
system would be either Oats or Barley,
Clover and Grass seeds being sown at
the same time ; if the roots are eaten
on the land, the ‘ droppings” from
the Sheep will replace the loss and no
further addition is required. The third
year’'s crop will be Clover, followed
in the fourth year by Wheat. When
possible it is advisable to manure at
the end of the third year, that is,
before the land is prepared for the
Wheat crop.

Modifications of the Norfolk system
are often found; a five-course system
is made by leaving the Grass and
Clover for a second year. Sometimes
an additional Corn crop follows Wheat,
the five courses being Roots, Barley,
Clover, Wheat and Oats. The four-
course system is still the guiding
principle in farming, but modifications
are made to meet the needs of parti-
cular districts. When variety is intro-
duced in cropping, the four-year system
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may be extended to cover a number
of years ; for example, Turnips, Barley,
Clover, Wheat ; Carrots, Wheat, Pota-
toes, Wheat ; Cabbage, Wheat, Clover,
Mangolds.

The eight course, or Wiltshire sys-
tem, is useful in counties in the South.
In this case, Catch Crops such as
Vetches, etc., are introduced before
the root crops, and thus, in many cases,
two crops are produced in the same
year. Such a system is only workable
in Sheep-rearing areas. It enables
farmers, especially in Hampshire and
Wiltshire, to keep large flocks of Sheep
and, by feeding them on Catch Crops,
etc., to enrich the soil at the same
time.

Artificial manures are now largely
used to make up for the insufficiency
of farm-yard manure and to replace
the essentials, such as nitrogen, phos-
phoric acid and potash. Such manures
have the advantage of presenting a
large amount of fertilising material in
a small bulk. Many of them contain
only one of the valuable ingredients
and are then spoken of as nitrogenous,
phosphatic or potash manure as the
case may be.

Nitrogenous Manures

The manures under this name are
usually nitrate of soda, sulphate of
ammonia, nitrate of lime, nitrolin or
calcium cyanamide, nitrate of am-
monia, blood meal, rape dust and
shoddy. It is essential that such man-
ures should be applied to the land in
finely ground condition. Sulphate of
ammonia and nitrate of soda are apt
to become caked, and lumps which will
not pass through a }-in. sieve are
harmful to growing crops.
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Phosphatic Manures

The chief source of phosphatic man-
ures is superphosphates and basic
slag. Steamed bone flour may be
regarded as a phosphatic manure,
although it contains a small amount
of nitrogen. Bone meal, made from
ground bones, free from grease, con-
tains approximately 50 per cent. of
phosphates and about 4 per cent. of
nitrogen. Such manure is valuable for
fruit-growing. The meal contains par-
ticles of bone about } in. or more in
size, from which the phosphates become
available very slowly. Fish meal and
guano are often used ; like bone meal,
such manures contain a certain amount
of nitrogen in addition to their phos-
phatic contents.

Potash Manures

Sulphate and muriate of potash are
the usual sources of supply. Kainit,
of which two types are imported, con-
tains a large proportion of common
salt and is useful on land where salt
and potash are required.

Lime

This material is often spoken of as
a manure; strictly spcaking this is
incorrect, although it is an essential
plant food. Lime has several direct
uses, all of which are of value to the
farmer and gardener. In the first
place it improves the nature and
drainage of clay or heavy soils, making
them more open and friable. Reserves
of nitrogenous material in the soil are
acted upon and made available to the
growing crops. It is of great value
in checking the disease known as Club
Root. Most crops respond to liming,
especially leguminous and root crops,
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but for Potatoes, Rye and Oats it
should not be applied at the time of
planting.

Manures for Special Crops .

There is room for the exercise of
considerable skill in the application of
artificial manures. A knowledge of the
requirements of various crops, as well
as the properties of the manures them-
selves, is essential. In this respect,
much experimental work can be car-
ried out in country schools. It must be
remembered that artificial manures are
applied not to enrich the ground, but
to feed the crops. When the needs of
particular crops are known, the time
and the method of applying the fer-
tiliser become deciding factors. For
example, nitrate of soda becomes a
plant food when applied to the soil.
Hence this manure and those of a
soluble and rapidly acting nature should
be applicd in the spring. Bones, basic
slag, guano, etc.,, are slow-acting
fertilisers and may safely be applied
to the land in the autumn,

Wheat occupies the land for a long
time ; for this crop it is usual to apply
superphosphates at the rate of 2 cwt.
per acre at the time of sowing in
autumn. As a top dressing in spring,
nitrate of soda, applied at the rate of
1 to 1§ cwt. per acre, is beneficial.

Barley and Oats should receive a
dressing of superphosphates on a soil
rich in lime; a phosphatic guano or
bone meal on soils deficient in lime
at the time of sowing. A top dressing
of nitrate is unnecessary in the case of
Barley, but is often useful for Oats.

Turnips and Swedes respond to a top
dressing of phosphates. In districts
aficcted by the Turnip Fly, it is
advisable to apply phosphates. Man-
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golds do not usually respond to phos-
phatic manures.

Basic slag is, perhaps, the most
beneficial on land poor in lime, but
when the land has received a good
dressing of farm-yard manure, no
artificials are needed.

In districts near the sea, Seaweeds
such as Fucus, Ulva, Laminaria, etc.,
are used in addition to farm-yard
manure. Most of these plants decay
rapidly in the soil, rendering available
the nitrogenous contents. The author-
ities on the subject recommend an
addition of superphosphates or basic
slag, since the phosphatic content is
about half that of farm-yard manure.

For the gardener, other natural
manures are available, Poultry and
Pigeon manure containing a large per-
centage of nitrogen and, in smaller
amounts, phosphates and potash. The
nitrogenous content is in an easily
fermentable form and care must be
taken to prevent loss. From the Fowl
pens and coops the manure should be
removed and stored in a dry shed, a
layer of dry soil alternating with a
layer of manure. The heap should be
turned occasionally until the whole of
the mixture is dry and friable. In this
form it can be used as a top dressing
for any growing crop at the rate of six
to eight ounces per square yard ; fresh
manure should not be used. Owing to
its rapid evolution of ammonia it is
harmful to young roots—the rule-of-
thumb gardener speaks of “ burning.”

To make the ““ dry " manure of some
value, artificial manure can be added.
For Potatoes, muriate of potash at the
rate of 1} ounces to 6 ounces of
Poultry manure. As an addition for
Turnips, Onions and Celery, phosphates
are useful, mixed up with the earth-
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dry manure, 5 1b. of the latter to 1 Ib.
superphosphate or basic slag.

When a liquid manure is required,
14 1b. of Poultry dung, placed in forty
gallons of water and allowed to stand
for 48 hours, will supply the need.
For fruit and the vegetable crops, this
should be applied at the rate of 2
gallons per square yard.

Green Manuring

On clay soils it is advisable to grow
and dig in Catch Crops such as Vetches,
Rape or White Mustard. This process
not only supplies the organic matter
necessary, but helps considerably in
breaking up the heavy nature of such.

The same process with light soils is
an advantage ; the decaying vegetable
matter has a tendency to render such
soils more retentive.

Cabbage lcaves, stems, lawn clip-
pings, fallen leaves, in fact any green
matter, should be buried in order to
enrich the organic matter.

Soot

This is also of value as a manure
and as a soil improver. After being
stored for at least a month in a dry
shed, it can be used instead of sulphate
of ammonia at the rate of g lb. per rod.
Its nitrogenous content becomes avail-
able slowly, and hence it should be
applied some time before sowing or
planting.

Ashes

Ashes from the burning of waste
vegetable matter, hedge clippings, etc.,
should be stored in a dry shed until
required. The potash content is in an
available form, and hence for Carrots,
Onions, Potatoes, Parsnips, etc., a top
dressing of 2 Ib. per rod is of value.
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Cultivation

Both the farmer and gardener apply
the same principles to the art of culti-
vation. The spade and the plough turn
the upper layer of the soil over; the
cultivator and fork break up the large
lumps of earth and remove weeds;
the harrow and rake reduce the sur-
face of the soil to a degree of finencss
—the tilth. The sowing of sceds is
carried on in one case by hand and in
the other by the aid of machines.
What the farmer does on a large scale,
assisted by animals and machines, the
gardener does almost entirely by the
use of small tools and his hands.
The deep digging or double digging of
the gardener has, to a certain extent,
its counterpart in the deep ploughing
and ‘' cultivating” of the farmer.
Manuring and rotation of crops are
similarly treated by both, but the
gardener restricts his activity to the
production of food for Man, while the
farmer produces food for animals and
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also food for the community at large.
In a garden the aim is to produce as
much as possible in a limited space ;
a more intensive system is the result.

In country schools much useful
work can be done if the types of farm
animals are dealt with in outline. The
various breeds of Horses, Cattle, Sheep,
Pigs, etc., should receive consideration,
together with the main features of
Poultry-rearing.  Unfortunately the
present volume is limited in size, and
much information on these points is
necessarily omitted. Useful details can
be obtained from the Journal of Agri-
culture published monthly by the Min-
istry of Agriculture and Fisheries, and
in this periodical the teacher should
find the most up-to-date information.
In the succeeding chapter on the
School Garden, information will be
given on the most common diseases and
pests of cultivated plants, and it is
hoped this will be found useful to teach-
ers in country districts as well as to
the teachers of gardening.

CHAPTER IX

SCHOOL GARDENS

Aim of School Gardening

ROM many points of view garden-

ing may be considered as a

practical subject. Apart from
the growing of vegetables, or the purely
theoretical side, the subject is closely
allied with Practical Arithmetic and
Elementary Science. The time spent
on this subject is insufficient to make
gardeners of the scholars, and such is
not the aim, but, if properly taught,
the principles underlying common

gardening practice should be incul-
cated.

Further, School Gardening is an
extension or practical application
of Nature Study, and should develop
the ‘“ seeing eye,” the * understand-
ing heart ”’ and encourage the scholars
to look upon Nature as an ally in their
endeavour to cultivate plants. Again,
gardening is a subject which fosters a
sense of the beautiful, makes the
scholurs self-reliant, neat and tidy,
and gives scope for gaining knowledge
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through observation and activity which
no class teaching could render so
valuably. The purely economic aspect
should not be overlooked. Skill in the
use of tools, the amount of seed re-
quired for a certain area, the time of
planting and the right methods are
valuable assets to anyone, and especi-
ally to those who, in time, may possess
gardens and allotments of their own.

The gardening scheme should be
continuous throughout the year. Out-
door work is generally possible, and
through the winter many operations
essential to good cultivation can be
carried out. The general lay-out of
the garden may need a slight alteration,
the paths renovated, hedges cleaned,
etc., and, when the weather is mild,
bastard trenching or double digging
and manuring can be carricd out
When outdoor work is impossible,
lessons on gencral principles can be
given and a Winter Scheme in use at
the present time is appended.

The teacher should be a member
of the ordinary staff whenever possible.
However capable and well-qualified a
visiting teacher may be, the work is
not so effective, nor does it arouse such
keen interest as when taken as an
integral part of the curriculum. Cor-
relation with other subjects is extremely
useful and can, of course, be carried
out best by the class teacher who not
only knows his scholars, but is able to
link up the practical work in the garden
with theoretical work in the classroom.
Many visiting instructors are excellent
practical men, yet from the point of
view of discipline, correlation of school
subjects, and value of the garden to the
scholars in general, the class teacher
with a fair knowledge of gardening,
is much to be preferred.

MODERN TEACHING

Should there be no member of a
staff capable and desirous of taking
gardening, then the subject should
not be included in the curriculum.
Some authorities, however, employ
visiting Instructors; it is advisable
in this case for the class teacher
to be present during the period of
instruction and thus form a link
between the classroom and garden.

Where possible the school garden
should be within easy distance of the
school. The practice in many country
districts is to apportion a part of the
Head Teacher’s garden for this purpose;
in others to extend the playground to
meet the requirements. In many
towns, allotments are obtained, and,
when these are within five minutes’
walk of the school, they suit the
purpose admirably.

Land Required

At least two rods of land should be
allowed for each scholar, that is a
28-rod garden will allow for a class of
14 scholars, one rod each and sufficient
land for a demonstration plot, nursery
beds, fruit and flower border, space for
tool shed and manure heaps, etc. For
a class of 20 scholars, 1,200 square
yards arc essential, 4 allotments of 5
rods eacli. In many counties, areas are
given special names; for instance, in
parts of Staffordshire and Shropshire,
a rood is b4 square yards or an 8-yards
run,

Tools (Fig. 57)

This is rather a vexed question from
the teacher’s point of view. The supply
is often limited and has to be supple-
mented by tools brought by the chil-
dren. The minimum for effective work
should consist of half as many spades,
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TOOLS FOR THE SCHOOL GARDEN.

A “ set of tools " as represented should be provided for every two boys of a gardening glass with the excep-
tion of those numbered 1, 2, 3 and 4. Of these, one of euch is sufficient for each class. A watering-can is
often considered egsential—the Dutch Hoe is far more valuable.
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forks, Dutch hoes, draw hoes (swan-
neck type), rakes, dibbers, garden lines,
trowels, hand forks and measuring
sticks a yard long marked off in inches,
as there are members in the class. If
a Woodwork class is also run in con-
nection with the school, the dibbers,
line holders and measuring sticks might
be obtained from this centre. A wheel-
barrow, water-can, syringe, sécateurs,
pruning knife and budding knife are
also necessary. If possible, a small
cold frame should form part of the
equipment. A shed large enough to
accommodate all the tools, wheel-
barrow, etc., is essential, and this
should, whenever possible, be erected
on the garden site.

General Lay-out of Gardens

Much can be said for either of the
types of School Gardens as arranged
at the present time. The “ Single,”
“Dual”” and “ Common ” Plot Sys-
tems have their advantages and dis-
advantages. From experience the dual
plot is, perhaps, the best for the less-
experienced teachers. Under this sys-
tem the boys should have two years
in the class and then each plot can be
in charge of a senior and junior boy.
The Single Plot system, each boy
having charge of at least one rod of
garden, is excellent in many respects,
but it is not advisable to attempt this
systemn unless the scholars have some
slight knowledge of garden operations.
With the Common Plot system, the
garden can be worked onmodel lines. In
country districts it may well take the
form of a cottage garden, and in towns
a model allotment is worth attempting.

Where land is obtainable and two
classes can be taken, ideal conditions
for School Gardens and for practical

MODERN TEACHING

and moral training present themselves,
The one part of the garden should be
worked on the Common Plot system
by juniors or first-year scholars, the
remaining part, arranged in single
plots, to be cultivated by senior or
second-year scholars. Such an arrange-
ment is very effective, and rivalry of
a friendly nature shows itself during
the second year, the best efforts of the
boys being put forward in keeping
their gardens spick and span. The above
method was instituted some six years
back by the writer ; 2,000 square yards
of land were utilised, and up to the
present time there has been no necessity
to modify the scheme.

There is no reason why a modifica-
tion of one or other of the schemes
should not be adapted to meet the
nceds of a particular district.

At the present time the writer has
the following in operation. The school
of 360 boys, in an industrial area, can at
present only hold one gardening class,
and hence the scholars are changed
each year. Three allotments, each 320
square yards in area, are being used.
One is being cultivated as a model
allotment, and is in charge of eight
boys. The other two are cut up into
fourteen plots, twelve of which are used
as single plots for boys, one as a nursery
bed and the other as a demonstration
section. Running between the two
gardens is a flower border, each boy
having his own section to look after.
The Common Plot is used for ex-
periments with manures, these being
worked in conjunction with the ordinary
cropping arrangements.

The Teacher of Gardening

Before dealing with the methods
employed in teaching the art of culti-
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vation, a word of warning is necessary.
The teacher must bear in mind that
he is training boys in the right use of
tools and the correct method of sowing
and planting, raising plants in the cold
frame, etc. Many errors will be made,
but often such mistakes are more
valuable than hours of instruction.

For example, when getting out a
trench for small seeds, the line slips and
is neglected by an unthinking boy ; the
result of his neglect is apparent when
the plants are above ground. In plant-
ing Potatoes, failure to mark the correct
distance between the rows results in a
difficulty when the time comes for
earthing up.

The teacher of gardening, in an
attempt to obviate untidiness, which
he knows will occur, often does the
work himself ; this practice is not
commendable. The Demonstration
Plot is the teacher’s domain, and if
full use is made of it for practice by the
boys, the errors made will be of a slight
nature only. Teachers often do too
much of the practical work themselves,
mainly because they know that Inspec-
tors and County Instructors are critical.

However, if Gardening is worth
taking as a school subject, then, like
all other subjects, perfection cannot be
obtained with only two hours each week
available. Moreover, the technicalskill
of a gardener is the result of years of
experience, and this should be taken
into consideration when dealing with
the practical work of the boys. If
proper use is made of the Demonstra-
tion Plot by teacher and scholars,
and the teacher insists on the right
use of tools, and sees all drills and
trenches before seeds are sown, the
gardens will present a satisfactory ap-
pearance to any reasonable Inspector.
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Gardening Operations

From the foregoing remarks, it may
be thought that the teacher of garden-
ing needs several pairs of hands and
eyes. This is, however, not the case ;
his method of tackling the work is the
essential and dominating factor. Many
of the operations necessary can be
taught during the Winter, and for this
rcason new Gardening Classes should
begin in November. At this period
the gardens will be clear of produce,
except for the Winter greens, and a
start can be made with Digging, Double
Digging, Bastard Trenching and Full
Trenching. This work provides ample
opportunity for the teacher to demon-
strate the correct method of using the
spade and fork.

Digging

This operation is, perhaps, the easiest
to perform, and is often the only one
carried out by allotment holders. In
all operations with the spade the object
is to displace the soil. A trench should
be made, one spit or one spade in depth,
and 2 ft. in width, across one end
of the plot or garden, the soil being
removed by the aid of the wheelbarrow
to the other end, or the plot should
be divided longitudinally, the removed
soil being placed on the path opposite
to the other half of the plot. In the
trench thus formed, weeds, grass,
cabbage leaves, grass clippings or
manure can be placed, spread evenly
over the surface, care being taken
that no Couch Grass, Coltsfoot or Creep-
ing Crowfoot is included. The soil from
a similar width of the garden can be
used to fill up the first trench, its
removal forming a second trench one
spit deep. These operations are con-
tinuous until the whole of the ground
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has been dug, the last trench being
filled in with the soil removed in the
first place from the opposite side or
end of the plot.

In this operation it is imperative
that the spade is properly used. The
blade should be inserted in the ground
to its full depth at an angle not greater
than 60°. Boys are apt to attempt to
remove too much soil at a time, a spit
8 in. deep by 3 in. wide is quite suffi-
cient for the average boy of twelve
years. For beginners, it is advisable
to run a line across the plot, marking
the amount to be removed. By first
pressing downwards, a spadeful of soil
can be lifted, and, on being thrown
forward, should be completely turned
over. When this is done, the soil is
more evenly turned and the fully dug
plot should present a fairly level
appearance.

Double Digging (Fig. 58)
This type of work necessarily takes
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up more time, but is more effective
than digging. The garden, or plot,
should be divided longitudinally into
two equal parts ; a trench 1 yard wide
should be made, the soil being removed
to a depth of 8 in. and wheeled to the
opposite side of the plot. The bottom
of the trench should be forked to a
depth of 8 in., leaving this in a rough
condition. After forking, leaves, grass
and ephemeral weeds can be placed
in the trench, and then the soil from
the second yard of ground thrown
on the top. These operations are con-
tinued throughout the plot, the last
trench being filled up with the soil

previously removed from the first.
Double digging is the most suitable
treatment for maiden land, or when
grass land is being converted to a gar-
den. In the latter case the turf should
be removed, followed by the first 8 in.
of soil. The bottom of the trench should
be forked or broken up with a mattock
or pick. The turf from the second
section should be cut
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up and placed face
downward in the trench,
the soil thrown over
and the second trench
thus formed, treated in
the same manner as the
first. Similar opera-
tions should be carried
out until the whole plot
has been dug, the last
trench being filled in
with the turf and soil
removed at the begin-
ning of the operations.

DOUBLE DIGGING.
This is a simple yet eflective gardening operation,

case i3 broken up, thus allowing the oxygen of the air to act on the soil

particles,

Bastard or False
Trenching (Fig. 59)
In the operation of

Double Digging, it will

The subsoil in this
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be noticed that the
subsoil, although dis-
turbed, remains in situ,
the position of the top
soil being changed.
Bastard Trenching
should be carried out
on land only when the
subsoil has been dis-
turbed by Double Dig-
ging, for in this type
of cultivation the posi-
tion of both soil and
subsoil is changed.

A trench sunilar to

Diacaam luwsrrarine

BASTARD TRENCHING

that recommended for
Double Digging should
be formed (Scction 1,
I'ig. 59), the soil being
placed in a convenient
position on the opposite side of the
plot (Fig. 50a). From the second yard
of the plot (Section 2, Fig. 59) the top
spit should also be removed and placed
near that removed {rom the first section
(Fig. 59b). The subsoil from Section 1
should be removed to 8 in., the material
being placed in a third heap as shown
in Fig. 59c. The third spit of Section 1
should then be broken up with either
a mattock, pick or fork. The second
spit from Section 2 {the subsoil) should
then be thrown on to the third spit of
Section 1 and the top spit of Section 3
by means of the spade placed also on
the top of Section 1.

This operation leaves Section 1 com-
plete, Section 2 with the top soil and
subsoil removed, Section 3 with the
top soil removed. When the bottom
spit of Section 2 has been broken up,
the subsoil from Section 3 is placed
on the top, the operation being com-
pleted by removing the top spit from
Section 4. The work is carried on in a

BASTARD TRENCHING.

Bastard Trenching is a most dificult operation to carry out success-
fully, Care must be taken to ensure that the subsoil 1s not brought to

the surface,

similar manner throughout the plot,
the last trench but one being filled in
with the soil from the second section, the
last trench receiving the subsoil and soil
which were removed from Section 1.

Some writers recommend a trench
2 ft. wide for Bastard Trenching. After
twenty years’ experience in the teach-
ing of gardening, the writer is of the
opinion, without hesitation, that the
yard trench is preferable. Care must
be taken in removing the soil from
Section 3 to Section 1, but if a boy is
taught to remove a spit of soil commen-
surate with his strength, no difficulty
will be experienced. The smaller trench
is quite sufficient for experienced gar-
deners, but for effective work with boys
working together space is required,
and the larger space lessens the risk
of danger to their partners.

True or Full Trenching (Fig. 60)

The gardening operations which
come under this heading should only
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be carried out on gardens which have
been thoroughly cultivated and those
which have been Bastard Trenched on
several occasions. In this case the
positions of the soil and subsoil are
reversed, the subsoil becoming the
upper layer. As in Bastard Trenching,
the soil and subsoil are removed from
a section of the plot 1 yard wide.
The bottom of the section is broken
up with a fork or, when the third spit
is very hard or clayey, the use of a
mattock is perhaps advisable. On
heavy soils, vegetable refuse should be
mixed up with the bottom layer to
assist drainage. When this has been
done the top spit of Section 2 is re-
moved to Section 1, the subsoil of
Section 2 becoming the top layer of
Section I.

It is often advisable, especially when
cultivating the Common Plot, to divide
the whole into four parts, five boys
(three with spades and two with forks)
being responsible for a section. The
garden should also be divided longi-
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tudinally, and in this case the sections
can be worked in opposite directions.
Fig. 61 represents a Common Plot
divided as suggested.

For Double Digging, Bastard and
Full Trenching, Sections 2 and 4, re-
move the soil from the first trench (A)
of the respective plots and place same
in Sections 16 and 35. When the first
trench has been completed, Sections 1
and 3, commence operations, removing
the soil from their respective trenches
to Sections 2a and 4a. Sections 1
and 3 will work from north to south,
the other two dtvisions working in the
opposite direction. It is obvious that
certain boys are waiting to start
operations for some time. During this
time, other work can be attended to,
such as the cleaning of paths, forking
between fruit trees or clearing the plot
of weeds.

Drainage

Heavy soils are sometimes more or
less waterlogged. Deep cultivation,
such as Bastard Trench-
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ing, will do much to
remove this defect.
With School Gardens,
this is, perhaps, the

only method of dealing
with the problem, for
land drainage is rather
an expensive process.

Beneficial results are

[
_-i/’ ," obtained if the paths
A s are constructed to act

, as drains, and, where
necessary, the work
can be carried out in
Winter. The soil form-

FULL TRENCHING,

Full Trenching should not be attempted until the condition of the
subsoil has been improved by Bastard Trenching.

ing the paths should
be removed to form a
trench 3 ft. deep by
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1 ft. wide. In the bottom stones,
brick ends, builders’ rubbish, ashes,
tin cams, etc., should be thrown to a
depth of 6 in., this rubble being covered
with ashes and then with the original
soil. Where this is done the paths will
be comparatively dry throughout the
year, and when Bastard Trenching and
path draining are in operation, the
heavy nature of the land is greatly
improved.

Ridging

On very heavy soils it is often very
difficult to get surface water away
unless special methods are adopted.
With such soils, Bastard Trenching
should be carried out, and early in
winter the land should be * ridged.”
This process is similar to the *“ earthing
up " of Potatoes, and the Draw Hoc or,
better still, the Cambridge Hoe can
be used for the purpose. The soil
should be faid up to form ridges and
furrows, the distance from the crown
of one ridge to that of the next being
approximately 3 ft. Such an arrange-
ment not only assists in getting nd
of surface water but presents i greater

surface for the beneficial action of
frost,

Surface Cullivation

However efficicntly the digging or
trenching has been done, much more
work is necessary in spring in order
to prepare the soil for the reception
of.seeds. As soon as the weather per-
mits, the whele of the plots should be
fOfked over and the larger lumps of
§01¥ broken down. When the surface
IS In a dry and {riable condition, the
rakes can be brought into use to secure
a level surface of fine soil. Raking to
Produce a good “ tilth " is a difficult
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THE COMMON PLOT.

The illustration shows a convenient method of
dividing the plot for the winter work—diggng or
trenching,

operation and the Demonstration Plot
should be utilised for practice purposes.
The greatest difficulty 1s experienced
by boys in keeping the soil on the plot,
and at the same time obtaining an even
surface,

Rotation of Crops

Although gardens must, to a great ex-
tent, show the personality and also the
ability of the tcacher, certain general
principles can now be given. Even with
a rich soil it is necessary to have a
rotation of crops, and the following is
an arrangement which experience has
proved to be of value.

The garden, or plot, should be divided
into four sections. In the first division
Potatoes, Peas and Beans should be
planted ; Section 2 should be reserved
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for green crops such as Cabbages,
Brussels Sprouts, Broccoli, Cauliflower,
etc.; Section 3, for Beet, Carrots, Par-
snips, Radishes, etc., and the fourth
section for Onions, Lecks, Turnips
and Celery. (N.B.—The cultivation of
Celery on Single or Dual Plots is not
recommended.) The basis of the fore-
going rotation is the food mainly re-
quired by the various plants. Those
in Section 1 require phosphates and
potash. The green plants are greedy
feeders and utilise a large amount of
nitrogen and phosphates. Section 3
contains the tap-rooted vegetables,
which require chiefly nitrogen and pot-
ash ; those in the fourth group require
potash, nitrogen and phosphates in
more or less equal proportions.

By using a rotation such as that
indicated, the constituents will be kept
in a well-balanced condition. The
vegetables are so arranged that each
group of plants makes a somewhat
different demand on the soil and leaves
it in a better condition for the next
crop. For example, the roots of Pecas
and Beans, when left in the soil, enrich
the nitrogen content. The following
crop, members of the Cabbage family,
require a large amount of nitrogen ;
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the third crop requires potash; very
little of this constituent is required
by the previous crop.

Again, if farm-yard manure is only
obtainable in small quantities, this
should be used for the crops in Sec-
tion 1, and applied during trenching
between the first and second layer.
Artificial manure can then be used for
the other sections, supplying the crops
with the special foods they require.
In such a system, farm-yard manure is
applied to the whole of the garden
once in four years, and, with proper
cultivation, this is sufficient. Lime is
often necessary, and hence, before the
planting in the second year, unslaked
lime should be applied to Section 1
at the rate of 6 to 10 oz. per square
yard.

Cultivation

It is impossible, in this volume, to
give details of the methods employed in
cultivation of individual vegetables.
With correct cultivation of soll and a
recasonable system of rotation and
manuring, the following table will
provide the details necessary for suc-
cessful efforts

Time of Planting.

Distance.

Depth in Soil.

R ded Varieties.
Between

Apart. Rows.

Beaus, Broad .] Feb.or March | 24 to 3 in.

Beans, French 2 to 24 in.
Beans, Kidney

3in.

Peas 1} to 2 in.

Bunyard’s Exhibition,
Green Windsor, Har-
hngton Windsor.

Canadian Wonder, Ne
Plus Ultra, Negro
Longpodded.

Scarlet Emperor,
Painted Lady, The
Czar,

The Sherwood (1} ft.).

The Daisy, The Pilot,
Duke of Albany (4%
ft.), Ne Plus Ultra,
Veitch's Perfection.

10 in, 3 ft.

12 in. 2 ft.

12 in. 4 ft.

2 ft.
3 ft.

Dwarf, 3in.
Tall. 6 in.
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Seeds.

Time of Planting.

Deptb in Soil.

Distance.

Apart.

Petween
Rows

Recommended Varietins.

Beet .

Turnips . .

Radishes . .

Parsnips .

Carrots .

Onions .

Leeks .

Shallots .
Onian Sets .
Potatoes .

Cabbage .

Cabbage
Cauliflower .

Broccoli .

Brussels Sprouts

Cabbage Savoy
Lettuce

Vegetable Marrow .

—

April and May

Feb. to Sept.

Feb. to July

Feb. to March

Feb.and March

Feb., March
and August

March

March
April
March to May

——

August

March

March

March

April or May

March

March and
Apnl

March and
Apnl

I1n.

§ in.

I1n,

11in,

I 1n.

1in.

Just below
the surface
4 to 6n,

$in.

41m.

¢ 1.

§in.

tin,

3 in.

1 to 1} in.

\

6 to 8 in.

6 to 8 in,

Broadca

10 in.

8 1n,

6 1in.

10 in.

9 1n.

15 to 18 1.

16 10,

18 in.

158 in.

24 10.

g in.

9 in.

10 in.

9 in.

9 1n.

1210,

9 in.
2 to 3 it

24 ft.

2¢ ft.

2§ ft.

2% ft.

2} ft.
23 ft.
g in.

2o0r3
plants
only

required

Dell’'s Crimson, Chelt-
enham Green Top,
Crimson Globe.

Early Green Top Stone,
Snowball, Veitch’s

Red Globe.

Scarlet Tulip, French
Breakfast, Long
Scarlet, Short Top.

The Student, Tender
and True, Hollow
Crown.

James's Scarlet Inter-
mediate, Altning-
ham, Long Red Sur-

rey.

Ailsa Craig, James's
Keeping, Cranston's
Excelsior, Giant
Rocca, White Lis-
bon, Flat Red Trp-
ol

The Lyon, Musselburg,
London Flag.

Red or White.

Dargill Early or Whit-
chell Early (st
Early), The Ally or
Abundance (2nd
Early), Majestic or
The Bishop (Late).

Flower of Spring, El-
lam’s Early, Enfield
Market, {Red Dwarf
Dutch for pickling).

Early Offenham,
Christmas Drum-
bead, Early York

Snowball, Veitch’'s
Autumn Giant,
Early London.

Veitch's  Self-Protect-
1ng, Snow's Wanter
White, Purple
Sprouting. .

Cambnidge Champion,
The Wroxton,
Scrymger's Giant.

Drumhead, Early Ulm,
Ormskark.

Wonderful {Cabbage)
Tom Thumb (Dwarf}
Nuneham Park{Cos).

Moore’s Cream Cus-
tard, Green Striped.

The above table will undoubtedly
be found useful to beginners. In the
end column will be found a list of

varicties suitable for the School Gar-
den, the selection being based on per-
sonal experience.
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A few hints on the sowing of Peas and
Beans may be helpful. The dwarf
varieties of Peas are, in the most cases,
the better to use ; many districts experi-
ence difficulty in obtaining Peasticks.

Assuming the suggested rotation is
being carried out and that the section
for Peas, Beans and Potatoes has been
manured at the time of trenching, the
following method of planting Peas
should be successful. Where possible
a top dressing of wood ashes, applied
after trenching, forms additional food
material for the crops.

Early in Fcbruary, or as soon as
weather conditions are suitable, the
ground should be well worked with a
fork and all hard lumps broken down
to a fine tilth. Drills 3 in. deep should
be made with a draw hoe; the bottom
of the trench should be flat (Fig. 62).
The seeds should be sown in eights, as
indicated in the diagram, and then
covered over lightly by forking the
previously removed soil.

On very light soils it is often advis-
able to make the trench 6 in. deep,
covering over the seeds with 3 in. of
soil. For late Peas, this is always a
good plan, and especially serviceable,
should watering become necessary.
Broad Beans

Beans do not crop well in loose soils,
therefore it is not advisable to disturb
the soil with the fork or spade. Break
the rough lumps with the back of the
fork, draw out a trench 3 in. deep,
placing the seeds, black scar (hilum),
downwards, in two rows g or IO in.
apart diagonally (Fig. 62), and then
cover over with soil and tread firmly.

Kidney Beans

Prepare the soil in the same manner
as for Peas; draw out the trench with
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a draw hoe and cover seeds over by
using the fork. The cotyledons in this
case come above the ground and form
the first foliage leaves—the loose cover-
ing of soil facilitates an easy develop-
ment.

Potatoes

The ‘““seed’ DPotatoes should be
greened and sprouted in boxes. By
this means defective * sets” can be
discovered, the risk of damage by frost
is lessened, and the crop reaches an
earlier maturity and a larger size. After
forking over the plot, trenches should
be made 4 to 6 in. deep and 24 to 36
in. apart. The Potatoes should be
planted “rose” end upwards, 15 to
18 in. apart in the rows. To cover over
the ““ sets " the fork or the Cambridge
Hoe should be used. When the haulms,
or stems, are about 2 in. high, the soil
between the rows should be forked,
weeds between the plants having previ-
ously been cut down with the Dutch
hoe. Commence earthing up as soon
as the height of the haulms permits,
and do this in two or three operations,
at intervals.

Vegetable Marrows

For the cultivation of these plants
a special bed is required. This can be
made during Autumn by collecting
fallen leaves, soil in small quantities
being added as each layer of leaves
is obtained. A mild hot-bed is the
result.

The plants can be raised in the class-
room during March, the seeds being
sown in flower-pots. In May the plants
should be hardened off and planted
in their permanent quarters early in
June. If hand pollination is resorted
to excellent berries will be obtained.
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Fruit Culture

The cultivation of fruit trees in
towns is often a difficult problem
owing to the limited space available ;
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have a lasting effect on the scholars
concerned. Even if space is limited,
bush trees such as Currants, Goose-
berries and Raspberries can be culti-

country  schools

vated on either

should, however, side of the main
find no diﬁicu_lty. TRENCH FOR PEAS Path. ’I.'his course
Where pSSSIble is advisable, for
Crab and Quince the majority of
I
stocks should be e ' people are under
obtained ; three of = ‘ n \ I e the impression
each will be suffi- s \ \ \ H S = that for trees a
cient. Failing L SO oo large garden is
these, maiden RN — = required.
trees, Apple and -3 'Pre ——
Pear, should be ﬁ_::.[f:_:} = Preparing the Soil
ﬁrocured fr(\))g;l a Where a fruit
ursery. en plot is to be con-
established, the BEANS structed it is es-
art of grafting can sential that the
be demonstrated. 9/® L4 - L soil should be well
I; 1lang i; avail- ” o Py o P plrepareﬁ. IdTI;)e
able, bush trees E-CR plot shou e
9
such as Currants Fic. 62 Bas(tiarthrenchled
an eavily

(black and red),
Gooseberries,
Raspberries,
Pears, Apples and
Plums should be
obtained. It is obviously undesirable
to cultivate standard trees on School
Gardens, but when ground is unlimited
half-standards could be utilised.

When beginning the growing of fruit
it is a good plan to purchase one good
tree of each type required, from a
nursery. At the end of the second year,
“ cuttings ”’ can be taken, and these
will, by careful treatment, eventually
increase and become uscful trees.
Although this is a somewhat lengthy
process, the method suggested has its
educational advantages. The pruning
of the purchased stocks and the care
essential for the training of “ cuttings "

IV—11

HOW TO 8S80OW PEAS AND BEANS.

The above diagrams mdicate satisfactory methods
of sowing Peas and Beans.
all the plants.

manured with
farm-yard manure
during autumn.
Larly in spring
the trees should be obtained from a
nursery and planted out as early as
possible after delivery. A hole for
each tree should be dug sufficiently
large to take the roots. For bush
Apples and Pears it is advisable to
drive in stakes for support before
planting the trees. The following are
suggested varieties :

Light 1s able to reach

Apples, half- Newton Wonder,
standard Lord Derby (cul-
inary), Beauty

of Bath (dessert).
Lane’s Prince
Albert (culinary),

Apples, bush
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Worcester Pear-
main, Cox's
Orange  Pippin
(dessert).

Pears, bush Jargonelle, Marie
Louise and
Hessle.

Boskoop Giant.

. Houghton Castle.

. Whinham’s Indus-
try and Crown
Bob.

Victoria,  Shrop-
shire  Damson,
Pond’s Secdling.

.. Superlative or
Lloyd George.

Black Currants ..
Red Currants
Gooseberries

Plums

Raspberries

The number of each kind of fruit
tree depends on the available space
If two rods can be utilised, two half-
standard Apples, three bush Apples,
three bush Pears, two Plums, threce
Gooseberries, two Black Currants, one
Red Currant and three Raspberries
will provide variety.

Along the sides of the main garden,
Raspberries can  be planted every
6 ft. The Loganberry should also
receive attention. One good plant is
sufficient ; this is best at the end of the
fruit plot and trained towards either
side.

In country districts, instruction
should be given in grafting and budding;
both these processes aim at similar
results—the union of two parts of
plants, a short piece of shoot being
united with a well-rooted plant or
stock. Little was known of the art
until fruit culture became fashionable
in Tudor times. In 1572, Pippin, Pear
and Cherry slips (scions) were brought
from France and grafted on native
stocks. In the classroom, grafting can
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be carried out on Geraniums and in
the garden with all trees of the same
Natural Order. Although it is possible
to graft Plums and Cherries, the
results are not satisfactory. For stone
fruits, budding is the better method.
Both processes are carried out for
similar reasons :

1. To increase the number of a
particular variety. This point is of
importance ; it is impossible to raise
varieties from seed ; propagation by
“cuttings ” or layering is not satis-
factory.

2. When a standard tree is required,
a straight stock should be obtained and
a drooping scion united with it.

3. Sometimes it is necessary to in-
crease the rate of growth. This is done
by grafting a quick-growing scion on
a slow-growing stock. Whenever stock
and scion are very different, an enlarge-
ment takes places at the place of union,

Success in the art of grafting or
budding depends on the ability of the
Instructor to recognise the position of
the layer of actively dividing tissue—
the cambium. It is the union of these
meristematic cells which results in
subsequent growth,  The cambium
lies immediately above the woody
tissue, or between the wood and bark;
hence 1t is important that the cambium
of the stock and scion shall be in direct
contact.

r

Methods of Grafting

There are two methods of grafting
which can be taught in the School
Garden : (@) Whip or Tongue ; () Crown
or Rind grafting. The former is the
better method when the stock and scion
are about the same size, the latter being
used for the improvement of old trees.
Generally grafting is carried out at the
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end of March or early in April, when the
sap is rising. The growth of the stock
should be in advance of the scion.
For this reason scions should be ob-
tained in autumn and put in the soil,
or moist sand, to prevent their drying
up and to keep them in a dormant
condition until March or April.

Whip Grafting (Fig. 63)

A long oblique cut should be made
through the stem and a corresponding
one through the scion as near the same
slope as possible. A wedge-shaped
portion should then be removed from
the stock and as near as possible a
similar portion removed from the scion.
The ‘tongue’ formed in the scion
should fit into the wedge-shaped cut
of the stock, care being taken to place
the cambium of one side of the scion
in close contact with that of the stock.
The scion should then be securely
tied to the stock by means of raffia or
bast, clay or grafting wax being placed
round the cut portion to exclude air.
Two or four buds only should be left
on the scion. Success{ul results can be
obtained without the “ tongue,” but
more skill is required in binding the
graft with raffia.

Practice in this type of grafting can
be carried out with twigs of the Willow ;
the stocks will grow quite well in water.
The scions should be planted in soil
a week before attempts are made. For
indoor work it is not necessary to cover
the union with clay; bind well with
raffia, however,

Crown or Rind Grafting (Fig. 64)

For this type of grafting the upper
part or head of the tree or stock is
cut off completely at a point a httle
above where the scion is to be grafted.
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WHIP - ORAFTING

F1lo.63

WHIP GRAFTING.

After the scion has been placed in position on the

stock, the union should be secured by means of

rafha. A covenng of grafting-wax or clay should
then be applied.
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This preparation of the stock must be
done before growth begins, the best
time being the early part of February.
One or more scions are prepared with
long sloping cuts and then inserted into
longitudinal slits, 2 in. long, cut into
the bark of the stock. The united parts
should be bound firmly with raffia and
then covered completely with clay or
grafting wax to exclude air and rain.

With both types of grafting it is
necessary to remove carefully the clay
or wax and raffia as soon as the buds
on the scions have grown 6 or 8 in.
Often a supporting stake is advisable ;
this should be bound tightly to the
stock in such a position that the scion
can also be fastened to it.

Budding (Fig. 65)

The process of budding is more intri-
cate than that of grafung. In this
country the most common method
employed is that known as ‘‘ shield-
budding,” and is usually performed in
July and August, when the bark can
readily be separated from the cambium
ring. Newly formed wood buds should
be selected for insertion and taken
from the middle part of shoots produced
the same year. The bud to be used
is taken from the shoot by removing
a shieldshaped portion of the bark
and wood as indicated (Fig. 63a).
The wood must be carefully pulled
from the bark and thrown away. This
is the most difficult part to perform.
If the rudimentary vascular cylinder
of the bud comes away with the wood,
leaving a hollow when viewed from the
inside, the bud will not develop; the
vascular cylinder, if intact, will stand
out as a slight prominence from the
bark.

In the stock a T-shaped incision
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should be made (Fig. 650). The sides
should be carefully raised and the
prepared bud inserted in the slit (Fig.
65¢), the wound being carefully bound
with raffia or bast, leaving only the bud
exposed—the leaf in the axil of which
the bud is growing being severed so
as to leave about 3} in. of petiole
attached to the bark. Three weeks or
a month later the binding should be
removed, and during the autumn the
upper part of the stock, above the
insertion of the bud, should be cut
away. In spring no growth but that
from the bud should be allowed ; dor-
mant buds should be rubbed out as soon
as they appear.

In budding operations the healing
tissue, or callus, formed by the cam-
bium of the transplanted bud, becomes
united with that formed by the cam-
bium of the stock, and as the cambial
surfaces brought together are large, a
good union is readily made.

Budding is the best method of propa-
gating Roses, exactly the same pro-
cess being carried out as that recom-
mended for fruit trees.

Layering

The process of “layering > consists
of bending and pegging down a shoot
of a plant into the soil. From the bent
portion in the soil, sooner or later,
adventitious buds arise, after which the
“layers ” may be severed from the
parent plant. In this manner the Apple
Paradise Stock is obtained. In order to
induce the formation of adventitious
roots the shoots to be pegged down are
often ‘“ringed,” the bark being cut
completely through or ** tongued ""—a
wedge-shaped piece being cut out of the
underside. Carnations and Currants
are readily propagated by layering.



NATURE STUDY

Cuttings

The term * cutting ” is applied to
any part of a plant which may be used
for propagation. The leaves of Glox-
inias and Begonias, when cut through
their mid-ribs and fastened down or
even laid on damp sand, produce buds
and roots, which develop into new
plants.  For School Garden work,
however, shoots are selected for cut-
tings. Generally good results are ob-
tained if the shoots are cut through just
below a node, for, in most cases,
adventitious roots only arise at the
latter points. Woody cuttings such as
Gooseberries and Currants 8 to 10 in.
long should be obtained in Autumn after
leaf-fall. The buds from about half the
length of the shoot should be removed
and this portion placed in the soil.

For Apples and Pears the cutting
should include a '“heel” or small
piece of wood from the older branch on
which the selected shoot grew. This
method is generally successful ; un-
heeled cuttings often fail to produce
adventitious roots.

Cuttings of herbaceous plants must
be placed in loose loamy soil to induce
a rapid formation of roots. When a
frame is available it is advisable to
keep the air inside close and damip to
prevent a too rapid loss of water during
the time the shoots are without roots.

Flower Culture

No School Garden is complete with-
out a flower border. Herbaceous peren-
nials such as Phlox, Asters (Michael-
mas Daisies) and Chrysanthemums
might with advantage be used, and such
bltfn_nials as the Wallflower, Sweet
William and Canterbury Bell should
a_lso be cultivated. Where space is
limited, annuals should be grown, a
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CROWN OR RnD
ORArTING

Fi16. 64

L

CROWN OR RIND GRAFTING,

This is the best system of grafting for old treea.
Any number of scions can be inserted in the crown.
See that the camnbiums are m contact,

suriable selection being Sunflowers,
Sweet Peas, Nasturtiums, Shirley Pop-
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pies, Linum, Lupins, Candytuft and
Mignonette. Sweet Peas need deep
cultivation and often grow best when
sown in groups of 6 to 8, with 4 ft. be-
tween the groups, along the sides of the
main path. When alternated with Sun-
flowers along paths, a pleasing effect is
produced. The flowers grown should
be labelled, names being given, together
with the Natural Order.

Grasses

In country districts, one part of the
School Garden should be devoted to
the cultivation of agricultural grasses,
a patch 1 ft. square being allowed for
each variety. The manner in which
such grasses are mixed to form tem-
porary and permanent pastures, their
rapidity of growth, durability and
feeding properties might receive atten-
tion during the Winter season. Such
types as the following will provide use-
ful comparative work on the lines sug-
gested : Italian Rye Grass, Cocksfoot,
Timothy, Meadow Foxtail, Red Clover,
Alsike Clover (tall-growing kinds), and
Crested Dogstail, Perennial Rye Grass,
Sheep’s Fescue, Hard Fescue, Fiorin,
White Clover, Bird’s-foot Trefoil and
Black Medick (shorter kinds).

Herbs

Most gardens can find space for the
cultivation of the more common herbs.
Thyme, Mint, Sage, Rue (useful for
chickens), Lavender and Marjoram are
suitable varieties for the majority of
gardens. Many others such as Hore-
hound, Sweet Basil, Balm, Coriander,
Caraway, Rosemary and Wormwood
are valuable to the farmer.

Pests and Diseases

Many of the insects troublesome to
the gardener have been dealt with in
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the chapter on Insect Life. The Cabbage
Butterfly can be studied under natural
conditions in the School Garden and
the best method of preventing damage
by the caterpillars discovered. Obvi-
ously the destruction of the eggs is the
most humane method, and in the School
Garden this should be done. Should
small holes be discovered in the leaves,
then a thorough search must be made
for the caterpillars, Spraying with a
solution of common salt, 2 oz. to a
gallon of water, is often effective ; it
is necessary, however, to drench the
plants thoroughly. Once the cater-
pillars have burrowed into the heart
of the cabbage thcy are inaccessible,
and hence the aim should be to destroy
the larvae at the earliest possible
opportunity.

The eggs of the Cabbage Moth are
laid singly and are often overlooked.
The caterpillars are generally the same
colour as the leaves, and hence careful
observation is necessary to prevent the
ravages of this pest.

The Carrot Fly

Most gardens and allotments are
troubled with the larvae of this pest,
which bores into and feeds upon the
roots of Carrots, Parsnips and some-
times Celery. The plants attacked
turn brown in patches and finally
become rotten. Carrots attacked by
the larve can be easily recognised by
their foliage. In the early stage the
leaves turn red, finally become yellow
and wither away.

The Carrot Fly is about { in. in length
and of a black or dark greenish-black
colour. She appears in May or early
June and lays her eggs in clusters near
the top of the Carrot and just under
the ground. On hatching out, the
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larva wriggles through the soil to the
tip of the root where it gains an entry.
Gaining strength, it eats its way up-
wards, making frequent holes to the
outside, and often the larve may be
found protruding from such holes.
When fully fed, the larva leave the
plants and pupate in the soil. Carrots
badly infected often show horizontal
cracks, by which other pests such as
Woodlice and Millipedes are able to
cause further damage to the crops.

Much can be done to prevent attacks
if precautions are taken. In the first
place seeds should be sown very
thinly ; secondly, thin out as early as
possible—as soon as the plants have
their first foliage leaves—destroying
at once the small plants removed.
In the School Garden the soil can be
consolidated by hand at the time of
thinning, and this helps to prevent the
visits of the Fly. After this operation
is completed the bed should be sprayed
with a Paraffin Emulsion. This is
made as follows: Dissolve } Ib. soft
soap in 1 quart of boiling soft water
and while still hot add § pint of parai-
fin. When required for use, mix 4 pint
of the emulsion with } gallon of rain
water, the spraying bcing 1epeated on
three occasions at weekly intervals.

The above has been successfully
carried out for several years. Rotation
of crops together with careful sowing
and thinning seem to be the main
points in preventing attacks. It will
be noticed that under the system of
rotation suggested, Carrots and Par-
snips are planted on the same ground
every fifth year.

The Black Aphis

This troublesome pest calls for
special consideration. Most parts of
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FOR PLums AnO Roses

Fic.65

BUDDING.

A certain amount of skill is necessary for this

operation. The wood from the inside of the bud

should be removed, care being taken not to destroy
the vascular bundles
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the country receive annual visits, and
hence various names are used to des-
cribe it—e.g. Black Blight, Black Dol-
phin, Black Army, etc. Practically
everyone rtecognises the Blight on
Broad Beans. The congregation of
individuals at the top gives the plant
a dirty appearance and renders the
infestation evident even to the most
casual observer,

The life-history of the Black Aphis
and the Green Fly found on Roses and
fruit trees is very similar. In late
autumn winged females and males
are produced, These leave the plants
and fly to certain trees, such as the
Spindle tree. Wingless females are
produced, and after being fertilised by
the winged males lay eggs in the bark
of the tree; these do not hatch out
until spring. All the adult Aphides
are killed off as winter approaches.

Early in Spring the eggs on the
Spindle tree, and possibly other shrubs,
hatch out into female Aphides, which
develop the power of reproducing
others. Winged types are produced
which fly to other plants and reproduce
in a similar manner, but giving rise to
other winged and wingless types. The
winged form is the type which spreads
infestation, for a single Aphis is capable
of giving rise to thousands of others.

In the School Garden it is often
possible to prevent the spread of the
pest. Broad Beans should be planted
early and, as soon as flowers develop,
the tops of the Beans should be pinched
out and buried. Lateral shoots which
develop low down on the stems should
be removed. Spraying with a Paraffin
Emulsion as recommended for the
Carrot Fly is a good preventive, but
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is of very little use when once the
Aphides have been allowed to take
possession.  In using the Paraffin
Emulsion on Beans or Rose Trees
it is essential that no drops of paraffin
float on the surface of the dilute wash,
otherwise burning of the leaves will
occur.

In dry weather Kidney and Runner
Beans are often attacked. Spraying
with a contact insecticide is necessary.
The most effective is one made up of
soft soap, nicotine and soft water.
The following proportions will make a
concentrated solution : } oz. nicotine,
1 1b. soft soap and 1 pint boiling water.
Store the mixture in a tightly corked
bottle in a place of safety—nicotine is
poisonous and must be handled with
the greatest possible care. When
required for use, } pint of the solution
to 1 gallon of water will produce a
suitable spray fluid.

Onion Fly

The remarks made on the planting
of Carrots are equally applicable to
the Onion. The greatest possible care
is necessary when thinning cut. It is
generally after this process that the
Onion Fly lays her eggs, and hence, if
the thinning is carelessly done, the
aroma of the bruised Onions becomes
an attraction. After thinning, the bed
should be sprayed with the Paraffin
Soft Soap Emulsion,

Many other pests are met with in
School Garden practice, such as Snails,
Slugs, Mice and Rats.

For those teachers who are able to
cultivate fruit a lesson on the Winter
Moth will be given in a later section.
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SECTION I1I

CHAPTER 1
GENERAL SCIENCE IN THE ELEMENTARY SCHOOL

HE chief aim in science teaching

in the elementary school should be

to create a permanent interest in
the subject. One can scarcely hope
to inculcate scientific habits of thought,
even if this is considered desirable. The
child should be afforded an opportunity
of reasoning about knowledge obtained ;
he should be acquainted with a few
scientific principles and their operation
in the service of mankind; he should
also be able to distinguish the essential
features of an experiment. But the
energy of the teacher should be directed
to the task of giving the child an in-
terest which will survive, and there-
fore abstruse scientific reasoning, which
is beyond the capacity of the pupil,
should not be imposed on him, The
primary school teacher should not hesi-
tate to remove from his scheme that
which, after reasonable experiment,
is found to have no appeal to the child.
Do not attempt to impose a matricula-
tion syllabus on a child twelve years of
age.

Apparatus

The vexed question of apparatus has
now to be considered. There are some
teachers who manage with practically
no apparatus, but they must, at times,
be severely handicapped. If science
deserves a place in the curriculum, it
should emerge from the slate-pencil
stage. A few pounds can buy a

generous supply of the less costly
apparatus. If there is nothing but
home-made apparatus, the harassed
science teacher may be unable to lay
his hands on that small, elusive, but
necessary part of the apparatus, which,
if not forthcoming, may make his lesson
a dismal failure. The science appara-
tus of a school may take several years
to bring to completion, but, once
obtained, will be a great boon to the
teacher ; breakages can be made good
from time to time and the stock
replenished by small purchases. There
is no need to buy expensive ap-
paratus.

It is desirable to have the co-opera-
tion of the handwork instructor, who
will be able to have many articles made,
the prices of which would otherwise
be prohibitive. Elaborate apparatus is
unnecessary, in fact, with young chil-
dren, the principle may be obscured if
the apparatus is too refined. The
manufacture of electrical apparatus
provides excellent instruction in the
handwork room.

Group Work

If possible the children should work
in groups, but the tasks set should be
simple. If questions are set relative
to the experiment, they should be
couched in simple language. It is
excellent practice in English for chil-
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dren to furnish written answers to
questions in science. It must, of
course, be remembered that science
has developed for itself a characteristic
mode of expression, so that such state-
ments as the *“ action of dilute sulphuric
acid on zinc "’ may not be intelligible.
To teach a child to express himself in
a way which is intelligible is often no
easy task, and it will, as a rule, be
found more difficult in science than in
any other subject.

In science one must avoid attempting
too much and must bear in mind the
limitations of the child. As John
Dewey says, ‘It is he (the child) and
not the subject-matter, which deter-
mines both quality and quantity of
learning.”
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Note-making

Young children must not be ex-
pected to make their own notes with-
out assistance. The teacher, as a
general rule, will make the notes on
the board, along with a sketch, of
course, and the children should copy
this into their books, which should be
of a suitable size. The notes should
be in composition form and should be
made with the assistance of the chil-
dren ; the sketch should be in pencil,
and should not be too small. Notes
should not be dictated. Older scholars
will be able to make their own notes
if the teacher has sufficient time to
mark them, for the average teacher is
forced to keep marking within reason-
able bounds.

CHAPTER 1I
SIMPLE EXPERIMENTS IN GENERAL SCIENCE

RIMARILY this work is intended

for schools in large towns and

cities where great difficulty is
experienced in obtaining the necessary
material for more advanced Nature
Study, and hence the three upper
standards, V, VI and VII, are provided
with experiments in science which
can be easily carried out. Neverthe-
less, Nature Study should be included
whenever possible.

Volumes

1. Use the measuring jar to find the
volume of an irregular piece of glass.

2. To find the volume of a marble,
find the total volume of, say, a dozen,
and then by division find the volume
of one.

3. Find the volume of a hollow
cylinder by means of the burette.
Also repeat, finding the volume of any
hollow prism. The surface of the
liquid in a burette is known as the
meniscus.  Always read the lowest
point of the meniscus, except when the
liquid used is mercury. Use a funnel
to pour the coloured water into the
burette. Be careful to read the
meniscus at your eye level (Fig. 1).

Enter results like this :

£ 47°2
101

2nd reading
1st reading :

.. Volume of cylinder = 371 c.c.

Now check the result by calculation.
Volume of prism = area of base by
height.
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It is a good opportunity at this
stage to realise what a cubic centi-
metre of water is. It is a very small
quantity, and weighs 1 gramme. If
possible obtain a small tin, hollow
cube, each side of which, measured
internally, is T cm. You have now
1 c.c. of water. Now use a pipette,
made to hold 1 c.c,, and by means of
it measure I c.c. of water into a small
beaker. Use a 25-c.c. pipette and by
means of it put 25 c.c. of water into
another beaker.

Now examine a small weight marked
1 gramme (or 1 grm. for short). Place
it on a scale pan attached to a spring
balance and observe the movement of
the pointer. Usc other weights on the
scale pan and again notice the move-
ment of the pointer. How accurately
can you measure the weight of an
object by means of the spring balance
you are using ? Obtain the weights
of a variety of small objects—a pocket
knife or a penny, for instance. To find
the weight of a penny it may be a good
plan to weigh six pennies, and by
division find the weight of one.

If you have a suitable spring bulance,
weigh a beaker, add 25 c.c. of water
by means of a pipette and hnd the
weight of the water. What should
you expect it to be ?

Water and Filtration

Sometimes it is necessary, especially
in the case of spring water, to filter it,
and so separate from it the grains of
sand. Filter some water on a small
scale. Mix a small amount of sand in
clean water. Obtain a filter paper
and a filter funnel. Fold the filter
Paper up, make it into a small pocket
and place it into the funnel (Fig. 2).
Carefully pour the mixture into the
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funnel and notice the clear water
collecting in the beaker.

Obtain a solution of salt and water
and repeat the experiment. Is the
salt separated from the water? To
separate the water we must distil the
solution. Fig. 3 shows a convenient
form of apparatus. Pure water will
be collected in the test tube, where the
steam is condensed by the cold water
of the trough. Now pour the remain-
ing solution from the flask in an evapor-
ating dish and carcfully evaporate to
dryness. Do not overheat the dish
during the last stages. A deposit of
salt will be obtained in the evaporating
dish.

Repeat the experiment, using sodium
nitrate, alum or sugar instead of salt.

Water in small quantities is colour-
less, but in large quantities is of a
bluish colour. It may also be regarded
as tasteless, although distilled water is
unpleasant to drink.

Artesian Wells

Let us consider the artesian well,
which is a free-flowing well. To make
possible an artesian well, it is neces-
sary to have porous rocks containing
water, overlaid by impervious rocks.
If the impervious cover is pierced by
borings, water will naturally rise to
the surface (Iig. 4). Such a condition
exists in the London Basin, where the
Loundon clay lies on porous rocks. As
so many wells have been sunk, the
water now only rises to within about
100 feet of the surface.

The Bunsen Flame

The bunsen burner can produce two
flames, the luminocus and the non-
luminous. In order to get the non-
luminous flames. open the holes at the
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bottom of the burner and you will then
be able to distinguish the different
coloured cones (Fig. 54). The cone A
consists of completely burnt gas, the
cone B of partly burnt gas and the
cone C of unburnt gas.

To prove that cone C is unburnt gas,
place in it a glass tube of the shape
shown in the sketch (Fig. 56). Put a
light to the end of the tube and note
the small flame. What does this
prove ! When the holes at the base
of the burner are open, air is drawn
in with a rush and the mixture of air
and gas is ignited at the mouth of the
tube.

The luminosity of the luminous
flame is due to some extent at least
to the particles of carbon which are
separated, becoming incandescent. If
particles of iron, i.e. iron filings, are
dropped into the non-luminous flame,
it becomes luminous to some extent.
Heat an incandescent gas mantle with
the non-luminous flame.

Examine the candle flame and try
to distinguish two well-marked zones
(Fig. 5¢). Test the lower one for
unburnt vapour.

Sulphur-mixtures and Compounds

Sulphur is very often found in the
neighbourhood of volcanoes, as in Italy
and Sicily, and many rocks contain
sulphur, for example, iron pyrites and
zinc blende.

Heat some sulphur in a test-tube and
notice the changes. At 115° C. it melts
and is yellow, but at 250° C. it is vis-
cous and nearly black. Further heating

ma'kes it more mobile, till at 440° C, it
boils. Before it boils pour it into a
beaker of water, and you will have

made plastic sulphur. You

‘ must
notice, however, that it i, .t

sulphur;
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its physical appearance may have
changed, but chemically it is still the
same substance—sulphur,

Now mix some roll sulphur with iron
filings. You have what is known as
a mixture, and the iron filings can be
separated from the sulphur by means
of a magnet. You may separate the
sulphur away by adding carbon bi-
sulphide to the mixture, Place some
of the mixture in an iron tray and heat
for some time. Now try to separate
the iron filings by means of a magnet.
You cannot, for you now have, not a
mixture, but a new compound, i.e, an
entirely new substance, although this
substance contains sulphur and iron
chemically combined. This new sub-
stance is iron sulphide.

Take the compound red lead, which
consists of lead and oxygen. You
cannot withdraw the lead by ordinary
means—by attempting to dissolve in
water for instance. We can, however,
obtain the lead from red lead.

Obtain a charcoal block and scrape
a hole in it. Mix some red lead with
ground sodium carbonate and put the
mixture in the hole, scraping some
particles of carbon over the mixture.
Heat the mixture by means of a blow-
pipe flame, keeping the cheeks well
inflated throughout the process. Do
not allow breathing to disturb your
blowing through the blowpipe (Fig. 6).
Eventually you will observe small
globules of lead appear in the hole.
When cool draw the globules over a
white paper and notice the dark line
made. Use a pestle and mortar to
grind the sodium carbonate.

The Volcano (Fig. 7)

It will be interesting at this st.age
v say a few words about volcanicity,
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as sulphur, as has already been men-
tioned, is often found in the neighbour-
hood of volcanoes. When a volcanic
eruption is about to take place there
are usually, though not always, pre-
liminary warnings. The atmosphere
is very oppressive ; an unwonted calm
steals over the countryside, birds cease
their melodies and animals become
uneasy. For a few days ashes are
flung into the air from the volcano,
and then the great catastrophe comes.
Following the ashes, dense volumes
of steam rise in the sky and some-
times lava pours forth from the
neck of the volcano down the moun-
tainside. If the flow is rapid there
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may be an enormous loss of life, besides
destruction of property,

Everyone has read of the destruc-
tion of Pompeii by the eruption of
Vesuvius in A.D. 79, and the destruc-
tion of the neighbouring town of Her-
culaneum by the sea of mud, in which
it was buried. No lava was emitted
on this occasion. There are, of course,
eruptions which are not so destruc-
tive; Stromboli vomits forth steam
and ashes about every hour, and it
is a strange sight when seen from
the sea—it is a natural lighthouse.

The Kimberley diamond field of
South Africa occurs in an old volcanic
neck or pipe.

CHAPTER III

TWO ELEMENTS

ARBON exists in the form of the
Cdiamond, graphite and charcoal.
The Diamond is crystalline and
is generally colourless, although occa-
sionally it is yellow, brown or blue.
It is found in India, Brazil, Sumatra
and Australia, but the largest stones
come from Kimberley in South Africa,
where the diamonds are found in old
volcanic vents. The biggest diamond
is the famous South African Cullinan
Diamond, the largest dimension of
which is over 3 inches. The dramond
is practically pure carbon, and is the
hardest substance known; when
strongly heated in air it will burn.
Artificial diamonds were first pre-
pared by Moissan, a French chemist,
in 1893 by dissolving charcoal in
molten iron heated in an electric

furnace and suddenly cooling the iron
by plunging it into water or molten
lead. The force of the interior ex-
panding and the outer crust contract-
ing turned the charcoal into diamond.
On dissolving away the metal with
acid, very small diamonds were found,
together with some graphite.

Graphile may be regarded as semi-
crystalline. It occurs in scales dis-
seminated through other rocks, and it
also occurs massive. It is soft, grey-
black in colour and has a metallic
lustre. It is found in quantity in
Siberia, Ceylon, Bohemia, India and
California and is also found in the
British Isles in Borrowdale, near
Keswick. At the present day graphite
is manufactured on a large scale at
the Acheson Works, Niagara, by
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means of the electric furnace. It is
used :

(a) In the manufacture of lead pen-
cils, when it is ground into a fine
powder, washed free from grit, mixed
with fine washed clay, and forced
through fine holes.

(b) As a lubricant.

(¢) As a coating for iron to prevent

rusting.

Amorphous Carbon

1. Wood charcoal is prepared by
the destructive distillation of wood.
The old wasteful way of making wood
charcoal was to build the logs into a
heap, cover with turf so as to leave a
hole at the base and at the top, and
then ignite the heap. Combustion
took place very slowly.

Make a small supply of charcoal by
heating a few splinters of wood in a
test-tube.

Wood charcoal absorbs gases and is
used to pack the ventilators of sewers.
It is also used in the creation of a
vacuurn,

2. Animal charcoal is made by heat-
ing bones in a confined space. It has
the power of absorbing the colouring
matter from solutions. Warm litmus
solution or brown-sugar solution with
animal charcoal and observe how the
colour disappears. Animal charcoal
is used for decolorising sugar. Heat
some brown-sugar solution or litmus
solution and pass through a succession
of filter funnels containing animal
charcoal (Fig. 8). .

3. Gas carbon is a good conductor
of electricity and is used for making
carbon rods for the electric arc light.

4. Sugar charcoal, lamp-black, soot,
and many other substances contain
carbon. Coal may consist of 75 to
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9o per cent. of carbon; coke, go per
cent. The chief constituent of petro-
lenm is carbon, and by fractional
distillation petroleum can be scparated
into heavy lubricating oils, light oils
and spirits.

Phosphorus

Phosphorus is mainly obtained from
bone ash. Yelow phosphorus is kept
under water, as it smoulders in the
atmosphere. Cut a piece of yellow
phosphorus, about the size of a pea;
place it on a metal tray (a sand tray),
touch it with a heated wire and note
what occurs.

At 0° C. it is brittle,

At 15° C. it is soft and can be cut
with a knife.

At 30° C. it melts.

At 34° C. it takes fire,

At 43° C. it melts under water.

Obtain a test-tube and pour some
carbon bisulphide into it ; add a small
piece of phosphorus. When the phos-
phorus has dissolved, pour the solution
on to a filter paper and place the filter
paper on a tripod. Note what occurs
when the paper is dry.

Very finely divided phosphorus takes
fire spontaneously.

Phosphorus 1s very poisonous, and it
is exceedingly unhealthy to work in a
match factory, as the fumes of the
phosphorus attack the bones of the
jaw and nose. It is phosphorescent in
the dark.

There is another variety of phos-
phorus, known as red phosphorus,
which is not poisonous, and is a powder.
It is obtained by heating yellow phos-
phorus in a closed test-tube contain-
ing carbon dioxide ; only gentle heat
is required.

Scarlet phosphorus is obtained by
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boiling a solution of yellow phosphorus
in phosphorus tribromide for some
hours.

The Manufacture of Matches

Matches are supposed to have been
first accidentally manufactured many
years ago by a schoolmaster who
taught chemistry to his boys. New
discoveries are rarely purely accidental,
however, and are, as a rule, the result
of careful thought and experiment.

The use of yellow phosphorus in the
manufacture of matches is forbidden
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by law ; thus scarlet phosphorus, being
non-poisonous, is used.  Lucifer
matches are sometimes made by dip-
ping wooden splints into melted paraf-
fin wax and then into a paste of
scarlet phosphorus, potassium chlorate,
glue and red lead. The potassium
chlorate provides the oxygen for the
ignition of the phosphorus. *' Safety "
matches are tipped with a mixture of
antimony sulphide and potassium
chlorate, and the match is ignited by
rubbing on a surface of scarlet phos-
phorus, red lead and powdered glass.

CHAPTER IV
HEAT

Effect of Heat

IT up some adaptation of the
Fapparatus (Fig. 9), heat the

copper rod and note the move-
ment of the lever, which can be arranged
to magnify the expansion. Most sub-
stances expand on heating, though
there are exceptions.

Obtain a ball and ring, so that the
ball just passes through the ring.
Now heat the ball and you will find it
no longer passes through the ring.
Allow the heated ball to rest on the
ring,and after a time it will fall through;
the ring has now expanded, having
been heated by the ball.

In industry, expansion has to be
taken into account in:

(r) Fixing the iron tyres on cart or
truck wheels.

(2) In the manufacture of big guns.

(3) In fixing rivets.

(4) 1In the construction of a railway.,

(5) In the erection of bridges and
stecl towers.

(6) In casting.

It should be noted that ice floats in
water, so that volume for volume ice is
lighter than water. If ice is heated
it contracts, contrary to the usual law.
This accounts for many leaking pipes
after a severe spell of winter. Water
reaches its maximum density at 4° C,,
1.e. volume for volume water weighs
heavier at 4° C. than at any other
temperature.

The Water Thermometer and the Air
T hermometer

Water Thermometer (Fig. 10a).—
Place this in warm water and notice
the rise up the tube.

Air Thermometer (Fig. 10b).—Warm
the flask by means of the hands and
note the movement of the blob of ink
in the bent partion of the tube.
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These thermometers, while they show
that water and air expand when heated,
are of very little practical utility be-
cause they are not sensitive enough.
A thermometer must indicate the
slightest change in temperature. The
thermometer we are about to describe
contains neither air nor water, but
mercury. Mercury is used because :

I. It does not freeze under ordinary
conditions.

2. It does not boil under ordinary
conditions.

3. It does not wet the tube.

4. It is very sensitive to changes of
temperature.

Examine mercury in a dish.

Sometimes alcohol is used in the
manufacture of the household ther-
mormeter.

The Construction of a Thermometer

Obtain a thermometer tube consist-
ing of a tube of narrow bore with a
bulb at one end and a funnel at the
other. Such a tube can be obtained
from firms supplying chemical and
physical apparatus. Pour mercury
into the funnel and gently heat the
tube. By alternate heating and cool-
ing the tube, and finally by boiling the
mercury in the bulb, fill the tube with
mercury. Place the bulb in steam or
boiling water and seal the tube below
the funnel.

To graduate according to the centi-
grade system, place the bulb in ice
shavings and scratch a mark on the
glass to indicate the level of the mer-
cury at freezing-point. Now place the
thermometer in steam (not boiling
water) and make a second mark. This
point is the boiling-point. Complete
the graduation by the most suitable
method for your purpose.

MODERN TEACHING

The boiling-point of the centigrade
thermometer is 100° C. and the freez-
ing point is 0°C. We may have
temperature below freezing-point, for
example—5° C. Now a thermometer
used in England for ordinary house-
hold purposes is known as the Fahren-
heit thermometer and the boiling-point
on this is 212°, while the freezing-
point is 32°. The number of Fahrenheit
degrees between freezing-point and
boiling-point is, therefore, 180. Thus
we see that 100 divisions on the
centigrade scale correspond to 180 on
the Fahrenheit scale. Supposing you
desire to know what a reading of 60°
C. would mean on the Fahrenheit scale.

100° C. mark corresponds to 180°
F. plus 32°
1° C. mark corresponds to
180°
100°
.~ 60° C. mark corresponds to
180° ° ¢
100" X 60° plus 32

= 108° plus 32° = 140° F,

F. plus 32°

Notice that you must make allowance
for the Fahrenheit scale starting at 32°
for freezing-point. Now try to convert
60° F. to the centigrade reading.
What is a thermometer used for?
It is used to measure the temperature
of a body, i.e. to measure the degree of
hotness of a body. A thermometer is
not used to measure the amount of
heat. Take two beakers, one double
the size of the other, fill with water
and boil. The readings will be the
same, but the amount of heat in the
larger beaker is obviously more than
in the smaller beaker. In this book we
shall not discuss the method of finding
how much heat there is in a body, but
confine ourselves to measuring how hot
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a body is. Boil some water in a
beaker and then allow to cool; take
the temperature every half minute for
about ten readings and then every
minute. This will take you about half
an hour. Now plot a graph, tempera-
tures against time,and draw conclusions
from it.

The Melting-point of Wax

Melt some wax and allow some to
adhere to the bulb of the thermometer.
Place in water and heat the water.
Note the degree when the wax melts,
and then allow to cool and take the
reading when the wax just solidifies
again. Take the average of the two,
and this will give a rough approxima-
tion to the melting-point of wax.

Transference of Heat

Heat may be transferred by con-
duction, convection and by radiation.

In conduction the actual body does
not move as a whole, although the
molecules are generally recognised to
be in a state of motion. If a poker is
Placed in a fire the heat travels along
the poker and can be felt by the hand
holding it. The heat felt through the
poker may be much more intense than
the heat felt directly from the fire. As
the molecules of the poker become
heated, they are supposed to bombard
each other. Which is the better con-
ductor, copper or steel ?

Obtain a bar, one half made of
copper, the other half of steel. Fix, by
means of wax, a marble at each end,
heat in the middle and observe which
marble falls first (Fig. 11). You may
try this experiment, using several bars
of different metals, all heated equally
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by the same burner. Use blobs of
wax to indicate how quickly the heat
travels. Why can a bunsen flame
burn above a wire gauze while not
being able to burn below it ?

Place a gauze on a tripod and a
bunsen burner underneath the tripod.
Ignite the gas above the gauze with-
out igniting that below it; or again,
ignite the gas below the gauze without
igniting that above it. Why is this
possible 7 (Fig. 12.) The gauze con-
ducts the heat away so rapidly that
the heat is insufficient to cause ignition
below or above the gauze as the case
may be,

The Davy Lamp.—This is the prin-
ciple underlying the construction of
the Davy lamp. The small oil lamp
is surrounded by a gauze the tempera-
ture of which is not high enough to
cause any gas outside to ignite. The
Davy lamp is also an indicator of
the condition of the air down a mine.
A small blue cone surrounding the
flame indicates that dangerous gases
are present, and thus the miner is
warned.

Convection.—In this process the body
itself actually moves. Obtain a flask
three-parts filled with water; drop in
a small picce of magenta dye (or potas-
sium permanganate), and gradually
heat (Fig. 13). Note the convection
currents produced. Why does the
warm water rise ?

It may here be remarked that water
is a bad conductor of heat, for water
can be boiled at the top of a test-tube
while there is ice at the bottom (Fig.
14).

Hot Water Heating Apparatus.—This
depends on the convection currents
produced in the water. Examine the
school heating apparatus.
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Convection Currents in the Aimo-
sphere.—Open the door slightly and,
by holding a candle flame to the aper-
ture, find the direction of the currents
entering and leaving the room. The
chimney has a great deal to do with
the convection currents. If we had
no chimneys in a room, we should have
to have efficient ventilators. Electric
fires do not need a chimney, but in its
absence another form of ventilation
must be adopted. There are many
kinds of ventilators to assist in the
production of convection currents.
Still air is an enemy of health, so that
the air in a room should be kept in
a state of motion, without draughts, of
course ; this is sometimes accomplished
by means of electric fans. However 1t
be done, it is a necessity.

Sometimes you will see a ventilator
in the ceiling of a room, or, if you are
in the street, you will observe a tower-
like structure above a building ; this
may be a ventilator (Fig. 15).

Radiation.—Heat can also be trans-
ferred from one body to another by
radiation. There is no atmosphere for
the greater part of the distance between
the earth and the sun, yet heat reaches
the earth from the sun. How does it
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travel? Not by conduction or con-
vection, as these methods require a
definite medium for their heat convey-
ing, but by what is termed radiation.
Radiant heat is very similar to light,
e.g. it can be reflected and refracted.

All hot bodies lose some of their
heat by radiation, if they are placed
in cooler surroundings. The rate at
which such a body loses heat depends
on:

1. The nature of the surface of the
body.

2. The difference between the tem-
peratures of the body and its surround-
ings. The bigger the difference the
more quickly is heat lost.

Use a hollow metal cube, of which two
faces are blackened by a candle flame
and two polished bright with metal
polish, to show how much more quickly
the blackened faces lose their heat than
the bright ones. In this experiment,
fix thermometers with their bulbs
at equal distances from the black and
the bright faces of the cube and note
the different readings. Now we can
see why so-called ‘“radiators’ are
painted black. Find other examples
of bodies polished or painted black
for a particular reason.
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CHAPTER V
GASES

Vitiation of the Atmosphere

HE atmosphere may contain cer-
Ttain things injurious to health.

1. Dust.—This, especiallyinlarge
cities, may assist in the carrying of
bacteria. It is essential for health that
there should be as little dust in the
atmosphere as possible. Our streets
should be well cleaned and even washed.
Many appliances (vacuum sweepers) to
collect the dust in the house have
recently been placed on the market.

2. Gases.—In the neighbourhood of
factories there is liable to be cbnoxious
gas. During the war many factories
produced poisonous gas and, as a rule,
all foliage and grass near the factories
perished.

3. Smells.—Harmful smells are often
met with in badly ventilated and over-
crowded buses. We can often trace
a cold back to the time when we
travelled inside a bus.

4. Dark Streets and Slums may con-
tasn the Virus of Disease.—Sunlight is
an enemy of disease, so open your
windows and let the rays of the sun
come directly into your house.

5. Smoke is Inimical to Health.—It
has a great deal to do with the preva-
lence of fogs in our great cities, hence
the agitation to abolish the open fire
grate. If you have the opportunity,
stand on an eminence outside a city
and notice the pall of smoke that hangs
over it.

Having considered what we may
call the hygiene of the atmosphere, we

shall now consider it from the point
of view of the chemist.

How much of the Atmosphere consists of
Oxygen or Active Air?

Obtain a crucible lid and attach a
piece of cork to it so that the small
handle of the lid fits into the cork.
Put a piece of phosphorus into the lid
and float on the surface of the water
contained in a trough. Obtain a bell-
jar with greased stopper. Remove the
stopper and place the bell-jar over the
cructble lid as shown in Fig. 16.
Shghtly heat a wire (the rod of a de-
flagrating spoon will serve) and touch
the phosphorus. When the phos-
phorus 15 burning vigorously, place the
stopper in the bell-jar.

The water gradually rises in the jar.
When it has ceased to rise, notice how
far it has gone up the bell-jar. Test
the remaining portion of air in the bell-
jar with a lighted splint and notice
what occurs. If the original level of
the water in the bell-jar is marked by
means of a strip of gummed paper,
and the final level is also marked, it
will be possible to find, by means of a
measuring jar, hbow much of the air has
been used up. What has happened to
this air ?

This portion of the atmosphere has
joined with the phosphorus to form
an oxide of phosphorus, fumes of which
can be seen during the experiment.
Because it is active, and joins with the
phosphorus to form a new substance,
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it is known as active air. Its usual
name is oxygen. The remaining por-
tion of the air in the jar, which would
not support burning, is sometimes
known as inactive air, though it is
usually termed nitrogen.

The atmosphere consists of approxi-
mately one part of oxygen to four
parts of nitrogen. There are also small
quantities of other gases present, such
as carbon dioxide, ozone, etc.

Oxygen is a very useful gas in in-
dustry, and doctors also occasionally
make use of it. We could not exist
in the absence of oxygen, and divers
need it when they explore the sea
bottom ; mountaineers need it when
they attempt to climb such a mountain
as Everest; and the aeroplane pilot
needs it when he passes beyond the
clouds to very high altitudes.

Prepare oxygen on a small scale.

1. Heat a mixture of manganese
dioxide and potassium chlorate in a
test-tube and test the gas with a glow-
ing splint.

2. Gently heat a test-tube contain-
ing lead peroxide (brown in colour) and
concentrated sulphuric acid. Test the
gas with a glowing splint.

Nitrogen is used in the manufacture
of fertiliser for the use of the farmer.
Most plants derive nitrogen from the
soil, and hence the need of a fertiliser
containing nitrogen. Peas and beans,
h9wever, have the power of absorbing
nitrogen from the atmosphere, but
they are practically the only plants
which can do so directly.

The Preparation and Properties of Oxy-
gen

Crush some potassium chlorate in
a mortar and add a small quantity of
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manganese dioxide. Put the mixture
in a hard glass tube. Arrange the
apparatus as shown in the sketch
(Fig. 17). Heat the mixture, gradually
at first: the gas given off will pass
down the delivery tube into the gas jar.
When the gas jar is full of gas,
close the mouth by means of a greased
plate and remove the jar from the
trough. The gas collected in the jar
is known as oxygen, or active air.
Collect several jars of the gas and
investigate its properties.

Properties of Oxygen

1. Plunge a glowing splint into a jar
of the gas and notice what occurs.
Repeat this several times.

2. Put some sulphur in a deflagrating
spoon, ignite it by means of the bunsen
flame, and plunge in a jar of the gas.
What occurs ?

3. Cut a small piece of phosphorus
and place in a deflagrating spoon.
Touch it by means of a heated wire
and plunge in a jar of the gas.

4. Obtain a piece of wood charcoal
and heat it until it glows. Plunge as
before in a jar of the gas. Use a
deflagrating spoon. Pour lime water
in the jar, shake up and note result.

5. Burn a piece of magnesium in air
and then in oxygen.

6. Obtain a small piece of iron wire
and attach to a deflagrating spoon.
Cause some sulphur to adhere to the
wire and then ignite the sulphur, and
after a few seconds plunge the spoon
into a jar of oxygen.

The Preparation and Properties of
Hydrogen

Hydrogen is prepared by the action
of dilute sulphuric acid on granulated
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zinc, Dilute hydrochloric acid may
be used instead of dilute sulphuric
acid.

Carefully put some zinc into the
flask and set up the apparatus as
shown (Fig. 18). Pour some acid down
the thistle funnel, and after waiting
about two minutes collect the gas.
If possible use small gas jars; on no
account use a cracked jar or bring
a flame near the apparatus. The
reasons for these precautions will be
obvious.

Obtain several gas jars of the gas
and place in the order in which they
are prepared. Finally collect a jar half
full of the gas, allow the water to fall
from the gas jar and quickly cover the
mouth with a greased plate.

Jar 1. Apply a lighted splint and
see what occurs.

Jar 2. Repeat.

Jar 3. Repeat.

Jar 4. Half is air, repeat.

Jar 5. Pour the gas upwards and
then test the jar for hydrogen. What
do you conclude from this experiment ?
(Fig. 19.)

Add more acid to the zinc until the
gas is coming off very vigorously.
Remove the delivery tube quickly and
replace by a tube drawn to a fine bore
as in sketch (Fig. 20).

Wait a few seconds and then apply
a light to the end of the tube. Note
the colour of the flame. Why is it
necessary to wait ?

Hydrogen is a very light gas and is
used in balloons and airships, though it
may, in the near future, be totally
replaced. It is extremely inflammable,
and so is highly dangerous, especially
when used for military purposes in
time of war. The gas is used in in-
dustry.
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The Preparation and Properties of Carbon
Dioxide
Fit up the apparatus as shown in
sketch (Fig. 21) and collect the gas
by the displacement of air. Cover the
marble with water before adding the
acid.

Properties

I. Add lime-water to a jar of the gas.
Also obtain a test-tube containing lime-
water and breathe down a glass tube
into the lime-water; note what hap-
pens.

2. Drop a soap bubble into an
inverted bell-jar containing carbon
dioxide. The bubble will float on the
surface of the carbon dioxide, What
does this show ? Note that the carbon
dioxide can be prepared in the bell-
jar by adding dilute hydrochloric acid
to powdered ‘ whiting.”

3. Plunge a lighted splint into a jar
of the gas.

4. Burn magnesium in the gas.
Black specks of carbon will be seen
on the jar and magnesium oxide will
remain.

5. Pass carbon dioxide through water
containing litmus solution. The solu-
tion changes colour. Boil and note
what occurs.

Carbon dioxide weighs, bulk for bulk,
about one and half times as heavy as
air. It is not poisonous, but it will
not support life—consequently people
suffocate in an atmosphere of COs.
Formerly it was supposed that the ill
effects of bad ventilation were due to
the CO, in the atmosphere. Normally,
there is up to -04 per cent. of CO, in the
air. Excessive crowding never gives
more than -7 per cent., and people
exposed to twice that amount show
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no ill effects if the air be kept in motion,
and temperature and moisture are not
too high. Thus the old methods of
testing the air of a room by measuring
the amount of CO, present have been
given up.

At Naples there is the famous
Grotto del Cane, and a dog entering
this cave is suffocated by the layer of
carbon dioxide on the floor. A man,
however, is not affected, as his head
is above the carbon dioxide.

When carbon dioxide dissolves in
water, carbonic acid is produced. The
gas is used in the manufacture of
mineral waters and also as a fire
extinguisher. It is stored in steel
cylinders.

The Diffusion of Hydrogen through a
Porous Pot

Examine a porous pot. You will
observe that it is unglazed, and if you
fill a porous pot with water and allow
it to stand for a time, the outside of
the pot becomes damp. Fit up the
apparatus as shown in the sketch
(Fig. 22), where D is a long tube about
a metre in length from the top to the
bend. In the bend is a quantity of
coloured water.

Obtain a bell-jar of hydrogen and
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carefully place it over the porous pot,
and at the same time notice the move-
ment of the coloured water. There
will be a rapid diffusion of gas from
the bell-jar to the porous pot and from
the porous pot to the bell-jar. Which
is the more rapid ?

Repeat with coal gas in the bell-jar
and also with carbon dioxide if time
permits. You will find that a slightly
different arrangement will have to be
used if the experiment is performed
with carbon dioxide, owing to the
heaviness of that gas. The tube will
have to be bent so that the bell-jar
is upright.

You will find that the rapidity of
diffusion depends on the heaviness of
the gas. The smaller the density of
a gas, the more rapidly it diffuses.

Now, a sumilar thing to this takes
place in Nature. A device has also
been used in the mines—depending on
the diffusion of dangerous gases through
a porous pot—to detect the presence
of harmful gases, and the miners are
warned by a bell, which is operated by
an electrical device.

Note.—Air weighs, bulk for bulk,
fourteen and a half times, and carbon
dioxide twenty-two times, as heavy
as hydrogen.
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CHAPTER VI

DOES MAGNESIUM GAIN OR LOSE IN WEIGHT WHEN
IT IS HEATED IN A CONFINED SPACE?

EFORE we can attempt to solve

this problem we shall have to

make ourselves familiar with the
chemical balance. If we obtain a
lever and support it at its middle
point, and also place two scale pans,
one at each end, we shall have a
very simple balance. Now examine a
laboratory chemical balance and note
the refinements—the carefully balanced
lever, the knife edges, the plumb line
and index.

Examine a box of weights; make a
sketch of the brass weights and then
of the smaller weights—a series of
circles containing a number will do, i.e.
the number of grammes. You will
observe that you can weigh accurately
any object within certain limits. Make
up from your weights any number taken
at random, e.g. 45-73 grm., 695 grm.

In weighing it is usual to observe
the following rules :

1. Put object to be weighed in left
scale pan and weights in right pan.

2. Raise and lower by means of left
hand.

3- Remove weights with tweezers,
using the right hand only.

4. Lower the central rod before
putting on or removing weights.

5. Carefully replace all weights after
using them.

The Problem

Clean a piece of magnesium ribbon
about a foot in length. Coil it up,

and place in a crucible, then weigh the
crucible, lid and magnesium.

Now place on a pipeclay triangle
and heat. The crucible lid should
not completely cover the crucible at
first, but no fumes should be lost,
After heating for some time the lid
should be placed over the crucible and
then the crucible may be further heated
for a few minutes.

Allow to cool, and note if there is
a gain or loss in weight. You should
try to account for this difference in
weight and realise that it was
impossible to detect any difference
before the introduction of the sensitive
balance.

What substance is contained in the
crucible? Burn some magnesium
ribbon in air and note the greyish sub-
stance which remains., What is it ?

The Spring Balance

Drive a nail into a drawing-board
and from this support a steel spring so
that the coils of the spring do not
actually touch the board. Attach
drawing-paper to the board so that the
movement of any point of the spring
can be indicated (by means of a
pencil) on the paper. Fasten suitable
weights to the spring and note the
stretch for each weight used. Does
your result verify the law of the spring
balance, viz. “ Stretch is proportional
toload? ”
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Remove the equal weights one by
one and observe if the spring regains
its original stretch. Enter your results
in tabular form. If the spring is
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stretched beyond a certain limit it will
not regain its original length on re-
moval of the load. It has stretched
beyond its “ elastic limit.”

CHAPTER VII
MAGNETISM

net. It is a kind of iron ore and
was supposed td have been acci-

dentally discovered by a shepherd of
Asia Minor named Magnes, whose
crook accidentally came in contact
with a quantity of lodestone and was
attracted by it.

Dip a piece of lodestone 1to some
iron filings and notice how they adhere.

Artificial magnets are usually made
by means of an electro magnet which
will be described later.

Dip a magnet bodily into iron filings
and notice how the filings adhere to it.

Two points near each end (Fig. 23)
where the power of attraction seems
to be the greatest are known as the
poles of the magnet, and because they
behave in many respects in a different
way from each other are termed N.
and S. poles, i.e. north and south.

Obtain a stirrup and let it hang from
a burette stand by means of untwisted
silk (Fig. 24). Place a magnet in the
stirrup and allow to swing freely. It
will finally come to rest pointing in a
north-south direction.

The Laws of Magnetism

Suspend a magnetic needle and
bring the N. pole of a magnet to the
N. pole of the needle. Now bring

LODESTONE is the natural mag-

the S. pole of a magnet near the N,
pole of the needle. Completely verify
the statement, ‘‘ Like poles repel,
unlike poles attract.”

Induced Magnets

Note how a number of steel pins
can be made to adhere to a magnet
as in sketch (Fig. 25). The steel pins
for the time being are induced magnets,
and may even retain some of their
magnetism on removal from the large
magnet,

The Field of Force

A magnet is supposed to be sur-
rounded by what is known as a field
of force, and we can get an idea of
the direction of the force by a simple
experiment. Place a magnet on a
table so that it points north-south, and
cover with a sheet of drawing-paper.
Shower a few iron filings over the
paper and gently tap the paper. The
filings will arrange themselves in par-
ticular directions. Make a sketch of
what you see.

Repeat by using waxed paper.
When the filings have arranged them-
selves, heat the waxed paper by
means of a bunsen flame and so retain
a permanent record of the lines of
force.
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Arrange two magnets with a soft
iron ring between them. Repeat with
iron filings as above and note their
arrangement. You will observe that
the soft iron ring seems to draw the
lines of force into it and so shields the
space within it (Fig. 26).

Soft iron will not retain magnetism
as does steel, so permanent magnets
must be made of hard steel.

Can a Magnet be made to lose its Mag-
netism ?

Obtain a test-tube and fill with iron
filings (Fig. 27). Draw a magnet along
the tube and examine the filings. The
filings arrange themselves and the tube
becomes a magnet. Shake the tube
well and it loses practically all of its
magpetism. A permanent magnet may
lose much or all of its magnetism if it
be hammered or heated.

How to make a Magnet of a Piece of
Steel

1. By the single-touch method (Fig.
28).

2. Double-touch method (Fig. 29).

3. A piece of steel may be slightly
magnetised by holding it in the mag-
netic meridian, pointing half down and
tapping the end with a hammer.

The constant hammering in the con-
struction of a ship has a tendency to
make the ship a magnet or a number
of magnets. Thus soft iron plays an
important part in shielding the ship’s
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compass from the effect of a ship’s
magnetism. Consult a book for a
description of a ship’s magnet. How
is the ship’s compass constrained to
revolve in a horizontal plane when the
ship is constantly moving up and down
and from side to side ?

The Dip Needle

An ordinary magnetic needle moves
in a horizontal plane, while the dip
needle moves in a vertical plane. Point
the dip needle due north and read the
angle of dip. Which type really points
due north, the dip needle or the hori-
zontal needle ?

To find the direction north by means
of the dip needle, turn the needle so
that it is vertical. Now rotate it
through 9o° and it will point due
north.

The dip is the angle between the
direction of the lines of force of the
earth’s field and the horizontal (Fig.
30).

Additional Exercises

1. Arrange two magnets in line
pointing in the magnetic meridian.
Trace the lines of force, using iron
filings.

2. Arrange two magnets in the mag-
netic meridian and trace the direction
of the field of force as before.

3. Magnetise a steel knitting needle.
File in the middle, break in half and
test each half for north and south
poles.
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CHAPTER VIII
ELECTRICITY

The Simple Voltaic Cell

BTAIN a glass jar and place in it

two plates, one of zinc (Zn) and

the other of copper (Cu). Pour
very dilute sulphuric acid into the jar
and join the Cu to the Zn by means of
a copper wire (Fig. 31). A current will
pass from the copper to the zinc. At
present you have no means of detect-
ing whether a current is passing, but
later on you will be able to do so.
Observe bubbles of gas rising from the
zinc plate. What gas is produced by
the action of dilute sulphuric acid on
zinc ? [Turn to preparation of gases.]

This type of cell has a great disad-
vantage ; the hydrogen collects on the
copper plate and eventually prevents
a current from passing; it becomes
polarised.

When a current is or is not passing,
bubbles still rise from the zinc plate.
If pure zinc were used no bubbles
would be given off when the plates were
not connected. This action (when the
current is not passing) in commercial
zinc is prevented by amalgamating the
Zn plate. To do this, clean the zinc
plate with dilute sulphuric acid and
then rub it over with mercury.

Can a Cell be made in which Polarisa-
tion does not take place?

Set up a Daniell cell as shown in the
sketch (Fig. 32). The crystals of
copper sulphate on the shelf keep the
copper sulphate concentrated.

The hydrogen produced by the
action of the acid on the Zn passes
through the porous pot and meets the
copper sulphate, which absorbs it be-
fore it reaches the copper pot. Thus
the cell is depolarised.

This cell, however, has a great dis-
advantage. The liquids diffuse through
the porous pot and mix (turn to Pre-
parations of Gases—Diffusion through
a Porous Pot). The cell, also, has
very little power.

The force which drives a current
through a cell is electro-motive force,
and it is measured in volts. The
E.M.F. of the Daniell cell is about 1-x
volts.

Can a Cell be constructed having a
greater E.M.F, and in which only
one Fluid is used ?

Dissolve potassium bichromate in
sulphuric acid and dilute about ten
times (Fig. 33).

Join the Zn to one of the carbon rods
and a current will flow. After some
time the bichromate solution will turn
green in colour and need replacing.
The cell produces an EM.F. of about
2 volts. The potassium bichromate
is the depolarising agent. Do not
leave the Zn in the solution when a
current is not passing.

The Dry Baitery

Carefully take a dry battery to
pieces, and you will see that it consists
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of three cells joined together in a
particular way. The zincs are joined
together and the cells are said to be
joined together in series. The E.M.F.
of the battery is three times that of
a single cell.

Takeone cell to pieces. How far may
you call it a dry cell? What are the
plates used ?

How to detect if a Current is
passing when the Plates are joined

Include in the circuit a tapping key
and a 2-volt lamp (Fig. 344).

First of all use a bichromate cell,
press the key and observe if the fila-
ment glows. Repeat with a Daniell
cell and a voltaic cell and note the
difference.

Put a 4-volt lamp in circuit and use
2 bichromate cells in series and observe
the result (Fig. 34b).

None of these cells gives a steady
current for long. Recently an excel-
lent cell has been produced which, with
very little attention, produces a steady
current, lasting for hours at a stretch,
and is very suitable for work in ** wire-
less.”

Obtain two burette stands and secure
a copper wire by means of them so that
the wire is horizontal. Place a mag-
netic needle underneath, as shown. A
sensitive needle should be used (Fig.
35). Include the wire in a circuit and
also employ a tapping key and note the
movement of the north pole of the
magnet. A movement of the needle
indicates that a current is passing
round the circuit.
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An instrument, called the galvan-
ometer, can be used to detect a current.
It can easily be made by fixing a short
magnetised needle in the centre of a
vertical coil of wire. When a current
passes round the coil, the needle is
deflected (Fig. 36).

The Electro Magnet

Obtain a bar of soft iron and wind a
dozen or more turns of insulated copper
wire round it. Attach the ends of the
copper wire to terminals, in order to
include in a circuit. A dry battery
such as is used in a flash lamp may be
used to provide the current. Dip the
end in the soft iron filings and note
the result (Fig. 37). Now by means of
the tapping key break the circuit and
again note the result.

If steel is used instead of soft iron
a permanent magnet will be obtained.
The electro magnet is used in industry,
and is particularly suited for loading
iron and steel goods. It can be used
to separate iron and steel scrap from
other metals. The principle of the
electro magnet is utilised in the con-
struction of house bells, for when the
bell circuit is joined, the electro magnet
thus produced attracts an iron rod
which moves a lever which in turn
rings the bell.

To make a magnet by means of an
electro magnet, place a bar of steel
across the poles of the electro magnet,
pass a strong current and strike the
bar several times with a wooden
mallet.
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CHAPTER IX
PRESSURE

Water seeks the Lowest Level

BTAIN apparatus similar to that

shown in the sketch (Fig. 38).

Pour water down one of the tubes
and observe that a common level is
obtained.

Pressure increases with Depth

Obtain a tin cylinder, make equal
holes at various depths, pour in water
and draw an inference from the result

(Fig. 39).

The Barometer

Many boys and girls find it difficult
to understand the principle of the
barometer.

The barometer consists of a glass
tube about 80 cm. long, closed at one
end and open at the other. It is filled
to within an inch of the top with mer-
cury and inverted several times to rid
the tube of air. It is then completely
filled and inverted in a trough of mer-
cury. The mercury in the tube falls
a short distance. The air, pressing
down on the mercury in the trough,
keeps the mercury up in the tube.
Above the mercury in the tube is
practically a vacuum, so there is no
pressure on its surface. The height of
the mercury column varies from day
to day according as the pressure of the
atmosphere varies, but the height is
usually about 760 mm. We therefore
say that the atmosphere has a pressure
of 760 mm. Mercury has a density of
I3:6 grm. per c.c.

v—i13

Would it be possible to make a
water barometer? Consider the ad-
vantages of using mercury.

The Manometer (Fig. 40)

This is really a pressure gauge.
When the mercury levels are equal in
height, the pressure in A is that of the
atmosphere.  An increase in pressure
in A will cause a difference in the
levels equal to the increase in pres-
sure. Find pressure of water and gas
mains.

The Siphon (Fig. 41)

The trough may be emptied of its
water by means of a tube as shown,
Start the action by sucking water
through the tube and water flows until
the tank is empty. Can you furnish
a possible explanation ?

Find out what you can about the
diving bell.

Pressure Gauges

There are many different types of
pressure recorders. One in extensive
use is the Bourdon Gauge, which con-
sists of a tube coiled into a flat spiral.
This is connected to the liquid or gas
the pressure of which is required, when
the spiral attempts to enlarge and
become of greater radius, dependent on
the pressure. By a suitable arrange-
ment the spiral moves a pointer, which
records the accurate pressure.

Other gauges utilise the compres-
sibility of gases for their pressure re-
cording, but the Bourdon is the one in
most extensive use.
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CHAPTER X
WATER AND WATER SUPPLY

VERY town needs an ample supply

of pure water, and very often

water has to be brought to the
town from great distances. Liverpool
gets its water from Lake Vyrnwy,
Glasgow from Loch Katrine and Bir-
mingham from the Elan Valley. Thus
water is brought through about seventy-
five miles of pipe to Birmingham
reservoirs. Water must be pure, and
to render it so it is passed over filter
beds consisting of layers of rough stone
and gravel. Very often the water has
to be treated with a gas named chlorine
in order to render it free from disease-
producing germs. For instance, the
water supply of New York City is
chlorinated by the largest equipment
in the world. A very small quantity
of chlorine will render water sterile,
but sometimes, when water is highly
contaminated, by sewage, for instance,
the amount of chlorine added gives the
water an unpleasant taste. This is
removed by the addition of the gas
sulphur dioxide. We shall consider
these two gases, chlorine and sulphur
dioxide.

Sometimes we complain that the
water we use is very hard and so
causes us to use a greater amount of
soap for cleaning purposes. Obtain
some lead piping and allow “ soft”
water to stand in it for about a month.
Now test the water for the presence of
lead. Add dilute hydrochloric acid to

the water and pass sulphuretted hydro-
gen; note the coloration. Sulphur-
etted hydrogen is produced by the
action of dilute hydrochloric acid on
iron sulphide. It is necessary for the
water to be hard to some extent.

To test Water for Contamination by
Sewage

Obtain a beaker of water from a
pond and add Nessler’s solution. A
yellowish discoloration indicates con-
taminated water.

Chlorine (Fig. 43)
Properties

1. Greenish-yellow gas, which irri-
tates mucous membrane.

2. Soluble to some extent in water.

3. Two and a half times as heavy as
air bulk for bulk.

4. Drop a piece of blotting-paper
soaked in turpentine in a jar of the gas.
It immediately takes fire,

5. Light a wax taper and lower into
a jar of the gas. It continues to burn.

6. Put a piece of phosphorus into a
deflagrating spoon and lower into a
jar of chlorine. The phosphorus will
ignite.

Bleaching Action

Moisten some leaves, flowers and
turkey-red cloth and put into a jar
of chlorine. They are bleached. Try
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this again with the turkey-red cloth
dry.

Moisture is necessary. Write a few
words with ink on a piece of paper and
drop paper in the gas. Now do the
same with ** dry writing.”

Chlorine water may be prepared by
using the apparatus shown (Fig. 43).

Sulphur Dioxide (Fig. 44)

Sulphur dioxide is produced when
sulphur burns in air. It can be pre-
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pared by the action of concentrated
sulphuric acid on copper turnings.

Cu + 2H,80, = CuSO, + S0, +
2H,0.

Properties of Sulphur Dioxide

I. Heavy.

2. Colourless.

3. Very soluble in water.

4. Extinguishes a lighted taper.

5. Bleaches straw and silk in the
presence of water, The gas is a useful
disinfectant,

CHAPTER XI

DENSITY

HE density of a substance is its

mass per c.c. or per cubic yard or

per cubic foot, etc.
Thus it is the — >
volume
If the weight of a body is 6 grm. and
its volume is 2 cm., its density is
3 grm. per c.C.

(grm. per c.c.).

To find the Density of a Glass Stopper

Weigh the glass stopper on a chemi-
cal balance. Now find its volume by
means of a measuring jar, and so cal-
culate its density.

Find the density of sand in the same
way ; a fairly large quantity should
be taken. Why ?

A very convenient method of finding
the density of a liquid is by means
of a density bottle of known volume.
Fill with liquid, find its weight, and
hence calculate the density.

Specific Gravity
The specific gravity of a substance is

the weight divided by the weight of
an equal volume of water.

The specific gravity is numerically
equal to the density of a substance,
but 1s expressed as a number. It is
really a number of times. It is a very
easy matter to find the specific gravity
of a substance like turpentine or
methylated spirits by means of the
specific gravity bottle.

W, = weight of bottle filled with
water.

W, = weight of bottle filled with
spirits.

W, = weight of bottle empty.

Then the specific gravity of spirits =

W, — W,

W, — Wy

To find the Specific Gravity of a Liquid
which does not mix with Water

Bend some tubing to the form of a U
(Fig. 45). Pour in some water and then

some iurpentine, for example. Read
the heights above the common level
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To find the Specific Gravity of a Liquid
which mixes with Water

Use the modification of the U-tube
as shown (Fig. 46). Measure the
heights above the levels in the beakers.
The same reasoning applies to calcula-
tion using this method.
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The Hydrometer

This is an instrument for measuring
the specific gravities of liquids. Some
instruments give a direct reading and
others necessitate calculation. A
special form of hydrometer is used in
determining the density of milk; an-
other form is used by medical men.

CHAPTER XII
MECHANICS

The Centre of Gravity of a Body

HE centre of gravity of a body is

the point at which its weight

may be supposed to act. In
simple objects we may determine the
centre of gravity by determining the
point of balance.

Cut out an irregular piece of card-
board and balance it over an edge of
a triangular prism, for example. Mark
the line of contact. Now place the
cardboard in a different position over
the edge and again balance; again
mark the line of contact. The point
at which these lines intersect is the
point of balance (Fig. 47).

Find the centre of gravity of a card-
board triangle, square and rectangle.

To find the C.G. of an L-shaped Wire

Suspend from a point by means of a
piece of weighted cotton, and tie cotton
to the arms when the wire has come
to rest. Repeat this for a different
position. The cottons cross to the
C.G., which is outside the body itself
(Fig. 48)-

Points to be Considered

1. Where is the C.G. of a rod (uni-
formj ?

2. Where is the C.G. of a tram-car ?
When will it topple over ?

3. Should the C.G. of a vehicle be
high or low?

Levers

1. Arrange a lever as in the sketch
(Fig. 49), supporting it in the middle
on the edge of a triangular prism.
Attach a weight of 50 grm. to any point
A and find a point B such that another
weight of 50 grm. suspended from B
restores the balance. Measure PB.

2. Now vary weights W; and W,
and take distances PA, PB, when
balance is restored. Repeat this for
various weights and enter your results
as shown below (Fig. 50). The point
P is the fulcrum of the rod.

Moments (Fig. 51)

The moment of a force about a point
is the product of the force and the
perpendicular distance of its line of
action from the point.
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Suppose we take the fulcrum at any
point in the rod between the middle
and the end.

Example (Fig. 52)

A uniform rod r metre long has a
weight of 100 grm. hanging from one
end, and is supported 40 cm. from the
end. If the rod weighs zo grm., what
weight will be needed at the other end
to restore the balance ?

Let x be the unknown weight.

Moment of weight x about B = 6o
X z.

Moment of the rod’'s weight about
B =20 X 10.

These both tend to turn the rod in
a clock-wise direction. Now moment
of 100 grm. about B = 100 X 4o0.

This tends to turn the rod in an
anti-clockwise direction, but as the
rod is balanced, the turning eftects are
equal.

.. 60 x + 200 = 4,000
6 x =380
z = 633 grm.

Perform an experiment similar to
this with the apparatus at your dis-
posal and observe if the theoretical
calculation bears out the practical
result.

Pulleys

Examine a pulley and distinguish
the three parts—pulley, axis and
block.

MODERN TEACHING

The Single Fixed Pulley (Fig. §3)

If P is the effort and W the weight,
then by taking moments about O
PxOA=W X OB
but OA = OB
- P=W

and Mechanical Advantage = < =1,

ol

The Single Movable Pulley (The Crane)
(Fig. 54)
If W, = weight of lower pulley
W, = weight lifted
and W =W, 4+ W,,
then W = 2P, for W is supported by
two strings.

.". Mechanical advantage = \I’)_V

2P
P
2

I

A System of Pulleys (Fig. 55)

ILet the strings be pulled by a
force P. Then the tension throughout
is P, so that if W is the weight of lower
block, pulleys and weight,

then W =57P
{as five strings support lower block) and
Mechanical Advantage = 5.

Then it is possible to devise many
systems of pulleys to increase the
mechanical advantage.

The sketch as shown is a convenient
means of representing the crane in which
the pulley block contains several pulleys
on the same axis.

NoTB.—It should be yemarked that the figures velating to the Sciemce Section are numbered
sndependenily of the other sllustrations in the volume.
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SECTION III

SCHEMES OF WORK

NATURE STUDY FOR

OUTLINE SYLLABUS

INFANTS AND STANDARD I
THE same as that recommended

for the urban school.

STANDARD 11

Spring and Summer

The awakening of life—opening of
buds (baby branches) ; plants springing
from the ground; return of Larks,
Crows, etc.; building of nests;
Chickens, Lambs. Insects, e.g. the
Fly comes out of sleeping case. The
sowing of seeds.

Excursions :

(1) To the school gardens (April).
(2) To the ponds and fields (May).

Growth of Grasses, Corn, etc. ; return
of the Swallow and other insect-eating
birds ; long, sunny days; activity of
birds and insects—Bees, Wasps, Butter-
flies; the coming of flowers, e.g.
Daisy, Primrose, Willow-herb, Hawk-
weed, Dandelion, etc.

Autumn

Ripening of seeds ; disappearance of
Summer flowers and the taking of their
places by seeds. Work carried out in
the gardens and allotments. Gathering
of migratory birds, e.g. Larks, Swallows,
Starlings, etc. Caterpillars become
pupe. Changes in the colour of the
landscape, in length of day, in tempera-
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ture. Disappearance of the Bat, Toad,
Frog, etc.

Excursions same as in summer.

Winter

Leafless and evergreen trees. Pupz
of Moths and other insects. The
‘““sleeping ”’ animals, e.g. Squirrel, Dor-
mouse, Bat, etc. Short days; snow,
frost, etc.

Throughout the year a simple tem-
perature chart should be kept by the
teacher, but reading should be made
by the children, and from this informa-
tion a simple record of weather condi-
tions may be compiled and exhibited
on the walls of the classroom. The
temperature chart should show outside
and indoor temperature.

Stanparp III
Spring and Summer

Dissection of seeds of Broad Bean
and Maize to show covering, food
supply, embryo and cotyledons.

Study of opening buds, e.g. Horse-
chestnut, Beech, Lime, Syringa. Ger-
mination of Beans and Maize in class-
room and garden.

Development of Frog spawn. Excur-
sions to show the gradual awakening of
life :

(1) To the school gardens.
(2) To the ponds and fields.

Further study of the growth of

Beans and Maize. Study of flowers—
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devices for opening and closing and
for attraction, e.g. Dandelion, Tulip,
Viola, Daisy, Mignonette. Disposition
of leaves on the Ivy, Ash, Horse-
chestnut, Primrose, Daisy, etc. Life-
history of an insect treated simply,
e.g. Cabbage White Butterfly, Silk-
worm.

A second excursion covering the same
ground, noting changes.

Autumn

Study of fruits and seeds—Orange,
Apple, Cherry, Hip, Haw, Plum,
Hazel-nut, Ash, Oak, Sycamore, Lime,
etc.  Dispersal of seeds by wind,
animals or birds, e.g. Dandelion, Syca-
more, Lime, Burdock, etc.

Caterpillars going into the pupa
stage (examples from the school gar-
den).

Excursions as in spring and summer
—harvesting, plant protection, e.g.
Hawthorn, Thistle, etc. Autumn tints,
fall of leaf.

Winter

Dormant plant life—study of buds
of Horse-chestnut and Beech or Syca-
more, also rhizomes of Iris, Couchgrass
or Mint. Corms and bulbs.

Frost—effect of frost on soil and
vegetation. Snow as a protective
agent.

Excursions as before.

Temperature and weather charts
may gradually become more compli-
cated. Direction of winds, etc., outside
and indoor temperature. Effects of
temperature on plant and animal life.

STANDARD IV
Spring and Summer

Germination of Kidney Bean, Wheat,
Peas, Mustard and Cress. Dissection of
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seeds to show embryo and food supply
(cotyledons).  Continuous study of
Wheat, Peas, etc., with plants grown
in school and in the school gardens,
Study of the opening buds of Horse-
chestnut, Ash and Lime. Catkins of
the Hazel, Willow and Poplar.

Development of a Frog from spawn ;
changes to be noted by the children,
in no case by the teacher.

Life-history of a bird; chief birds
found in the district to be dealt with
in outline.

Excursions to observe the gradual
awakening of life :

(1) To the school gardens.
(2) To the ponds and fields.

Further study of the growth of
Wheat, Peas and Maize. Study of
flowers—devices for opening and closing
and for insect attraction, e.g. flowers
of the Lime, Horse-chestnut, Dande-
lion, Daisy, Tulip, Viola, Scarlet Pim-
pernel and Mignonette. Disposition of
leaves on trees studied earlier and also
of the Daisy, Primrose, Pimpernel, etc.,
to secure the maximum amount of
light.

Life-history of an insect, e.g. Tiger
Moth or Cabbage White Butterfly, the
Caddis-fly or Water Boatman.

Bird Life—Summer visitors—the
Swallow and Cuckoo; methods of
flight, food, interesting details of their
life-history.

Excursions as before, attention being
directed to the changes—reasons.

Autumn

Study of fruits and seeds—dispersal
by wind, animals, birds, etc. Winged
seeds of Sycamore, Lime, etc. Seeds
of the Thistle, Dandelion, Avens,
Goosegrass, Burdock, the Apple, Plum,
Walnut, etc.
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Excursions as in spring, noting
harvesting of crops, autumn tints, fall
of leaf, plant protection, e.g. Haw-
thorn and Thistle.

Winter

Dormant animal and plant life.
Study of buds. Rhizomes of the Iris,
Couch Grass, Mint, etc. Runners of
Creeping Crowfoot, Strawberry. Life-
history of a bulb and corm.

Frost and its effects on vegetation.

Birds—winter visitors. Economic
value of birds.

Temperature and weather charts
should be kept throughout the year
showing outdoor and indoor tempera-
ture at stated times in the day—direc-
tion of the winds and general observa-
tions on the weather.

STANDARD V

Spring and Summer

Seed structure and germination;
conditions necessary for germination.
Function of root and shoot. Special
study of Catkins, Coltsfoot and Butter-
bur,

Development
Water Beetle.

Detailed study of the Potato—
grown in school and in the garden.
Experiments in disbudding (removing
the eyes).

Excursions to the fields and pools to
observe the awakening of life—to the
school gardens.

Co-relation of plants and insects—
Parts of a flower and their uses (protec-
tion, attraction and seed production).
Experiments in plant nutrition.

Life-history of the Frog, House-fly,
Cabbage Butterfly.

of Caddis-fly and
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Bird Life.—Beak formation and food.
Economic value of birds briefly and
simply stated.

Further excursions—special note of
the struggle for existence in the ponds
and hedgerows.

Autumn

Seeds and their dispersal; special
mechanism of shooting seeds, e.g.
Broom, Violet, Herb-Robert, etc.

Modification of epidermal hairs and
leaf branches, etc., to provide means
of climbing or protection, e.g. Pea,
Bramble, Ivy.

Penknife sections to show structure
of stem. Simple experiments in tran-
spiration, respiration and assimilation.
Starch and sugar.

Experiments in protective colouring
(Frog and Stickleback).

Experiments to prove the resting
stage of seeds.

Excursions as 1 spring, changes
noted.

Winter

Experiments to show :

(1) How a soil is formed.

(2) Movement of water in soil.

(3) Drainage and aeration.

(4) Water as a solvent and food
carrier.

(5) Composition of air, shown by
rusting, burning (phosphorus or
candle over water under an inverted
jar) and breathing.

Excursions to school gardens to ob-
serve differences in soil and subsoil.

Pupils in this division should be
encouraged to keep weather and tem-
perature charts for themselves, noting
the prevailing winds, etc., using make-
shift apparatus fixed by themselves
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in the playground or in some easily
accessible place in the vicinity of the
school.

STANDARDS VI AND VII—GIRLS

Spring and Summer

Piant Life—Examination of 1

(1) Seedling Bean and Wallflower,

(2) The stems of Sunflower, Sweet
Pea, Oak, Bamboo, Wheat, Onion
and Crocus.

(3) Roots of Grasses, Dahlia, Bean,
Carrot and Turnip.

(4) Underground stem of Solo-
mon’s Seal, Iris, Primrose, Mint and
Willow-Herb.

Experiments in germination—water
cultures.

Buds.—Origin and position on a
stem. Adventitious buds; means of
protection from cold. Apical growth,
cf. root cap.

Animal Life—Life-history of the
Frog or Toad.  Life-history of the
Earthworm.

The Flowering Plant.—General fea-
tures, root and shoot. Various forms
of roots ; root cap. Stem structures—
underground stems. Hair structures,
Leaf stipules; scale leaves; buds;
flowers. Essential differences between
root and stem (external). Nodes and
leaf arrangement. The leaf; various
forms of leaf ; chlorophyll; function of
leaves, etc. Transpiration and respira-
tion. Arrangement of tissue in the
leaf (penknife sections and also micro-
scopical sections).  Experiments to
show the action of chlorophyll in sun-
light. Nutrition—carbon dioxide ; as-
similation of carbon dioxide by green
parts. Dissection of flowers of the
Natural Orders Coniferz, Liliacew,
Primulacez and Composite.
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Autumn and Winter

Syllabus of Lessons on Live Stock,
Poultry, etc.—A brief account of various
breeds of Cattle, Sheep, Horses and
Pigs; their origin and suitability to
various soils, climates and localities.

The management of the various
breeds of live stock. The feeding and
management of Dairy Cattle; the
secretion of milk and its management.

Farm crops and Grasses; their
distinctive characters and uses.

The rearing and general management
of poultry.

Bird Life.—~Economic value of birds
treated simply and generally.

STANDARDS VI axD VII—Bovys

Spring and Summer

Soils.—The obvious constituents of
soil—stones, roots and earth; stones
of different kinds and sizes; micro-
scopic particles ; airand water in soils ;
separation of particles of different
sizes ; sand, clay, humus, limestone.
Sour soils. Plant food-—conditions of
growth ; constituents of plants.

Fruit Trees. —The distinguishing
characters of the various kinds of
fruits ; the methods of propagation ;
methods of pruning and training; soil
and planting; gathering and packing
of small fruits.

Common Diseases and Pests of Fruit
T'rees.—~1dentification of various diseases
and pests; brief life-history ; conditions
conducive to disease and vice versa.
Preventive and remedial measures.

Vegetables—The identification and
characteristics of the more important
vegetable seeds. The identification and
grouping of vegetables; methods of
cultivating ; recognition and treatment
of diseases and pests.
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A demonstration on the simple im-
plements of agriculture; the plough,
harrow, etc., together with a brief
account of modern agriculture and its
development from early times.

Autumn and Winter

Live Stock, Poultry, etc.—A brief
account of the wvarious breeds of
Cattle, Sheep, Horses and Pigs; their
origin and suitability to various soils,
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climates and localities. The manage-
ment of the various breeds of live
stock. The feeding and management
of Dairy Cattle; the secretion of milk
and its management.

Farm crops and Grasses ; their dis-
tinctive characters and uses.

The rearing and general manage-
ment of Poultry.

Bird Life.—Economic value of birds
treated simply and generally.
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DETAILED SCHEME OF WORK FOR THE URBAN SCHOOL

The following Scheme of Work con-
tains not only a Syllabus, but a practical
plan for carrying out Nature Study
Work in an Urban or a large Country
School. In some cases details of experi-
ments are given, but in the parts
dealing with subject-matter to be
found earlier in this volume, bare out-
lines only are given. The whole scheme
closely follows the latest ** Suggestions ™
of the Board of Education.

The subject-matter has been arranged
so that even the inexperienced teacher
should be able to make a success of
the lessons. Practical teaching experi-
ence has been combined with the
‘“ Suggestions,” and every expcriment
given has been personally carried out
in Elementary Schools by the Author.

Where gardening is taught, every
opportunity should be taken to com-
bine class work with outdoor work.
The garden should be regarded as an
outdoor laboratory.

EDUCATIONAL YEAR BEGINNING
APRIL 1sT

INFANTS 5 TO 8 YEARS

In the Infants’ Department all
lessons on Nature Study should be of

either a conversational or an expres-
sional type. They should afford oppor-
tunities for appreciation of Nature and
for interesting expression of ideas in
specch, writing, drawing, colourings or
other forms of handwork. Only the
broader and simpler aspects of each
topic should be dealt with in this
department, the aim being to provide
material on which the innate curiosity
of the children can have full play.
The idea *“ to see and admire, not harm
and destroy,” should be firmly fixed
in the children’s minds at this period
of school life; most cruelty arises
through ignorance.

In the early stages the lessons should
satisfy the interest in living things,
no attempt being made to formulate
rcasons, or to give any. Any explana-
tions should be simple.

The growing of bulbs and corms
in flower-pots and water glasses; the
development of buds of twigs in water ;
the feeding and care of the inhabitants
of an aquarium ; the attention neces-
sary for the keeping of a Flower Table,
so arranged that it is in itself a record
of seasonal changes; the Bird Table
and its visitors; all these help to
stimulate the interest of the children.
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The following indicates, in a general
manner, the topics which will prepare
the scholars for more detailed work in
the upper departments.

Spring and Summer

Nature awakening ; longer days and
warmer weather; Hazel and Willow
Catkins; opening of buds and the
coming of leaves; the budding and
blossoming of flowers ; the singing and
mating of birds ; the coming of Lambs
and other young animals; the return
of Bees, Butterflies, etc.

The work in the gardens; preparing
the soil, sowing the seeds; the care of
plants in the classroom and in flower
borders.

The growing of seeds such as Broad
Beans and Peas in sawdust and soil.

Changes in outdoor activities ; more
games played, marbles, spinning tops,
etc.

More warmth from the sun, not
much need for large fires ; less artificial
light needed.

Development of Frog spawn.

Flowers of various kinds observed ;
the seeds they form.

A Nature Walk is a necessity for
young children. Where possible, the
school garden should be visited fre-
quently.

Autumn Term—September to Christmas

Shorter days and cooler weather;
Autumn tints, leaf-fall ; trees, flowers
and insects preparing for winter.

Harvest time—the gathering of
Apples, Pears, Wheat, Barley, Black-
berries, etc.

Need for more clothes; elementary
ideas as to sources of supply ; kinds of
clothes—the Sheep.
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Families of animals such as Rabbits,
Mice and Rats; their work and play;
preparation for winter.

Birds—not so many singing ; collect~
ing together of birds ; disappearance of
Swallows and Martins.

Winter Term—Christmas to March

Weather much colder ; shorter days ;
withered plants, leafless trees, evergreen
trees, the Mistletoe ; frost, snow and
ice ; warm coats of animals.

Effects of the wintry weather on the
blacksmith, plumber, shoemaker and
tailor.

Kinds of fruit available.

Visitors to the Bird Table; some
fresh kinds ; food of birds.

STANDARD 11

Spring and Summer Term—April to
July

The signs of the coming of spring;
an introduction made to the ther-
mometer ; temperature outside and
inside the classroom. Effect of tem-
perature on the known trees and
animals. The identification of one or
more trees by the bud arrangement,
branching, colour and characteristics
of the bark; devclopment of twigs in
the classroom. Work in gardens and
allotments. Where possible, a visit
should be paid to a garden. The
growing of seeds, such as the Broad
Bean, Pea, Mustard and Cress in saw-
dust, fibre or on damp flannel or blot-
ting-paper. If a small garden is not
available, the larger seeds should be
grown in flower-pots. (Pollination in
the latter case may be carried out
artificially.)

The simple flowers should receive
attention, and the technical terms,



NATURE STUDY FOR THE URBAN SCHOOL

sepals, petals, anthers and seed boxes
applied, e.g. the Primrose, Polyanthus
and Wallflower. The study of Frog
spawn should be more detailed than in
the Infants’ Department ; this should
be individual observational work, the
children observing the changes which
take place, the names spawn, or eggs,
and Tadpole, being given by the
teacher.

Conversational lessons on the de-
veloping spawn should be taken occa-
sionally in order to guide the observa-
tions into correct channels.

If an aquarium is available, the
Water Boatman, Water Snail and the
Caddis-fly larva will provide a source
of interest.

The life-history of a Butterfly or
Moth might also be dealt with. A
terrarinm is a necessity for this work;
a soap box with a glass {ront is quite
efficient. Caterpillars can be secured
by the children and their subsequent
changes noted.

Bird Life,—Observational work on
one or more common birds can be
carried out in this standard. The main
features of the Sparrow, Robin and
Blackbird can be observed.

Animal Life.—The external charac-
teristics of the Cat, Dog, Rat, Rabbit
and Mouse can be taken in this class.
This should form the outdoor activity
of the scholars working in teams,
Occasional lessons should be taken in
order to test observations or ensure
that such work is being done.

Autumn Term—September to Christmas

Ripening of fruits, dry and succulent
fruits compared, e.g. Nuts (Hazel and
Beech) and Blackberries, Apples and
Pears. Dispersal of winged fruits of
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the Sycamore, Mapleand Ash. Harvest
time—the gathering in of Wheat, Bai-
ley, Oats, Rye; storing of Potatoes,
Swedes and Mangolds.

Preparation for Winter —Thick coats
of animals; more clothes required by
man ; departure of the migratory birds.

General change in the character of
the landscape. Autumn tints and
lecaf-fall treated in a simple manner.
Changes noted in the terrarium ; Cater-
pillars forming chrysalides; cocoons
formed by a few types; others burying
in the soil.

The food supplied to man by animals,
insects and plants.

Winter—Christrnas to March

Effect of frost on vegetation—on the
soil—on bird and animal life.
Elementary study of water in its
three states. Ice and snow considered
as solid water, crystals compared.
Steam from the kettle—water vapour.
During this term when outdoor work
is prevented, Nature Stories should be
told to the scholars. They delight in
hearing of the lands from which
Oranges, Dates, Brazil Nuts, Coco-
nuts and such fruits are obtained, and
in this case, Geography and Nature
Study are intimately associated. The
care bestowed on farm animals during
winter forms an interesting topic.
The lives of wild animals such as the
Rabbit, Mouse, Rat, Squirrel, Dor-
mouse and Hedgehog provide further
interesting informative lesson material.
Bird life during this season should
be studied by the aid of a Bird Table.
The food of the various kinds can be
observed and the characteristics of one
or more kinds, such as the Robin,
Sparrow, Thrush and Blackbird, noted.



2eb

The winter condition of one or two
common trees of the district should
be considered. Specific work on the
identification and appreciation of trees
in the vicinity of the school should be
given as “ Team "’ or group work.
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Spring Term—April to July

General signs of spring; develop-
ment of buds ; Hazel, Willow and Alder
Catkins. Spring flowers, the Dafiodil,
Tulip and Hyacinth.

Germination.—The conditions neces-
sary for this process, treated experi-
mentally. The general structure of a
seed discovered—a seed being con-
sidered as a small plant packed closely
inside a case or seed coat. Three types
of seed selected from the Broad Bean,
Pea, Vegetable Marrow, Gourd, Lupin,
Acorn, Sunflower, Horse-chestnut and
Beech to be considered in detail
Experiments to show that air, moisture
and warmth are necessary for germina-
tion ; others to show that neither light
nor soil is essential.

Experiment 1.—Seeds in dry sawdust
or fibre in the classroom.

Experiment 2.—Seeds in moist saw-
dust or fibre in the classroom.

Experiment 3.—Seeds in moist saw-
dust or fibre containing ice.

Experiment 4.—Seeds in moist saw-
dust or fibre kept in the dark.

Experiment 5.—Seeds in soil sur-
rounded with ice.

Experiment 6.—Seeds in dry soil.

Experiment 7.—Seeds in moist soil
in the classroom.

Experiment 8.—Seeds in moist soil
outside the classroom.

Experiment 9.—Seeds suspended over
water in a glass jam jar.
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Experiment 10.—Seeds suspended
over water, without access to air.

Experiment 11.—Seeds in water with
access to air.

Experiment 12.—Seeds in water with-
out access to air.

Nos. 2, 7, 9 and 11 to demonstrate
that moisture, air and warmth are
essential.

Nos. 3, 5 and 8 to demonstrate that
warmth is necessary.

Nos. 10 and 12 to demonstrate that
air is necessary.

Nos. 1 and 6 to demonstrate that
moisture is essential.

No. 4 to prove that light is not
necessary in the early stages (cf. seed
sowing in the gardens).

The development of the seeds in
sawdust and soil should be carefully
recorded ; the cotyledons of some are
epigeal and others hypogeal.

Outdoor Activities.—The cultivation
of the school garden or an allotment ;
the 1mmplements used by the gardener,
such as the spade, fork and rake. An
attempt should be made to discover
the reason for breaking up the soil.

The life-history of a simple plant
such as the Primrose, Chickweed or
Meadow Cranebill should be studied,
attention being paid to:

(1) Rooting system—tap root, fibrous
root or rhizome,.

{(2) Leaves—size and shape.

(3) Flowers—colour and number of
petals, anthers, etc.

{4) Fruit.

A rcal or an imaginary visit to a
farm ; the recognition of fields, animals,
implements, fruits and grain ; the two
great classes of food which come from
the farm—animal and vegetable. An
elementary notion of the town reactions
towards problems of food, clothing and
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shelter as compared with those in the
country. Much of the work can be
regarded as the individual observational
work of the scholars. In these days of
cheap motor excursions, the majority
of children visit country districts during
the late Spring or early Summer.

Bird Life.—A more detailed study of
a resident bird than was possible in
Standard II. The Blue Tit and Hedge-
sparrow are familiar types ; the Black-
bird, Thrush and Starling can be con-
sidered as alternatives.

Pond Life.—A visit to a pond should
be arranged if possible. Various speci-
mens can be secured in May, such as
the Brown Beetle larve and the Caddis-
fly larve; the adult Water Beetle
should also be obtained. Particular
attention should be called to the
respiration of the specimens observed
through the agency of an aquarium,
The inhabitants of an aquarium should
be returned to a pond before the
summer vacation.

Autumn

A continuation of broad general
appreciative interest in Nature., Fruits
of various kinds should be studied and
an introduction made to dispersal,

The fruits of a few trees, such as the
Sycamore, Maple, Ash and Lime, should
be taken as indicating wind dispersal.

Small plants having parachute
mechanism, the Dandelion, Groundsel
and Thistle. (N.B.—With Standard I1I
it is advisable to keep to one method
of fruit dispersal) Selected examples
of fruits should be mounted on card-

board, the names and a few particulars
being written by the side, and placed
in a position where they can be studied
by the children. An attempt can be

THE URBAN SCHOOL

made at this stage to distinguish a
“ fruit ” from a * seed.”

Hayvest Time.—Early in the Autumn
term, a Nature Walk to the outskirts
of the town is advisable. The gathering
in of crops such as Wheat, Barley and
Oats; the storage of Potatoes, Apples
and Pears; the gathering of Black-
berries, Raspberries, Damsons and
Plums should be observed, and the
methods employed for preserving fruits
for use later on might be dealt with
in a simple manner.

Insect Life—A small collection of
Caterpillars should be made and fed
in a terrarium. The Cabbage White
Butterfly larve and the Woolly Bear
(caterpillar of the Tiger Moth) are useful
types for work of this description. In
school the change to the pupal stage
is reached much earlier than under
natural conditions.

Bird Life—This should be regarded
as a continuation of the Spring term.
Note should be taken, however, of the
gathering together of the migratory
birds, e.g. Swallows and Martins,

This section can be regarded as the
outdoor activities of the scholars in
districts where a Nature Walk cannot
be arranged. Autumn tints and leaf-
fall should be treated in a simple
manner ; leaves collected and compari-
sons made.

Drawing and painting should be
closely corrclated at this period of the
Nature Study Scheme.
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Winter

The resting stage in plant life.
Further consideration of the roots of
plants studied in the spring, eg.
Primrose. Other types examined for
coniparative purposes, such as the Iris,
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Dandelion, Daisy, Michaelmas Daisy
(Aster), Coltsfoot, Wild Carrot, Hog-
weed, Couch Grass, Parsnip and Turnip.
The class should reach the conclusion
that there are several ways by which
plants “ rest '’ during the winter,

(1) Trees, having thin leaves, cast
them off during the Autumn.

(2) Some plants die, leaving “ seed '
to carry on the race.

(3) Other plants have food stored in
the roots and remain dormant during
the cold weather.

Animal Life.—The care taken with
farm animals provides an interesting
topic. Informative lessons might be
given on the dormant condition of the
Frog, Toad, Snails and the Dormouse.

Goldfish could be kept in the
aquarium throughout the winter.
Water Snails also form an interesting
study.

Bird Life—The identification of the
various birds by the general build,
methods of flight, characteristic move-
ments, etc., will provide outdoor obser-
vational activity. The food supply of
the resident birds should receive de-
tailed consideration, an attempt being
made to find out the order in which
fruits are used. Hedgerow fruits, such
as Blackberries, Hips, Haws, Honey-
suckle berries and the small fruits of
the Dead-nettle, Thistle, Plantain,
Groundsel and Ragwort are used by
the majority of birds, the order varying
somewhat with the kind of bird con-
sidered.

Frost and its Effect on Vegetation.—
Water in its various forms—rain, snow,
sleet, ice, vapour, surface and ground
water ; springs and wells ; evaporation
and consequent purification; forma-
tion of clouds,

During this term informative lessons
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giving a simple idea of the way in
which man has made advance in using
the gifts and forces of Nature might
usefully be taken. Correlate the know-
ledge gained through history lessons of
the habits and customs of the early in-
habitants of this country and compare
with the conditions at the present time.
The cultivation in fields of grasses
such as Wheat and Barley provides
bread; the keeping of animals in
flocks and herds, such as cattle, to
supply milk (butter, cheese), flesh food
and leather; sheep to supply warm
clothes as well as meat; the uses
made of birds for the supply of eggs,
feathers for cushions, beds, and the
flesh for food ; domesticated animals
such as the Dog and Cat, regarded as
the servants of man.

StaNpArRD IV
Spring Term

Whatissoil? This might be an under-
lying consideration for Standard IV and
Standard V. Man’s work with the soil ;
elementary ideas on soil formation and
its constituents—sand, clay and humus.
Experiments to show the size of the
various particles, mechanical analysis
of soil and subsoil. Movement of water
in the soil—capillarity. Elementary
ideas of the materials dissolved in soil
water. The inside of a kettle becomes
coated with “fur.” Why is this?
Well-known substances which will dis-
solve or remain suspended in water
might be examined, e.g. common salt,
nitrate of soda, saltpetre, alum, sand
and clay. The difference between sub-
stances in suspension and soluble
substances. Starch and sugar com-
pared. The iodine test might be intro-
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duced. Rhizomes of the Iris, Solomon’s
Seal, the Crocus corm, Wheat and
Barley and the Potato examined and
tested for starch.

The main features of the Standard
IV Syllabus are the linking up of the
elementary work carried out in the
lower part of the school and a prepara-
tion for the more intensive study of
the plants in relationship with the soil ;
the friends and enemies of man found
in the insect and animal world, which
will be dealt with in the upper classes.

Germination.—Seeds sclected from
the Sycamore, Horse-chestnut, IPeas
and Acorns, might be examined and
the iodine test applied. This test is
best accomplished by soaking the seeds
in water, pounding in a mortar and
placing a little in a test-tube with
water, and then adding iodine.

Effect of Light on Germination and
Growth—Germinate the selected seeds
under conditions similar to those given
for Standard III. In addition, the
following will be useful :

(@) Keep one set of seeds in flower-
pots, continually in the dark; keep
moist with distilled or boiled rain water.
Examine from time to time. Use a
similar set of seeds, but kept in the
light.

(6) Suspend other seeds over distilled
water,

(c) Similar seeds over tap or well
water.

The class will not be expected to

understand the reasons for the results
of these experiments, but a valuable
line of study will be opened out.

(@) The leaves and stems of the
plants grown in the dark will be a sickly
yelow. Growth soon ceases. (Com-
pare with the ones grown in the light.)

{6) Over distilled water, germination

IV—14
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continues until the reserve food material
of the seeds is exhausted ; the plants
ultimately turn a sickly yellow colour
and die.

(¢) Over tap or well water, the plant
will grow well and continuously.

Germinate Wheat or Barley in a
flower-pot. When about 3 inches high,
place the pot at one end of a long
closed box having a hole about { inch
in diameter at the opposite end, the
only aperture for light to pass through.
Examine plants on the fourth morning.
Turn the pot completely round and
compare the results after three days.

Flower Study.—A more detailed study
of hypogynous flowers should be under-
taken in this class. The members of
the Natural Order Ranunculacee will
provide sufficient variety, or members
of the Crucifere, such as the Wall-
flower, Arabis, Shepherd’s-purse, Jack-
by-the-hedge, Hedge-mustard and
Charlock. Keeping to the latter order,
several interesting features can be
found by observation : technically the
Shepherd’s Purse and Charlock are
annuals, the Wallflower a biennial, the
Arabis a perennial.

Alternately, members of the Butter-
cup Family, Ranunculace®, will pro-
vide useful work (Lesson Notes).

Bird Life—This should form the
outdoor observational activity of the
class throughout the year. Teams or
groups should study the form, structure
and habits of particular birds. Lessons
collating the observational work might
be taken monthly, or composition based
on bird life given vccasionally.

Pond Life—The carnivorous larve
should receive attention. Early in
June a “ fishing "’ expedition to a pond
should be arranged and specimens of
the Brown Bectle (Dytiscus marginalss)
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secured. The methods of breathing and
feeding can be studied in an aquarium,
tadpoles and small fish or small
pieces of meat being used for food.
Specimens should be returned to the
pond before the vacation.

Autumn

Poisonous fruits should receive special
attention. Fruits and fruit dispersal
can be taken in more detail, selections
being made to illustrate :

(1) Wind dispersal—Thistle, Dande-
lion.

(2) Animal
Cleavers.

(3) Mechanical devices :

(@) Laburnum, Gorse—twisting of
the pods.
() Meadow Cranebill and Herb-

Robert—catapult mechanism.

(¢) Violet and Pansy——drying of
the capsule.

(4) Dispersal by birds—Strawberry,
Hip, Raspberry, etc.

Harvesting. —The methods of storing
grain crops; threshing, winnowing,
milling, might be considered as material
for informative lessons.

Leaf-fall and autumn tints. Why
do the leaves fall from the trees ?

Animal Life.—The life-histories of
wild animals, such as the Squirrel,
Rabbit, Hare, Rat and Mouse, treated
if possible as observational work.
General structure of the Rabbit and
Rat taken in class, using a tame live
specimen. Position of the eyes noted ;
special adaptation of teeth for gnaw-
ing; legs and feet suitable for quick
running and scratching ; covering, etc.
Simple information lessons on value to
the community or otherwise.

Insect Life—The life-history of larvae

dispersal — Burdock,
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to be considered. Specimen Cater-
pillars of the Hart and Dart Moth,
Leather-jacket and Cabbage Moth
should be secured and placed in a
terrarium, the subsequent changes being
noted.

Bird Life.—The resident birds, such
as the Wood-pigeon, Starling, Crow,
Red Grouse and Sparrow-hawk, might
be considered at this period ; the kind
will vary greatly with the district.
The general structure of a bird should
be considered as a class subject, the
ordinary domestic fowl being used for
demonstration purposes. When avail-
able, the Bantam is an easily handled
subject, or a Pigeon will serve the
purpose equally well. A feather from
a dead specimcn should be examined.
Towards Christmas no difficulty should
be experienced in securing the necessary
examples.

Winter

The dormant condition of plant life.
IEZxamination and dissection of the buds
of the Horse-cliestnut, Beech and
Willow. The arrangement of the buds
on the twigs and identification of the
trees dealt with by the shape, size and
structure of the buds and the bud
arrangement. Forced growth of buds
of Syringa (Lilac), Horse-chestnut and
Willow in water in the classroom,

Dissection of the Onion bulb; forced
growth in school to discover the func-
tions of the various parts.

The Atmosphere—Its existence,
weight and compressibility. The Baro-
meter and Boyle’s tube. Experiments
to prove that air occupies space, has
weight, expands when heated ; cold air
is heavier than warm air, The con-
stituent gases of the air—oxygen,
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hydrogen, a small amount of carbon
dioxide and nitrogen. Carbon dioxide
from the lungs turns lime water milky.
Similarly when a candle is burned in
a closed jar, CO, is evolved.

Simple lessons on carbon, as a con-
stituent of wood, coal, peat, starch,
charcoal and graphite. Produce CO,
from shells, chalk, etc.

STANDARD V
Spring Term

Revision and extension of the study
of the air. The formation of oxides
when metals are heated in air. A
candle burnt in air over water uses
up one-fifth of it ; use the lime-water
test to prove the presence of CO,.
Germinate seeds in a closed jar con-
taining a test-tube of lime water;
carbon dioxide is evolved and turns
the lime water milky. Set up an experi-
ment to show that in sunlight oxygen
is given off by the lcaves of plants.
The common Water Weed, Elodea cana-
densis (Canadian Pond Weed), is the
most suitable for the purpose. Place
a few healthy branches in a large jar
of water; insert over them a glass
funnel and over the latter a test-tube
filled with water. Stand the apparatus
in the sunlight and notice that bubbles
of gas are given off and collect in the
test-tube. What is this gas? Repeat
the experiment, but place the apparatus
in the dark—no action takes place.

The Change during Germination
(starch to a soluble substance).—Ger-
minate Barley or Wheat on damp
blotting-paper and allow to grow
until the plumule is -1 inch in length.

(1) Pound soaked grains in water,
filter and test filtrate for starch.
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(2) Pound the grains which have
been allowed to germinate, in water,
and test a portion for starch.

(3) Use Fehling’s Solution (obtained
commercially) on a portion of the
filtrate, for sugar.

Repeat experiments several times,
using various starchy seeds. The con-
clusion for the class to arrive at is:
That in growth the reserve insoluble
starch in seeds, under favourable con-
ditions, is changed to a soluble sub-
stance giving a sugar reaction.

The further study of plant life should
be carried out—root and shoot system,
leaves, shape of leaves, flowers, special
attention being paid to the Natural
Order Composite—Dandelion, Ground-
sel, Daisy, Ragwort ; or the Rosacee—
the Plum, Buckthorn, Wild Rose,
Strawberry, Bullace, Crab, Apple and
Pear.  Pollination and the agencies
effecting this can be studied at the
same time.

The study of Bees and Wasps re-
garded as outdoor activities.

Autumn

Fruits and seeds—classification of
fruits into :

(1) Succulent fruits.

(2) Dry indehiscent.

(3) Dry dehiscent.

One or two varieties dealt with in
detail, special attention being paid to
the fruits resulting from the flowers
studied in the summer.

Animal Life—A detailed study of
the Dog. Kinds of Dogs, uses, etc.
The Wild Dogs, the Fox being specially
considered. The study of the Cow and
Sheep (ruminants); general structure,
value to the community, etc.

Snails and slugs studied by means
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of a terrarium, Hibernation may not
take place under artificial conditions,

Insect Life—By means of a second
terrarium, the life-history of one or
more pests might be studied. The
Codlin Moth or the Winter Moth pro-
vides excellent work at this period. As
outdoor observation, the class might
try to discover why “ grease bands”’
are placed round the trunks of fruit
trees.

Bird Life—The gathering together
of migratory birds ; dates of departure ;
value of such birds to the country.
The resident birds which are protected
by law and rare birds of the district to
receive consideration.

Further study of the anatomical
structure of birds and an elementary
idea given of the classification :

Perchers.

Runners.

Waders.

Insect eaters.

Seed eaters.

Flesh eaters.

Winter

The effect of frost on soil, vegetation,
animals and man; the weathering of
rocks., Further work on soils; light,
heavy and loamy soils compared for
water-holding capacity. Humus in
soils and its value. Winter treatment
of soils and the manuring of gardens
and allotments.

Resting condition of plant and animal
life. The dormant condition of seeds
(this varies considerably ; Wheat and
Barley will germinate immediately after
ripening ; Hawthorn berries two to
three years after production).

The composition of the atmosphere
and water revised.

The interaction of plant, animal,
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insect and bird life treated in accord-
ance with the knowledge possessed by
the children.

Man’s use of the gifts of Nature;
the care bestowed on animals and
birds; the protection of birds; their
value to the community; useful and
harmf{ul insects.

The value of the farmer and gardener
to the people in cities.

A general revision of the year’s work,
correlating as far as possible the work
carried out in the lower standards.

Throughout the year, temperature
and weather notebooks should be kept
by the scholars. These should show
outdoor and indoor temperatures, maxi-
mum and mimumum heights of baro-
meter, direction of wind, type of
weather and any personal observations
on plant, animal or insect life individual
scholars care to make. Records of bird
migration or details noted in the life-
history of resident birds should also be
kept.

STANDARD VI
Spring Term

The further study of trees should
include those which are of high com-
mercial value, e.g. the Oak, Elm,
Beech. The study of these three
should be regarded as team work, and
information sought in various quarters
as to the value and use of the wood ;
the woodwork centre might usefully
co-operate. The general winter ap-
pearance ; bud and bud arrangement ;
bark; type of branching, etc., will be
known. A study of the flowers, which
appear before the leaves, will form
interesting class work.

Germination Continued.—In this class
it is possible to carry out simple experi-
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ments dealing with respiration, tran-
spiration, heliotropism, etiolation and
hydrotropism.

Heliotropism.—The growth of stems
towards the light and roots from the
light can be discovered by the following
experiments :

(1) Sow Mustard seeds in two 3-inch
pots. When about 1} inches high,
place one pot in total darkness ; cover
the second pot with a box having a
hole bored in one side about level with
the top of the seedlings. Leave for
three days and then compare the direc-
tion of growth.

(2) Germinate Mustard seeds in saw-
dust. When the primary roots are
about an inch long, take one or two
seedlings, passing the roots through
holes in a strip of cardboard ; plug the
holes gently with cotton-wool to pre-
vent slipping. Place the cardboard
with the roots dipping into tap or well
water in a glass jar or beaker. Cover
the whole with a darkened box with a
hole in the side as in Experiment I,
Examine at the end of three days,
noting the position of the roots (these
will have moved away from the light).

Etiolation.—Germinate Peas, Beans
and Wheat in 3-inch pots in total
darkness. Such seedlings differ from
plants grown in the light. Show by
repeating experiment on heliotropism
how much more sensitive to light such
etiolated seedlings are than normal
Plants.

Hydrotropism—At the bottom of a
clear glass jar place a small damp
sponge. Lay the jar on its side and a
short distance from the sponge place
on a piece of cotton-wool a Bean
seedling with a well-developed tap root,
the growing point of which should be
about an inch from the sponge. Leave
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for a few days, and then notice that
the root has a tendency to grow
towards the moisture.

In Nature, two forces act on the
roots, gravity and hydrotropism ; the
direct influence of water on a main
root frequently overcomes the directive
influence of gravity if the two influences
are not working together.

Respiration—The respiratory pro-
cess of man should, at this stage, be
taken in the hygiene lessons. In any
case, the children should know that
carbon dioxide is exhaled. Plants
have no respiratory organs, yet they
need oxygen to develop. Revise the
earlier lessons on carbon dioxide.
Proceed as follows :

(1) Soak a handful of Peas in water
for twelve hours; allow to germinate
on damp blotting-paper for twenty-four
hours ; place in a wide-necked bottle
and cork tightly. As a ‘‘contro},”
cork a similar bottle.  Place both
bottles in a warm, dark cupboard for
twenty-four hours, after which time
test for the presence of CO, by intro-
ducing a lighted taper into the bottles.

(2) By inserting a test-tube of lime-
water into the bottle containing the
Peas, the presence of CO, can also be
demonstrated.

(3) Place the half-opened flower buds
of the Daisy or Dandelion in a wide-
necked bottle. Cork tightly and leave
for twenty-four hours; again test for
COs.

(4) By using expanding buds or
developing bulbs, the same results will
be obtained.

(5) Apply the same test to roots, to
prove that roots respire.

(6) Repeat procedure for Experiment
(1), but instead of closing the bottle
with a cork, arrange on a retort stand ;
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fit up with a rubber stopper and a bent
glass tube. Arrange the apparatus so
that the tube will be placed in a beaker
of mercury. Before dipping the tip of
the tube in mercury, slightly warm the
bottle with the hands. After setting the
tube in the mercury, allow to stand for
half an hour, then mark the height at
which it stands. Keep the apparatus
in a warm room and note the rise of
the mercury in the tube. Why?

Transpiration.—(1) Take leaves with
long petioles and broad, thin blades,
such as the Geranium or Lesser
Celandine. Place the cut lower ends
of the stalks in red ink; note the
coloration of the veins.

(2) Any plant in a pot will serve the
purpose of this experiment. Cover over
the soil with a sheet of india-rubber to
prevent evaporation from the soil
Balance the pot on a pair of scalesand
observe the loss in weight. Repeat
experiment on several days, noting the
effect of temperature changes.

(3) Germinate Oats in a flower-pot.
When about 2 inches high, place over
them a glass jar. Note the drops of
water on the tips of the leaves and the
moisture condensed on the sides of the
glass.

{4) Soak some strips of white blotting-
paper in a 5 per cent. solution of cobalt
chloride. Dry the strips and note the
blue colour. Breathe on dry strips
and again note change of colour; test
another with a drop of water. The
strips provide a delicate test for the
detection of water vapour. If a pot
plant is available—a Geranium is suit-
able-—attach a strip on either side of
a leaf, keeping paper flat by means of
glass covers. Transpiration will be
shown to be mainly from the underside
of the leaf.
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(5) A potometer will show the rate
of transpiration.

(6) Dip a Laurel leaf in hot water;
notice the bubbles which pass off.

Cut a leaf in two and place the cut
edge in water. Note the stream of
bubbles which pass off.

In dealing with the work of Standard
VI, the teacher must have lesson
material well prepared in advance,
otherwise progress will be slow,

Plant and Flower Study.—A more
detailed study of plants can now be
made. The common weeds will provide
sufficient material for work throughout
this term, and for individual obser-
vational activity during vacation.
Groundsel, Chickweed, Shepherd’s
Purse, Scarlet Pimpernel, May Weed,
Corn Marigold, Creeping Buttercup,
Poppy, Thistle, Nettle, Couch Grass
and Bracken are familiar weeds, and
from these, sclections typical of the
district should be made. What weeds
are, and their place in the plant world,
provides an intcresting course of study.

Autumn Term

The fruits of the selected weeds
studied during the summer should be
considered, special attention being paid
to the mechanism for dispersal.

Reproduction in the Vegetable King-
dom might be extended: rhizomes,
stolons, runners, tubers, tuberous roots,
bulbs and corms.

Animal Life.—A more detailed study
of the Horse: external features;
anatomical structure (see chapter on
Animal Life). The value of the Horse
to man; well-known breeds seen in
the district. Study of the Earthworm
by means of a terrarium.

Insect Life—The life-history of the
Wasp. In October or November secure
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a Wasps' nest and examine same for
construction.

Bird Life—Simple lessons bearing
on the economic importance of bird
life to the community, correlating the
knowledge gained in the lower part of
the school. The necessity for the Wild
Bird Protection Act; the effect of
fashion on bird life and the reaction
which necessarily follows.

Winter—Christmas to March

The weathering of rocks and the
formation of soils. Elementary infor-
mation lessons on the composition of
rocks and the agencies which bring
about their decomposition.

Plant life as an aid in the decompo-
sition of rocks. (Demonstrate this point
by growing seedlings with the roots
lying on a slab of marble—roots excrete
an acid.) The strength of roots, illus-
trated by walls built too near trees;
the pavement bent and broken by
growing roots.

Rain water contains carbon dioxide,
and hence assists in the washing out
from rocks of calcarcous materials.
The principle of osmosis dealt with
experimentally.

Winter condition of plant and animal
life. The identification of common
trees revised and lessons given on the
great forest lands of the world (corre-
lating Geography).

StanparD VII
Spring Term
An elementary knowledge of plant
anatomy should be acquired during
this term. Penknife sections with the
aid of a good lens are sufficient, but
where a low-powered microscope is
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available, the lessons are more effective.
For cell formation, a good starting-
point is Spirogyra, a unicellular plant
found floating on the surface of ponds
Divide a stiff leaf, for example Box,
Laurel or Fuchsia, as follows :

Boil the entire leaves in caustic
potash for about fifteen minutes. Re-
move a leaf with a pair of forceps and,
under cold water, cut off a strip round
the margin. With the aid of a needle
the leaf can be readily divided into
three parts, the upper epidermis, the
lower epidermis and the mesophyll.
The upper and lower epidermis are
each one cell in thickness, and with
the aid of a lens the construction can
be easily observed. The central portion
or mesophyll contains the wvascular
bundle and is several cells in thickness.
This portion can be separated with
needles, and the cells isolated. Some
will be cylindrical and others of various
shapes. The stringy portion or vascular
tissue cannot be easily examined,
except with a microscope.

The lower epidermis contains the
stomata and guard cells through which
air passes into the leaves and water
passes off. The work in Standard VI
will be of value at this stage. The
structure of stems, if a microscope is
not available, will be partly through
penknife sections combined with black-
board illustration. It will be necessary
for the teacher to explain the positions
of the various tissues, such as wood,
bast and cambium, e.g. water contain-
ing salts in solution is taken up by
means of the woody tissue, and food
material manufactured in the leaves
descends by means of the bast.

The main aim at this stage is to
treat in a simple manner the work of
the leaves in the formation of carbon
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compounds. Take a leaf from a plant
growing in a pot; a Geranium, Nar-
cissus or Tulip will serve the purpose.
Boil in water for a short time; drain
off the water and then cover with
methylated spirits. The green colour-
ing matter is removed. Test the leaf
for starch with iodine.

Early in the day cover a leaf of the
plant with tinfoil, leaving a part
exposed in the shape of a letter. Expose
the plant to light until the afternoon.
Remove the leaf; boil and decolorise ;
test with iodine; the letter should
give the characteristic starch reaction.
Even if the leaf is placed in warm water
and treated with iodine, on holding
the leaf to the light the letter will be
plainly seen.

Similar tests can be applied to
plants growing outside, e.g. a leaf of
a Primrose or Laurel can be covered
with cardboard, a letter or word having
been previously cut in the card. What
happens to the insoluble starch formed
in the leaves during sunlight is a
further problem for the class to
solve.

Early in the term water cultures
should be arranged. These will show
conclusively that carbon can only be
obtained from the air, yet with the
normal solution, the plant grows and
ultimately produces flowers and fruit,
The other nine elements essential for
the growth of plants will also be dis-
covered through such experiments.

Root-hairs and their value to the
plant ; pollination and a very elemen-
tary idea of fertilisation can also be
dealt with in this class. The develop-
ment of a pollen grain in a 5 per cent.
solution of sugar can be observed with
a lens. The main point for the class
to realise is that pollination is essential
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before ovules become seeds. The
agencies effecting pollination will pro-
vide useful observational activity. The
structure of a grass floret, Oats, Wheat
and Barley, compared.

Insect and Pond Life.—A more de-
tailed study can be made of the
breathing organs of larve and adult
Water Beetles by means of an aqua-
rium. Information has been given on
these points in the section on Pond
Life.

The study of a common fish, e.g.
Trout or Roach, can be carried out by
means of an aquarium. For the
anatomical structure Sprats or Herrings
might be used. The covering, respira-
tory organs, methods of swimming,
etc.,, are points easily within the
capacity of scholars of this class,

Autumn

The difference between fruits and

seeds ; elementary classification of
fruits: the achene, follicle, silicula,
capsule, pod, schizocarp, succulent

fruits such as the pome, drupe and
berry; the carbon content of seeds
connected up with the work of leaves.

The common Grass of the hedgerow ;
cultivated Grasses. (A collection of
Grasses should be made, mounted on
cardboard and named, the mounted
specimens being hung in the class-
room.)

Leaf - fall.—Correlate transpiration,
carbon fixation and the value of root-
hairs to show that the process is a
natural one. During the summer the
leaves have been hard at work manu-
facturing carbon compounds which are
stored in seeds, roots, stems, etc. ; the
machinery necessarily tends to wear
out; colder weather reduces the
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number of absorbing organs—the root-
hairs—transpiration therefore becomes
less; trees detach leaves by cutting
off the supply of food—formation of
‘ absciss ' layer.

The chlorophyll of the leaves becomes
decomposed and passes back into the
branches, some of it being stored in
the buds. When this movement begins,
the leaves begin to lose their greenness
and the other pigment becomes promi-
nent, giving the familiar autumnal
shades.

Evergreens have leaves capable of
withstanding frost. The outer cell walls
are thickened, giving the leaves a
more or less leathery appearance. With
most evergreens the main roots are
very deep and the root-hairs are not
greatly affected by frost. Transpiration
does not, however, proceed at the same
rate, yet, as such trees are specially
adapted to withstand hard weather,
there is no necessity for the removal
each year of their leafy coverings.

The Atmosphere.—Revise lower stan-
dard lessons on the composition of the
atmosphere ; the soil; plant structure,
particularly the formation and position
of the root-hairs—osmosis—the work
of leaves,

SCHEME OF WORK FOR

A scheme of work in Nature Study
for the small Country School is difficult
to frame. The size of such a school
may vary from 2o to 100 children, the
staff consisting of a Head Teacher and
one or more assistants, the Head taking
Standards IV to VII. The following
scheme may be found useful in a three-
teacher school, but should be modified
to meet the particular needs of the
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Winter Term

Further study of Grasses collected
during autumn and information lessons
given on the natural Grass lands of the
world.

Man’s food supply traced to plant
life ; all life depends primarily on the
work of leaves. The various ways in
which the reserve food material manu-
factured by plants is stored up—seeds,
roots, etc., ultimately becoming food
for man or animals. Lowly forms of
plant life, such as moulds, studied by
the aid of a lens or a microscope—
parasites or saprophytes. Bacteria
treated in a simple manner,

Animal Life—The value of animals
to man. The influence of man on the
lower animals and the methods adopted
to fit thecm for useful service to the
community.

Bird Life—The economic value of
birds treated simply and generally.

Throughout the winter term the aim
of the teacher should be to bring out,
as far as possible, the inter-relationship
existing between living things ; to give
the scholars a lasting interest in the
study of Nature and such an apprecia-
tion of the wonders of Nature that the
work of the Creator is seen in all things.
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district. It is assumed that Gardening
will be taught.

INFANTS' Di1vISION

In this department there should be
no formal Nature lessons. The children
should acquire a spontaneous interest
in living things, and most of the know-
lrdge should be the outcome of obser-
vational activity. A Nature Table is
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essential for the display of specimens
collected by teacher and scholars.
This will be a record of the seasonal
changes and will instil a “‘ time order "
in the minds of the growing scholars.
Flowers should never be left without
water, and, when handling flowers, the
teacher should do so with great care
in order to help the children to realise
their delicacy and charm.

In talks about animals and birds,
very little detail of structure is neces-
sary. Little ones are most anxious to
know ‘‘ what he looks like "’ and * what
he eats.”” Greater detail should be left
for the upper standards,

Where Rabbits, Chickens, etc., are
kept for practical work in the upper
department, the little ones should be
allowed to handle them occasionally.
They seldom forget an animal they
have been allowed to hold, and in the
presence of ‘‘ Teacher ” much of the
inherent ‘‘ fear '’ disappears.

Young children are attracted by
bright colour, sound, rapid movement,
etc., and should be given the oppor-
tunity to draw in crayon simple
objects, such as large seeds, fruits and
flowers, and also to model them.

The ‘“ weather lessons’ should be
arranged to show the children how
living things are affected by the sun,
wind, rain and frost.

Outdoor lessons should be taken
when possible. Interesting work can
be carried on in the recognition of
trees, flowers, birds, animals, etc.
The following will suggest types which
can be taken.

Spring and Summer

The re-birth of life; coming of
Lambs; Hazel and Willow catkins;
opening buds; spring flowers; Frog
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spawn ; seeds—some to be germinated
in the classroom, others outdoors:
Chickens, Ducklings, etc. ; work of the
farmer ; pond life—Newts and Stickle-
backs in an aquarium; wayside
flowers ; birds and their nests; Bees
and Wasps; Butterflies, Caterpillars ;
the Hay harvest.

Autumn

The harvesting of crops; gathering
of fruits; leaf coloration and fall of
the leaf ; food-storage organs of plants
—very simply treated. Preparation for
winter—Cows and Horses kept inside.

Winter

Care of animals by the farmer:
feeding of Sheep in the fields. The wild
animals and birds characteristic of the
area. Resting trees; resting animals—
the Dormouse, Hedgehog, Frog and
Toad.

Frost and snow ; Holly, Ivy, Mistle-
toe, etc.

MipDLE Di1visioN—STANDARDS II AND
111

The scheme suggested here might be
considered as a two-year course. Both
classes will be taken together for oral
work, and although similar topics will
be dealt with, no repetition work will
be necessary—the first- and second-
year course will work quite well alter-

nately.
Spring and Summer

Temperature and weather charts;
observations made by the children,
recorded by the teacher,

15t Year

Identification of the common trees
of the district by means of buds and
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bud arrangement on twigs, character-
istic bark, etc.

Conditions necessary for germina-
tion : (1) air, (2) moisture, (3) warmth.
Experiments with dicotyledonous seeds,
such as Peas, Beans, Vetches, Turnips,
Mustard and Cabbage.

Flowers of the hedgerow—Primrose,
Wild Arum, Dog’s Mecrcury, Ground
Ivy, Violet, Greater Celandine, White,
Yellow and Red Dead-nettle, Garlic,
Mustard (Jack-in-the-hedge), etc.
Weeds of the corn-fields—Coltsfoot,
Thistles, Docks, Ragwort and Ground-
sel.

Animal Life—The Cat and the Dog.

Bird Life.—Ildentification of the com-
mon birds of the district, with special
reference to those valuable to the
farmer—the Plover, Starling, Hedge-
sparrow, Owl, Swallow, Swift, Lark,
Blackbird and Thrush. Food of the
young. Most of this work will be
outdoor activity of the scholars. Several
lessons should be given, however, to
impart information which cannot be
readily discovered by young observers ;
to stimulate interest in bird life and
to prevent the robbing of nests for the
sake of collecting eggs.

2nd Year

Temperature and weather charts as
in first year. Identification of the
common plants used to form hedges—
the Hawthorn, Elm, Field Maple,
Holly and Hazel.

Germination —similar experiments,
using monocotyledons—Wheat, Oats,
Barley, Rye and Maize,

Flowers and plants—the climbers of
the hedgerows, such as the Wild Hop,
Black and White Bryonies, Dewberry,
Blackberry, Honeysuckle, Convolvulus
and Woody Nightshade.
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Insect Life—~Wasps and Bees; the
Wasps’ nest; nest of the Humble-
bee ; work of Bees.

Pond Life.—Frog spawn developed
in classroom ; life-history of the Frog
as a continuous study throughout the
year.

Bird Life—Birds the farmer does
not care for—the Rook, Crow, House-
sparrow, Wood-pigeon, Jay, Kestrel,
Jackdaw and Bullfinch. Lessons on
such birds should help the children to
realise that the food eaten by such birds
during the winter (ground larve, seeds
of weeds) and during the nesting
season (grubs, larve, etc.) well repays
the farmer for the small amount of his
corn eaten in summer.

Autumn
1st Year

The harvesting and storage of farm
crops ; fruits of the flowers studied in
spring ; dispersal of fruit illustrated
by the common weeds of the corn-
fields. The common poisonous fruits,
such as the Bryony, Nightshade, Labur-
num, Ivy, Privet, etc. Leaf-fall and
autumn tints.

Animal Life—The care of farm
animals—{feeding, bedding. Elementary
study of the Pig and Sheep. The Stoat
and Weasel.

Bird Life—The domesticated birds,
such as the Fowl, Duck, Goose and
Turkey.

2nd Year

The harvesting and storage of farm
crops. Fruits of the hedgerow plants
studied in spring ; dispersal of fruits;
poisonous berries.

Farm Animals.—The Cow and its
value to the farmer; milking time;
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butter- and cheese-making treated in a
simple manner.

Insect Life.—Caterpillar collecting ;
subsequent history studied in school.

Wild Animals, such as the Rabbit
and Hare; food during autumn;
value to man—methods employed for
capturing. Rats and Mice—food,
habits and hiding-places.

Winter
1st Year

Water, ice and snow. The air.
Elementary observations on the effect
of burning objects in air; rusting.

Care of animals during winter ; the
feeding of Sheep in the fields; Cattle
and Horses in the sheds and stables.
Food used for each type of animal.
The feeding of Poultry for market
purposes.

Bird Life in Winter—a common resi-
dent studied with as much detail as
possible.

2nd Year

Elementary lessons on water con-
tinued ; crystals of snow and ice.
Temperature and how to measure same.
Artificial freezing—mixture of snow
and salt, crystals of alum, saltpetre,
copper sulphate (blue stone). Expan-
sion of water on heating and freezing.

Soluble and insoluble substances,

The feeding of animals during winter.

Bird Life in winter. A common
resident given particular attention,

STANDARDS IV axD V
Spring and Summer
1st Year

Operations carried out in preparing
soil for the reception of seeds; use of
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the plough, ridge plough, cultivator,
harrow, roller (Cambridge and smooth),
drill and turnip drill, Identification of
‘“ seeds "’ such as Wheat, Barley, Oats,
Rye, Peas (field), Beans, Vetches,
Mangolds, Turnips, Swedes, Carrots,
Clover and Mustard.

Insect Life.—Identification of the
various ground larve, such as the
Wireworm, Cockchafer Grub, Cater-
pilar of the Hart and Dart Moth,
Leather-jacket, Centipede and Milli-
pede, the White Cabbage Butterfly and
its larve, the Ox Warble Fly (maggot
develops beneath the hides of cattle),
the Turnip Beetle. With the exception
of the Ox Warble Fly, the life-histories
can be studied in a terrarium.

Grasses should be studied during
this and the next term: a named
collection should be hung in an easily
accessible position on the walls of the
classroom. The following forms should
be known :

() Hedge Grasses,

(2) Permanent Pasture Grasses.

(3) Temporary Pasture Grasses.

Haymaking-—conditions for making
good stacks—sweating. Visit to a farm
to observe sheep shearing.

2nd Year

Weather observations throughout—
the thermometer and its uses. Soils
and soil formation—composition of
soils, sand, clay, humus; soil water,
capillarity. Improvement of the soil
by deep cultivation. The “ Plough,”
“ Lime " and ““ Iron Pan "’—the reason
for this formation.

The plant in relation to soil; root
and shoot system; kinds of roots;
root storage organs ; water cultures.

Cultivated Grasses; Spring and
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Autumn Wheat; Barley and Oats;
uses of the cereals.

Common weeds of the fields ; methods
used to eradicate same. Bees and their
value to man.

Autumn

1st Year

Harvesting of grain crops—thresh-
ing, winnowing; marketing, milling.
Fruits—packing and grading for mar-
ket.

Further Study of Sheep —Kinds reared
for the production of wool. Elemen-
tary knowledge of discases, such as
Foot Rot, the Maggot (brought about
by the Sheep Maggot Fly, similar to
Green and Blue Bottle Flies), the Liver
Fluke and Sheep Scab.

Dispersal of fruits, and agencies
effecting the spread of weeds.

Practical work on the rearing of
Poultry where possible, especially useful
for girls; kinds of Fowl kept for the
table, for egg-laying, etc.

2nd Year

The harvesting and stacking of Corn
crops ; marketing of fruit and veget-
ables ; system of grading and packing
fruits.

Animal Life.—Cattle—names given
to the sexes, e.g. Bull, Cow, Heifer,
Steer, Bullock, etc. The value of
cattle to the community; fat and
store cattle. Kinds of cattle kept on
local farms. Visit to a farm to observe
the process of butter-making.

Winter
st Year

The life-histories of wild animals,
such as the Fox, Stoat and Weasel.
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Game Birds.—General features and
characteristics of the Pheasant and
Partridge. The study of Water Fowl
where possible—the Coot, Wild Duck,
Snipe.

Winter work of the farmer; care of
animals; treatment of {ruit trees
(grease banding and lime washing).
The school garden during the winter ;
reasons for double digging and trench-
ing.

The Wild Rabbit or Hare; food
during the winter; value to man as
food ; methods of securing such animals,
e.g. traps, guns and snares, ferreting
and shooting.

Elementary lessons on the interaction
of country and town.

2nd Year

Manures—farmyard manure—arti-
ficial.

Feeding material for stock; linseed
and cotton cake, etc., chaff, Swedes
and Mangolds ; special attention to the
feeding of cattle.

Wild life of the woods and fields ;
the Mole, Hedgehog and Watervole,
Squirrel and Dormouse.

Town and country life compared.

StanparDps VI anDp VII
(One-year Course)

Much of the work in this class should
be of an individual nature and mainly
private study. The leaflets issued in
book form by the Ministry of Agri-
culture and Fisheries provide excellent
material for such work, the teacher
giving explanatory lessons occasionally.
An excellent book under the title
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“ Rural Science’ has recently been
published (by McDougall), and this
should be found very useful as a
guide for individual work.

Spring and Summer

Soil formation and composition ;
movement of water in soil; water-
holding capacity ; conditions necessary
for germination. The plant in its rela-
tionship with the soil. Leaves and
their work; formation of starch.
Identification of common plant diseases.

() Club Root in members of the
Cabbage family—Turnip, Cabbage,
Kale, etc.

(2) Potato Blight, Scab, Wart Disease.

(3) Blight on Beans.

(4) Rust on Wheat, etc.

Visits to a farm or blacksmith’s shop.
Farm machines and their work; the
drill and self-binder to receive special
consideration. The construction of a
barometer ; its uses, etc.

Autumn

Cereal crops ; root crops and tubers ;
weeds of the farm—rhizomes of Couch
Grass, Coltsfoot, Convolvulus (Bind-
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weed), Thistles of wvarious kinds,
Nettles, etc.
Annual weeds—Poppy, May Weed,

etc.
Rotation of crops—reason for rota-

tion. Various systems of rotation ex-
plained. Field work—the plough, its
parts, etc.

Pruning of fruit trees.

Work in the fields; manuring for
special crops; land drainage; reasons
for same and methods employed.

Winter

Anatomical structure of the Horse—
the hoof to receive special attention.
Breeds of Horses used in the neigh-
bourhood.

Cultle—Dairy and store cattle.
Breeds suitable for meat production or
dairy work.

Sheep.—Breeds of Sheep; common
diseases.

Pigs.—Breeds of Pigs and their
management.

Poultry and Poultry Rearing taken
from the practical point of view.
Incubators and their management ;
foster-mothers.

Throughout the winter term the
work should be as practical as possible.

OUTLINE SCHEME FOR THE SCHOOL GARDENING
CLASS

Indoor Work during the Winter

Classification of soils—heavy, me-
dium, light. Practical tests for good
and bad soils.

Soil pests; preserving specimens in
a solution of formalin.

Composition of soils; how to deter-
mine by mechanical analysis.

Soil and subsoil; humus and its
properties.

The seed order—plan of cropping.
Potato sets.

The effecct of lime on clay, demon-
strated by experiment.

Simple experiments on clay to show

shrinkage ; cracking after puddling.
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Plant foods in the soil, available and
unavailable.  Artificial and natural
manures. Pot plant tests to demon-
strate plant foods. Rotation of crops
and reasons for such.

Plant Physiology.—Root pressure ;
respiration ; transpiration; assimila-
tion. Simple experiments to show that
each takes place.
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Water in soils—capillarity ; evapo-
ration. Water-holding capacity of sand,
clay and humus compared by simple
experiments.

Reproduction of plants—seeds, cut-
tings, layering, root division, etc.

Pollination, etc.

Enemies and friends of the gardener.
Life-history of common pests.

SCHEME OF WORK IN NATURE STUDY FOR THE
TOWN OR CITY SCHOOL

The following scheme of work is
intended primarily to meet the needs
of schools in which experimental work
can be carried out in Chemistry,
Physics and Electricity., Often such
schools neglect the study of Natural
History in the upper standards owing
to the difficulty in obtaining suitable
material, but the study of Natural
History can be carried out experi-
mentally even in a school in the heart
of a city. Although children of eleven
are interested in carrying out simple
experiments in Chemistry, Electricity
or Physics, they are equally interested
in finding out why a seed grows and
the conditions necessary for its growth.
These points can satisfactorily be dis-
covered by experiment, and as the
germination takes some considerable
time, such observational work can well
be carried out without upsetting the
normal Science course.

Further, the food material required
by plants can be demonstrated by
means of water or sand cultures. By
such work a child learns something of
the relative position of plant life in the
economy of Nature and, in later lessons
on the work of leaves, is brought to

rcalise the value of the Vegetable King-
dom to mankind.

Again, the study of plant life gener-
ally can and should receive more atten-
tion. Very few towns are without
public parks and pleasure grounds, and
first-hand knowledge of buds, leaves,
the characteristics of one or more
common trees and, in most cases, of
Water Fowl, can be obtained. Even
the rooting system of one or more
plants can be successfully dealt with.
For example, the Potato will readily
develop in flower-pots containing damp
sawdust or soil. Carrots and the tap-
rooted vegetables can be used for de-
monstrating the second year’s growth
of biennials or the production of ad-
ventitious roots, Flower and seed pro-
duction can be followed by means of
window boxes, even if annuals only are
cultivated.

The study of insect life gives a wide
scope for first-hand observational work.
In the “ New Suggestions” (Board of
Education) a description of a very
useful type of breeding cage for Butter-
flies and Moths is given on p. 234, and
in a later chapter additional informa-
tion will be found.
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An aquarium gives further scope for
the enthusiastic teacher. Even if Gold-
fish are the only inhabitants, they will
provide useful material for detailed
observational activity. Frog spawn
and various insect larva can be obtained
by teachers on their week-end excur-
sions. A letter to the head teacher of a
country school will be the means of
obtaining suitable material if other
avenues of supply are not available.

Again, there are many firms in this
country which specially cater for the
supply of Nature Study specimens to
schools. The cost is usually very low,
not exceeding £2 per term of 10 weeks,
an ample supply of specimens for classes
of fifty children being provided. By
such a method, children are brought
into contact with some of the wonders
of plant life, although not with the
plants in their natural surroundings.

In any case, the study of Natural
History should not be denied to the
town child. Obstacles can generally
be overcome by the teacher who sets
out to bring his scholars into the
fullest relationship with the world in
which they live.

STANDARD V

1st Term—April to Midsummer

(a) The structure of common flowers,
such as the Daffodil, Tulip, Primrose,
Wallflower and Marguerite ; the posi-
tion of the ovaries; hypogynous and
epigynous flowers compared; pen-
knife sections of ovaries examined and
position of seeds noted.

The development of plants grown
from seed in flower-pots or window-
boxes, carefully noted and recorded—
sown in April.
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Outdoor or Team Work.—Return of
migratory birds, e.g. the Swallow.

Mating-time of Pigeons and Sparrows.

Nests and nesting-places of the bird
or birds selected.

(b) Development of Frog or Toad
spawn.

(c) The opening buds of twigs in the
classroom.

Bud arrangement on common trees of
the district.

(d) Lessons on plant structure, e.g.
forms of root. Tap root, e.g. Radish
and Carrot. Potato tuber.

(¢) Elementary chemistry in relation
to plant life,

Air—its composition and physical
properties ; oxygen and carbon di-
oxide ; the respiration of plants.

The Preparation of Oxygen.—Its pro-
perties and value to the physician.

The proportion of oxygen in the
atmosphere ; rusting of iron; very
elementary knowledge of oxygen.

The atmosphere from chemical and
hygienic point of view.

The Preparation of Hydrogen.—Con-
trast its properties with that of oxygen ;
its use as the lightest gas known.

The Preparation of Carbon Dioxide.
—Properties ; vitiation of the atmo-
sphere ; necessity for ventilation.

2nd Term—Midsummer to Christmas

Water—its composition and physical
properties.

Elementary lessons on transpiration.

Leaf-fall and Autumn tints.

Fruits and Fruit Dispersal.—Lessons
based on the plants grown in window-
boxes, flower-pots, etc.

Harvest of crops in the country.

Value of the farmer and gardener
to the town dweller.
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The Soil.—Lessons correlated with
Geography ; the formation of the soil ;
mechanical analysis ; water in the soil ;
movement of water in the soil.

Collection of cocoons—pupez, etc.,
for the terrarium.

Properties of Common Substances.—
Materials which dissolve in water, such
as common salt and sugar; substances
which are insoluble, such as sand and
chalk ; filtration and distillation on a
small scale.

Apply information to water in the
soil.

Sulphur—its more pronounced pro-
perties, insoluble in water, soluble in
carbon bisulphide; plastic sulphur,
uses of sulphur.

Phosphorus—properties, soluble in
carbon bisulphide, insoluble in water ;
burning phosphorus ; manufacture of
matches.

Carbon — modifications; charcoal,
graphite, diamond; manufacture of
wood charcoal on a large scale ; manu-
facture in laboratory; animal char-
coal. Wood charcoal used to absorb
bad-smelling gases; animal charcoal
used to abstract colour in sugar refining.
Heat some small picces of bone in a
test-tube and ignite issuing fumes.
Manufacture of lead pencils.

3rd Term—Christmas to April

The use of measuring instruments ;
measurement of the volume of solids
by means of a measuring jar; the
measurement of the volume of a hollow
vessel by means of the burette; how
to read the burette.

Measurement of weight—the spring
balance simply treated.

Ice—floats on water, measurement
of temperature by means of centigrade
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and Fahrenheit thermometers; freez-
ing of pipes in winter; temperature
of a mixture of ice and water.

The making of a thermometer ; its
use in determining temperatures; the
determination of the melting-point of
wax.

Revision of previous work ; a second
preparation of oxygen is useful.

Plant study—the parts of the seed
and seedling; the resisting powers of
resting sceds; the visible order of
germination. The nature and functions
of cotyledons and endosperm ; bulbs
and their formation—Snowdrop, Daffo-
dil and Onion compared with the corm
of the Crocus. (Sce also Section IV.)

Throughout the year the class should
have some definite observational work
to perform. Team or group work might
include the study of particular trees
and birds, records being made by the
scholars. Trom time to time class
discussions on the subjects of study
should take place. The teacher should
use such periods to correct faulty de-
ductions and to suggest lines on which
further work might be carried out.

Temperature and weather charts
should also be kept throughout the
year.  Direction of wind, rainfall,
barometric pressure and temperature
can be graphically recorded, useful
deductions being made from time to
time,

STANDARD VI

1st Term—April to August

Detailed study of the Potato—
external examination; the position
of the eyes, the spiral arrangement
to be discovered. The eyes might
usefully be compared with the buds
on twigs, the development of which
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can be studied at the same time.
This can be followed by experiments
to discover the conditions necessary
for development; the iodine test for
starch should be applied.

() Potatoes planted in sawdust and
soil {(dry and wet medium in each case).

(2) Sets in water only.

(3) Small pieces with and without
“ eyes.”

(4) “ Sets’ planted outdoors, in
12-inch pots or butter-boxes, using
soil.

Germination of ““seeds” of Barley,
Wheat and Oats indoors and in butter-
boxes outside.

Common flowers examined ; relative
position of the anthers and stigma.
Pollination and the agencies which
effect same.

Life-history of Bees, as far as pos-
sible through observational activity.

The thermometer, construction, both
scales. Heat transference, conduction,
convection, radiation, expansion, coal
fires, gas fires, electric fires, hot-water
supply, thermos flask, scale on boiler
plates, manufacture of big guns, tyres
on wheels, the leaving of spaces
between the joints of the rails on rail-
ways, expansion bend.

Ventilation, revision lesson on carbon
dioxide.

Flames—the bunsen flame, glass
bending, the candle flame, incandescent
mantles. Simple experiments on fric-
tion, the pulley and weights.

Revision of oxygen, reduction of
oxides (e.g. red lead) by means of
charcoal block and blow-pipe.

Revision of properties of sulphur ;
mixtures and compounds illustrated
by mixture of sulphur and iron filings
—how to obtain the iron by means of
a magnet and the sulphur by using

»
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carbon bisulphide ; heat a mixture of
iron filings and sulphur to form a new
chemical substance, iron sulphide.

Preparation on a small scale of
sulphuretted hydrogen; pass gas
through an acidulated solution of lead
nitrate and observe reaction; how to
test for lead in water: test for sewage
in water by Nessler’s solution (a solu-
tion of mercuric iodide and potassium
iodide in excess of potassium hydroxide),
hard and soft water.

2nd Term—September to Christmas

Fruits and seeds. Succulent and dry
fruits compared. Dispersal of fruits
and sceds in as much detail as possible.
Composition of seeds; the nature and
properties of the food substances found
in the cotyledons and endosperm.
Wheat and Barley used as a basis.

Soil.—Movement of water in soil by
capillarity ; types of soil—sandy, clayey,
chalky ; water-holding properties of
types compared.

The study of Caterpillars by means
of a terrarium,

Preparation of chlorine ; its uses as
a sterilising agent for water contami-
nated with sewage ; distillation.

Preparation of hydrogen for study
of diffusion.

Mirrors—the 45 Mirror; periscope ;
eclipses of the moon, lenses, focal
length, images, the “ magic lantern,”
cinematograph, candle power.

3rd Term—Christmas to April

Magnetism—lodestone, magnetic
fields, action of soft-iron ring, perma-
nent magnets, induced magnets, the
mariner’s compass, the dip needle, the
gold-leaf electroscope or pithballs,
static electricity, current electricity as
produced by a dry battery, its use to
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produce a light, an electro magnet
made by winding copper wire round a
nail and connecting to a dry battery.

The lever used as an introduction to
chemical balance ; the accuracy of the
chemical balance. Use of chemical
balance to determine if magnesium
gains or loses in weight when heated
in a confined space.

Revision of previous work.

The food-storage organs of plants—
rhizomes of the Primrose and Solo-
mon’s Seal should be examined and
the surfaces tested for starch; the
development of these rhizomes to be
observed in window-boxes.

Cut off the top part of the tap root
of the Carrot and Parsnip; plant the
lower portion in damp sawdust or
place in water and notice the forma-
tion of adventitious shoots. Examine
the opening buds of one or two trees,
noticing the shedding of the bud scales
and the unfolding of the young foliage
leaves. In March secure a leafy Willow
twig or the stem and leaves of a pot
plant ; with the aid of a potometcr
revise the work on transpiration.

Throughout the year the study of
common animals might be considered
as a form of outdoor activity. The
Horse, Cow, Sheep and Squirrel are
suggested as types. Discussion lessons,
collating the group work, should be
taken monthly, and information given
by the teacher on points of structure,
habits and uses, which often cannot be
discovered by individual observation in
large cities.

STaNDARD VII

1st Term—April to Midsummer

Work of leaves—respiration and
transpiration revised.
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Assimilation of CO,. Formation of
starch in sunlight by the leaves.

Food required by plants; water
cultures (experiments with Wheat and
Barley to prove the elements necessary).
Formation of root-hairs; value of
such to the plant. ’

Revision of magnetism, static electri-
city, current electricity, the simple
cell, Daniell’'s cell, bichromate cell;
individual work with the bichromate
cell, made from small jam jars, carbon
rods from used dry batteries and
bichromate mixture and zinc rods
supplied by the teacher ; cells in series
and parallel ; the electric circle, tapping
key, induced currents, electro magnets,
electric bells; Rhumkorff's coil and
applications ; sparking plugs; simple
electric motors; an introduction to
wireless telegraphy.

Experiments with levers — pump
handle, boiler valve, cold water tank
lever, crowbar, wheel and axle, very
simple calculations.

2nd Term—Midsummer to Christmas

Osmosis and osmotic pressure. Ele-
mentary plant anatomy ; structure of
root-hairs and the connection between
osmotic pressure, soil water and root-
hairs treated in an elementary manner,

The barometer, pressure of water,
water supply; the syphon, pure and
impure water; the thermometer,
various scales, maximum and minimum
thermometers,

Density of solids and liquids treated
in a simple manner; use of burette;
Hare’s apparatus, V-tube, density
bottle, a few simple calculations; the
peculiar behaviour of water at certain
temperatures.  The spring balance
revised. Centres of gravity; pulleys;
the crane.
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3rd Term—Christmas to April

The value of plant life to mankind.
Leaves considered as factories, stems
as the lines of communication and
flowers and seeds as the warehouses.

The interaction of insect, bird and
animal life in the scheme of Nature.

Mainly revision; lessons based on
the cycle pump, thermos flask, hot-
water supply ; experiments with electric
cells, and with common elements—
sulphur, phosphorus, carbon; manu-
facture of soap, acids, oxides ; prepara-
tion of gases; iodine extraction of
starch from Potatoes and Wheat;
individual experiments where possible.

Lives of great scientists may be
taken.

In industrial areas the Standard VII
scheme in science might be modified
to meet the particular needs of the
district.

For coal-mining areas a course of
lessons should be arranged dealing with
the formation of coal, general method
of mining, safety in the mines, etc.

The following is another scheme
suitable for schools in districts where
the manufacture of iron and steel is a
prominent feature. In the author’s
previous school, the Syllabus was

MODERN TEACHING

carried out with Standard VII boys,
the girls taking as an alternative Home
Nursing.

It is, of course, necessary that the
theoretical work on the iron industry
should have a practical bearing, and
hence wvisits to various works are
essential. The construction of a Blast
Fumnace can be explained by means of
diagrams, but to see a furmace in
operation adds greatly to the value of
such lessons. (See Syllabus.)

Metallurgy —Early history of the
iron industry; examination of the
chief ores of iron ; distribution in the
world, with special reference to the
ores mined and used in Great Britain.

Local ores ; simple chemical compo-
sition of ores.

Early method of iron manufacture ;
gradual development of modern Blast
Furnace ; modern Blast Furnace work.

{(a) Preparation of local ores.

(b) Calciners used locally.

(¢) Result of calcination of ores.

(d) Construction of a Blast Furnace.

(e) Charging a Blast Furance.

Fuel—flux and load; action in the
furnace, e.g. formation of metallic iron,
slag and gas. Tapping of furnaces—
pig bed. Moulding and rolling.
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SECTION 1V

SUGGESTIONS FOR PRACTICAL WORK

HIS section will deal with the

practical application of the

methods recommended for the
conduct of Nature lessons. In several
parts reference to ‘‘ Nature Walks”
and ‘‘ Outdoor Activities” has been
made, and here in a brief manner
these points will be dealt with.

Nature Walks

The object of all Nature Study is to
bring children into an intimate rela-
tionship with living things in the world
around them. It is, therefore, necessary
for children to observe living things—
plants and animals—in their natural
surroundings. In towns, the public
parks should be utilised to the full;
in urban and rural areas, very little
difficulty arises. Gardens, allotments
and fields are usually within easy reach
of the school.

Planning a Nature Walk. (Time
allowed for the walk, 1§ hours.)—When
a walk is to be undertaken, the teacher
must have a definite scheme. In
spring (February) the study of the
general features of one or more common
trees might be the object in view.
Before leaving the classroom the chil-
dren should know exactly what they
are expected to observe. They should
be provided with notcbooks and
pencils, and can be expected to observe
and make notes on the following
points :

(1) General character of the branch-
ing—open, spreading or close. Position
of branches—at right angles to the
main stem, drooping or upward ten-
dency. Main branches thick or thin at
points where they join the main stem
or trunk (cf. Oak, Lombardy Poplar
[Fig. 66]).

(2) Bark—colour, scaly, furrowed,
smooth or rough.

(3) Buds—colour, arrangement on
twigs, number of protecting scales, etc.

(4) Trees or plants growing near to
particular trees.

(5) East and west side—presence of
an epiphyte on the west.

(6) Characteristics of the younger
branches — presence or absence of
suckers (adventitious shoots). These
develop from the base of the trunk (cf.
Lime and Elm).

Nature of soil in the vicinity.

Points 1 and 2 will be sufficient for
Standards II and III.

Points 1 to 4 characteristics should
be observed by Standards IV and V.

Points 1 to 6 characteristics should
be observed by Standards VI and VIIL.

The names of trees recommended for
study within the capacity of the
scholars are to be found in the sylla-
buses.

Although the study of trees is the
main purpose of a walk, observations
on other points should not be entirely
excluded. If the walk is well planned
(the teacher having gone over the
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ground a day or two before), certain
flowers or wayside plants will no doubt
be available for study under natural
conditions. Attention should be called
to the selected plants. Here the teacher
must be on guard against unnecessary
destruction ; observation and examina-
tion can be carried out without re-
moving the plants, sketches being made
in the Nature Notebooks, of which al-
ternate leaves should be of plain paper.

As there are so many points of
interest outside school to attract atten-
tion, the teacher must guard against
attempting too much. It is better to
concentrate on one or two main points
than to deal with every feature that
attracts the interest of the children.
Give the class the opportunity of
making notes on any interesting features
of the walk which appeal to them,
apart from the definite line of study,
and in a later composition lesson let
the scholars give an account of the
walk,

The best method of conducting a
Nature Walk with a class of fifty is to
arrange the class in teams, each in
charge of a leader. When this is done,
four types of trees can be studied at
the same time, or, when observing one
type only, marks can be allocated to
the team doing the best work.

At a later date a walk should be
arranged over the same ground. The
leaves of the trees studied during the
earlier walk then form the main topic,
and some notice should be taken of
the struggle for existence.

For Standards IV to VII long walks
might be undertaken early in autumn,
immediately after the summer vaca-
tion ; these should occupy the whole
afternoon Particular attention could
be called to Grasses, and this gives

MODERN TEACHING

scope for excellent team work, teams
concentrating on either Meadow, Hedge-
row or cultivated Grasses. Other sec-
tions might usefully study climbing
plants, such as the Honeysuckle, Con-
volvulus and the Bryonies; or fruit
dispersal, special consideration being
given to the poisonous fruits and
plants. Previous to walks for Standards
VI and VII, a sketch map of the dis-
trict should be constructed, varying
in difficulty with the standard. An
ordinary survey map would also be
found of value.

Notes on observations should be
made by the scholars. Specimens, one
of each type, should be brought to
school and labelled, a few particulars,
relative to the plants, such as habitat
and size, being recorded. Later, com-
position might be written on the sub-
jects studied in their natural surround-
ings. Class discussions are exception-
ally useful; the teacher need not take
any definite part, unless incorrect
deductions are made. It is, however,
advisable to make suggestions for
further individual observations, and
generally the class will, in their own
time, visit the selected spots again.

The Nature work carried out in
connection with the Boy Scout and
Girl Guide Movements is a real help
to the town and city teachers. By
means of marches and summer camps,
the interest of the boys and girls in
Nature Study is considerably strength-
ened.  Many teachers show great
keenness in the outdoor activities of
their scholars. Ir one of the largest
towns of the Black Country it is a
familiar sight to see groups of scholars
out for a walk with their teachers on
Saturday mornings. One head teacher
has for many years rented a large
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THE LOMBARDY POPLAR.

This is the most easily recognised of the Poplars grown 1 this country. Its straight bole and comparatively
thin lateral branches are distinctive features. The carpellary and staminate mflorescences are found oo
separate trees—both take the form of catkins,

231
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orchard three miles from the town.
Every Saturday, wet or fine, boys of
the upper standards visit the orchard,
not to work, but for the study of
Nature. Their reward comes in the
autumn—the fruit becomes the pro-
perty of the boys who have shown an
interest in some particular aspect of
Nature Study.

School camps and other organisa-
tions render valuable help to the Nature
Study teacher, and, taking all factors
into consideration, there should be no
difficulty in arranging for first-hand
observations to folow up work done
through Nature Walks.

Pond Life

A Nature Walk for the purpose of
stocking an aquarium and gaining
first-hand knowledge of aquatic life
should be arranged in June.

Each team should be provided with
one or more butterfly nets, each
scholar bringing his own collecting
vessel—an ordinary two-pound glass
jam jar.

On arrival at the selected pond, the
plants on the surface should receive
consideration (e.g. the Water Crowfoot,
Celery-leaved Buttercup, Marsh Mari-
gold, Duckweed). The teacher should
demonstrate the use of the net; the
best hauls are obtained by sweeping
the net under the bank or amongst the
water weeds. In this manner, varieties
of the Caddis larve and the aquatic
Beetles will be secured.

Then let the team leaders commence
operations; it will be found that all
scholars are good pond hunters and
keen observers of the specimens secured.
Some of the scholars will be interested
in the aquatic plants, others in the
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larve, many in the adult stages. After
each pupil has received a specimen,
fishing operations should cease. The
next half-hour should be given up to
individual observational work. Each
scholar should make drawings of the
object in his particular jar and record
special points of interest observed.

Specimens not required for the
aquarinm should be returned to the
pond.

The Aquarium

Of all forms of observational activity
undertaken in the classroom, the keep-
ing of an aquarium is perhaps the
most interesting from the child’s point
of view. It supplies a never-ending
fascination and provides a source of
pleasure and interest. If well managed,
the class aquarium requires the mini-
mum of attention and is a beautiful
adjunct to the room.

A Permanent Aquartum.—In towns
an old glass accumulator provides an
excellent form. The illustration given
(Fig. 68) is that of one in use at
the present time containing Goldfish,
Water Snails and a Mayfly larva,
the latter being an especial favourite
with the children—Canadian Pond
Weed, Bladderwort and Duckweed.
The type mentioned is 20 inches long,
18 inches wide and 13 inches deep,
originally purchased for 3s. 64. The
second illustration is of a type not
generally used. This was purchased
from a jam factory for 2s. 6d., and
takes the form of a * carboy” (large
vessels used by firms supplying labora
tory reagents), the top of which has
been broken off. Such vessels are often
damaged in this way and are sold as
“scrap ' (Fig. 69).
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For schools having classes in wood-
work and metalwork, the construction
of a suitable aquarium should form
part of the scheme.

When adult Beetles and Water Boat-
men are the objects of study, the
aquarium should be covered over with
perforated zinc.

In many cases a permanent aquarium
cannot be installed, but even in these
unfortunate schools the study of aquatic
life can temporarily be carried on.
Much good work is accomplished with
ordinary jam jars or Goldfish globes,
as supplied by the world-renowned
“ Sixpenny "’ Store.

Whichever form the aquarium takes,
it is essential to bear in mind that
plants and aquatic animals require
oxygen. Although water plants absorb
CO, in daylight, it is adwisable to
change the water occasionally; more
often when small vessels are being
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used. Teachers often fail in their
attempts to show the development of
Frog spawn in glass jars for two
reasons. In the first place, too much
spawn is placed in the jars (half a
dozen eggs being sufficient), and in the
second they do not realise that the
developing spawn requires a supply of
oxygen (fresh water is necessary every
other day).

The Terrarium

For studying the life-histories of
Moths, Butterflies and ground larvea,
a very simple terrarium can be con-
structed out of a sugar or other box.
Part of the sides should be removed
and replaced by glass, a piece of per-
forated zinc being substituted for the
Iid. When possible the bottom of the
cage should be covered with a layer
of turf or soil, food suitable to the
objects of study being supplied. Such
an apparatus can be
modified to meet the

ACCHMULATOR UGED AS AQUARIUM

needs of Frogs, Toads,

Earthworms, Ants or
f .
Spiders.
In the * Sugges-

tions” a very simple
form of breeding cage
is described. The
above box terrarium
will be found suitable
for general observa-
tional work; several,
of course, may be

used at the same
time.
Bird Tables

ACCUMULATOR USED AS AQUARIUM.

Glase vemsels suitable for use in schools can usually be obtained at a
reasopable price from firms who make submatine accumulators.

The simplest form of
Bird Table consists of
a flat board 2§ feet
square, nailed to a



SUGGESTIONS FOR

PRACTICAL WORK 235

pole about 4 feet high,
erected in the corner
of the playground.
Throughout the year,
food of various kinds—
breadcrumbs, small
seeds, scraps of meat,
etc.—should be sup-
plied, together with a
small vessel of water.
If this is done, the
birds get accustomed
to the table and be-
come so tame that,
even with the scholars
in close proximity, they
will feed quite readily,

CARBOY USED A AQUARILM.

l._J;—/

giving ample scope for
observational work. To
obtain the best results
it is advisable to supply
the food at definite times
each day; the birds will become accus-
tomed to the ‘‘ feeding ” time, and in
winter will be at the table before time.

Another form of table consists of a
single board, with a quarter of an inch
edge all round to prevent food rolling
off, erected outside the classroom win-
dow in such a position that it can be
readily seen inside the room and food
can be easily placed on the structure.
When first erected a good supply
should be provided before the dinner
recess and on a Friday afternoon.
Gradually the birds discover the feed-
ing-place, and eventually become so
accustomed to the position that during
lesson periods they are frequent visitors.
In winter especially, after school opens
each morning, much useful work can
be accomplished,

The Keeping of Pets
Whenever possible the keeping of

Although quite su

as an old accumulator.

CARBOY USED AS AQUARIUM.

table, the rarboy does not meet the purpose so well
The surface of water exposed to the air is
much more restricted,

pets is advisable, although it involves
a certain amount of work during week-
ends and holidays for someone. In
country areas the keeping of Rabbits
and Fowls provides excellent and useful
activity for the older scholars, but for
town and city schools Mice and White
Rats are perhaps more suitable. Gener-
ally speaking, town schools are some-
what handicapped in this direction,
but if Mice or Rats are kept, they not
only provide useful observational work,
but an idea of the care necessary for
the welfare of such animals is instilled
into the minds of the scholars. The
best course to adopt seems to be to
allow a senior boy or girl to take the
pets home for the week-end. This
plan works admirably, and incidentally
brings the home into intimate relation-
ship with the activity of the school.
Absolute cleanliness is essential where
pets are kept. The Common Tortoise
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makes an excellent pet for the town
school. A large terrarium is essential
for sleeping quarters. Its food consists
of vegetable material, and in summer
Lettuce may be regarded as the chief
diet.

Sketching and Note-taking

Whenever seeds, plants, insects or
trees are being examined, scholars
should not only make notes of
their own personal observations, but
should make sketches illustrating
the points noted. In the lower
classes, such sketches will be crude
when considered from the artist’s point
of view, but so long as they are a clear
indication of the child’s developing
observational powers, they should
satisfy the teacher, With the middle
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classes an advance from the artistic
viewpoint can be expected, and the
Senior Department should be able to
illustrate artistically and correctly the
various aspects and points noticed
during their studies.

Notebooks having interleaved draw-
ing-paper should be used from Standard
IV upwards. Sketches must be made
during the Nature lesson and not
reserved only for the Drawing Class.

In the Infants’ Department, and up
to Standard 1I, models in clay or
plasticine of large seeds, fruits and
simple flowers might usefully be made.
This helps considerably the work of
the upper classes and provides kcen
observational work for the children.

In sketching and note-taking, let
this be the children’s own work, and
not reproductions from the blackboard.
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SECTION V

NOTES ON LESSONS

1st Lesson
Structure of a Grass Plant

XAMPLES of any kind of Grass
will serve for this lesson.

Rooting System.-— Reference
should be made to the rooting system
observed during experiments in ger-
mination. Compare a well-developed
plant and notice the large number of
adventitious roots which arise from all
the underground nodes of the stem.

Stem.—The stems, which are termed
culms, are cylindrical and hollow ; the
nodes, however, are solid. (The Maize
is an exception to the rule, being solid
throughout.) Generally the buds break
through the base of the enclosing leaf
sheath and for a short time the branches
grow more or less horizontally, some-
times underground, forming rhizomes,
from which leaves and flowering stems
are sent up. Couch Grass and Smooth-
stalked Meadow Grass are good ex-
amples.

Sometimes branches emcrge at the
point where the leaf sheath joins the
stem, ultimately tearing the subtending
leaf. This is well illustrated in Wheat,
Barley, Oats, Cocksfoot and Rye
Grasses.

Leaf.—The leaf of a grass consists
of two parts, the blade and the sheath.
The latter surrounds the stem like a
tube split down one side, its free edges
overlapping for some distance. In the

Cocksfoot and many Meadow Grasses
the leaf sheath is not split, but forms
an encircling tube.

The leaf blade is generally long,
narrow and flat, but in grasses growing
in dry places is often folded and
appears cylindrical. At the point
where the blade joins the sheath, the
inside of the latter often protrudes as
a tongue-like structure termed the
ligule (Fig. 67). This forms a dis-
tinguishing fcature in Grasses, and is
one of the means by which various
species are identified. Insome Grasses
the sides of the leaf near the ligule
terminate in claw-like projections which
partially or entirely encircle the stem.
Excellent examples of this arrangement
are to be found in the Couch Grass and
Barley.

and Lesson
Grasses

Brief Notes on Lesson.—Ears of some
large-flowered Grass required. The Oat
is the most suitable for a first lesson.
The nodding structures at the end of
delicate stems are called spikelets.

A lesson on the general structure of
a spikelet of the Oat should be given
early in July. A spikelet consists of
several parts, to which special names
are applied—Outer Glume, Flowering
Glume, Palea, Lodicules (representing
the perianth of ordinary flower)—three
ctamens and an ovary surmounted by
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the divided, feathery stigma. Let the
scholars dissect a spikelet and draw
the various parts in their notebooks ;
a lens for each scholar is essential.
Blackboard illustrations should be used
for naming the various parts (Fig. 67).

Call attention to the position of the
lodicules and elicit, if possible, their
special function ; open out the flower-
ing glumes and note the position of
the anthers, the number, etc. Let the
class suggest the method of pollination ;
special adaptations to ensure cross-
poilination by the wind. The following
are points to note :

(1) The feathery stigma.

(2) Position of anthers, which hang
out of the glumes below the stigma.

The following is a summary of the
work :

(1) At the base of the spikclet are
two boat-shaped leaves called outer
glumes, not quite opposite each other,
on a stalk or axis.

(2) Inside the outer glumes are two
or more structures called florets (or
little flowers).

(3) Each floret is situated on a short
stalk and has at the base two chaffy
leaves ; the larger and lower one is
called the flowering glume ; the smaller
upper one is the palea, or pale.

(4) The flowering glume, at its edge,
embraces the pale. From the middle
of the back of the lowest flowering
glume an awn, or bristle, is seen to
arise.

(5) Between the flowering glume and
the pale are contained the three stamens
(anther lobes containing pollen).

(6) Above the insertion of the sta-
mens, the ovary with its divided
feathery stigma is seen ; this eventually
forms the grain.

(7) At the base of the ovary on the
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side opposite to the pale, that is, on
the side next to the flowering glume,
there are two transparent scales—the
lodicules—which are often considered
as the perianth of the floret.

(8) Additional information by the
teacher. When the spikelets are upon
long stalks the inflorescence is called
an ear or panicle.

(9) A panicle consists of a number
of spikelets, each containing two or
more florets.

3rd Lesson
Inflorescence of Grasses

Specimens of the Oat, Wheat, Cocks-
foot, Couch Grass, Pcrennial Rye
Grass, Dogstail and Yorkshire Fog.

Revise lesson on the spikelet of Oat.

Points to observe 1

In most Grasses the spikelets and
florets are much smaller than they are
in the Oat plant, and various modifica-
tions are found. In the Wheat inflor-
escence the florets are large, but the
spikelets which contain them have no
stalks. Where the spikelets are not
supported by stalks, as in the Couch
Grass, Perennial Rye Grass and Barley,
the close, narrow ear, as seen in the
Wheat, is the result. When the spike-
lets are upon long stalks, such panicles
as those of the Oat, Cocksfoot, York-
shire Fog, Meadow Grasses and Quaking
Grasses result. In the Dogstail and
Timothy the stalks of the spikelets are
very short and lie so closely against
the stem that the panicle looks as if it
were without stalks. ~ It should be
noted that just as the ear or panicle of
a grass or cereal is made up of spikelets,
so is each spikelet made up of one or
more florets.

From the illustration of the Oat and
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Rye Grass, it can be plainly seen what
is meant by a panicle and a spikelet.
To the ““ ear "’ or * panicle” of Wheat
the term “ spike” 1s often applied;
the ear is in reality a spike of spikclets.

Fruits and Seeds.— The fruit of
Grasses is in most cases a one-seeded
form of nut, the seed of which has
grown completely into union with the
surrounding thin pericarp, or carpel
walls of the ovary. This formation is
usually termed a ‘‘ caryopsis.”” Hence
the so-called ““seeds’’ of Wheat, Barley,
and other Grasses are really fruits, and
the true seed contains a large propor-
tion of starchy endosperm at the side of
which the embryo is placed (cf. Fig. 67).

NOTES FOR LESSONS ON
GERMINATION

STANDARD 11

First Lesson on Germination
Aim

To find an answer to the question,
Why do seeds grow ?

Apparatus

A few pods of Peas and Beans (kept
from the previous year), sufficiint dry
Peas or Beans for each child to have a
specimen, a flower-pot containing
ordinary moist soil and one containing

dry soil,

Preparation

Even at this early stage the children
will know in a simple manner the cycle
of life—birth, youth, flowering and
fruiting stages. A simple introductory
talk will lead up to the point that seeds
are obtained from fruits; do not try
to find out technical details—cf. pips

239

of the Apple, Peas and Beans. Lead
on to the parts which are used for food.
The Peas and Beans are taken from
their shells and cooked, etc.

Presentation

Call attention to the dry and
shrivelled appearance of the Pea or
Bean pods. Open one or more before
the class and let scholars observe the
dry condition of the seeds; then let
the class find out all they can about
the specimens they have; with the
Broad Bean, general size and shape
should receive attention. The black
scar or hilum will give scope for keen
work. The seed is attached to the
pod by a short stalk (sometimes this
point is difficult to show to the class
owing to the shrivelled appearance of
the funicle). For the benefit of those
teachers who have not dealt with
Nature Study on the lines suggested,
and have had little experience in pre-
paring material, a good plan is to keep
one or two specimens of pods in a weak
solution of formalin; no difficulty
then arises in showing the use of the
hilum.

Conclusions

The Bean. The following points
will be observed :

1. The skin is tough, yellow (or green)
in colour.

2. Two lumps appear near the scar.

3. One end is thicker than the other.

4. A light-coloured line can be seen
in the scar.

With the Pea:

1. The seed is round and wrinkled.

2. A light-coloured scar is seen.

3. The skin is tough and hard.
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Lead to the questions, What does
the gardener do with the seeds ? When
put in the soil, what is likely to happen
to them ¢ How can we find out what
happens ?

Let the scholars suggest sowing the
seed in soil and allow them to carry
this out, placing some in each pot (no
reference being made to the fact that
the soil in one pot is dry).

Second Lesson on Germination
Asm
As in Lesson 1.

Apparatus

Have a sufficient number of soaked
Beans (or Peas) in readiness, the two
flower-pots used in the previous lesson,
one or two dry seeds, a germinator—
either a glass jam jar lined with blot-
ting-paper, this being kept in position
by filling the jar with sawdust, or a
special apparatus for the purpose (the
tllustration (Fig. 71) was constructed
from a sweet-box, the two sides being
replaced by glass}—and two glass jars
which can be tightly corked.

Preparation

Revise the subject-matter of Lesson 1,
the general appearance of the seeds
dealt with, etc. Let the scholars who
planted the seeds in the flower-pots
remove same. What has taken place ?

Preseniation

The seeds in one pot have swollen,
the others are the same as they were.
Why ? (After examination, the seeds
should be replaced.)

Now hand out the soaked seeds with
instructions not to touch. Explain to
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the class that the seeds have been
soaked in water. Using a dry Bean,
demonstrate to the class how to hold a
seed between the thumb and first
finger—the scar towards the observer.
Let each child take up a specimen.
Now instruct scholars to squeeze the
seed lightly and notice what happens.
Two points should be noticed: (1) Water
oozes out of a small hole just below
the scar; (z) the skin is soft.

Allow the class to work in groups of
four; one of each group should now
carefully remove the skin. The in-
ternal structure can then be simply
treated. Generally the scholars will
note the young plant lying between
two thick parts. At this stage it is
sufficient for the scholars to know
that inside the seed coat is a tiny plant
having two large leaves.

Suin up the information gained,
using the seeds placed in the moist and
dry soils to 1llustrate the points.

1. Seeds swell when soaked in water
or placed mn moist sol; the skin be-
comes soft.

2. Each sced of the Bean or Pea
consists of a seed coat, a tiny plant and
two large leaves.

Let the class draw or model the
internal arrangement of a seed or
write a few sentences on the observa-
tions made.

Before the lesson closes, call atten-
tion to the fact that the seed omly
swells in water or in the moist soil.
What is necessary to make the tiny
plant grow bigger ?

Explain to the class the structure of
the germinator (do not, of course, use
this term). Let the scholars see that
the jar is filled with sawdust. Allow
one or two scholars to place the soaked
seeds in between the blotting-paper
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and glass. Knowing that the soil is
damp, let one scholar carefully molsten
the sawdust.

Leave the glass jam jar or germina-
tor in such a position that observation
may easily be made by the class.

By means of suitable questions, call
attention to the fact that when the
seeds are put in the ground, they are
in the dark, Will the seeds in the jar
grow in the light ?

In succeeding lessons the class should
discover that seeds will grow (ger-
minate) if they are kept moist. Ulti-
mately they should be able to say that
a seed of the Pea or Bean is a tiny
plant with two leaves containing food
packed inside a strong coat.

An interesting experiment can be
carried out as follows :

The unused soaked seeds should be
placed in one bottle, completely filling
it. The cork should be fastened down
securely. Fill a similar bottle with dry
seeds and again cork tightly. Let the
class observe results.

BRIEF NOTES FOR LESSON ON
CATKINS
Catkins
SUITABLE FOR STANDARD III
Asm
To give children a simple idea of tree
flowers.

Apparatus

Catkins of Hazel, and a few twigs of
other trees,

Preparation
A simple talk about trees, leading up
to the consideration of catkins.
v—16
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Procedure

If convenient, a visit to the trees
mentioned would be an advantage and
stimulate a greater interest. Failing
that, twigs of the trees should be given
to groups of children.

The Long Hazel Catkin or the Maie
Cathin.—What do you notice about
the long, drooping parts of the hazel ?
When you shake them, what do you see
falling? A yellow powder. What is
the powder ? Itisthe pollen justas you
find it in the Celandine and Primrose.

The Female Catkin.—Call particular
attention to the twig. What is strange
about the buds ? Some of them have
little bright-red hairs coming out of
them. Tell the class that certain buds
contain flowers, too, and illustrate the
formation on the blackboard. These
are the female catkins, from which the
nuts are formed.

Now examine the Willow catkins.
It will be noticed that there is not a
great difference between the two kinds
of catkins. Look at them and point
out the difference. One shows pollen
dust ; the other contains little bottle-
shaped pieces. Call attention to the
fact that the pollen is not covered up
or protected by petals, but can easily
be blown away by the wind. Show,
by simple diagrams, the arrangement
of the staminate and carpellary florets.
Point out the nectary at the base of
the Willow florets and ascertain what
this might attract. By careful treat-
ment, lead the class to see that the
pollen from the Hazel is blown about
by the wind before the leaves appear,
hence this can easily fall on to the red
hair-like stigmas.

With the Willow, the male and female
are on different trees. Insects search
for the nectar and carry the pollen
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from one tree to the other. Some of
the pollen is blown about by the wind,
and may reach the female florets. Call
attention to this wonderful arrange-
ment of Nature.

Let each child use a lens for the
examination of the catkins and make
drawings of the structures noted.

Summary

I. Catkins are the flowers of trees,
e.g. Hazel.

2. There are two kinds, the male
and female.

3. The male is much prettier than
the female catkin. It holds the pollen,
which is carried away by insects and
the wind.

4. They appear a long time before
the leaves, except in the case of the
Birch.

For blackboard sketches, see Fig. 38.

BRIEF NOTES FOR LESSONS ON
MEMBERS OF THE BUTTER-
CUP FAMILY

SUITABLE FOR STANDARD 1V

First Lesson—The Lesser Celandine
(Fig. 70)
The Lesser Celandine (Ranunculus

ficaria), often called the Smaller Celan-
dine, incorrectly called a Buttercup.

Apparatus Required

Several complete plants; flowers
sufficient for each scholar to have a
specimen ; specimen growing in a
flower-pot, planted the day before
lesson ; botanical lenses (one between
two scholars).
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Observational Features

Call attention to plant in pot. Place
specimen in the dark—a cupboard will
serve the purpose ; remove after about
twenty minutes; note appearance of
flowers. Are they sensitive to light ?
Outdoor observation of plants under
natural conditions to test sensitiveness.
Early Spring flowers, March and April,
found in hedgerows and damp, shady
places.

Rooting System.—No definite tap
root. Tuberousroots; examine tubers
to ascertain if they possess buds or are
formed by the swelling of roots, which
do not arise in any particular order
(adventitious roots form tubers and
act as food reserves).

Leaves.—Heart-shaped or cordate,
on long stalks (petioles); dark green
and shiny.

Flowers.—Yellow, single flower on
a stalk; three sepals, eight petals,
numerous anthers and ovaries (carpels).
Note how the anthers cover the ovaries.
Why ?

Drawings to be made of leaves, dis-
sected flower and rooting system. Test
tubers for starch.

Other Lessons

Lessons taken when flowers of the
various species appear, e.g. Creeping
Crowfoot or Sitfast (Ranunculus repens)
June to August; the Buttercup
(Ranuncwlus bulbosus) June to Sep-
tember; Celery Leaved Buttercup
(Ranunculus celeratus) June to Sep-
tember ; Water Crowfoot (Ranunculus
aguatilis) June to August.

Apparatus Required
Same as for the Celandine.
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Creeping Crowmfoot

Long, strong, straight white roots,
difficult to remove from gardens and
fields.

Creeping Stems or Runmers, hence
colony of this weed quickly formed ;
other plants choked.

Leaves.—Large, deeply indented, lie
close to the ground.

Flowers.—Single on stems; five
sepals, five petals, a large number of
anthers and carpels.

Notice nectary at the base of each
petal ; insect pollination, cross pollina-
tion. Outer anthers shed pollen before
carpels are ripe; inner ones can pol-
linate carpels if cross pollination has
not been effected.

The Butlercup

Bulbous root; tall flower stalks.
Two kinds of leaves; one from the
ground, other from flower stalk ; deeply
indented.

Familiar lower of meadows. Flowers
single on stem—cymose. The sepals
in the flower are bent back against
the stem—a distinguishing feature—
otherwise floral details are the same as
Ranunculus repens.

Waier Buttercup or Crowfoot (Ranun-
culus aquatilis)
Found growing in ponds and

marshy places. Two kinds of leaves
—finely divided, submerged and aerial.

Celery Leaved Buttercup

. Found growing in ditches and at the
sides of ponds. Flowers similar to
other types, but smaller petals.  The
leaves are deeply indented.
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Information necessary for the Teacher
to supply

The members of the Buttercup family
are all poisonous. Notice that a cattle-
grazed field is often quite yellow with
untouched Buttercups. This is due to
the bitter juices present in the leaves
and stems ; test this by chewing a leaf
for a few moments.

Goats will occasionally eat Butter-
cups, but Horses, Cows and Sheep
avoid them (the possession of bitter
juices is the most common protection
of soft herbaceous plants against the
attacks of grazing animals).

The leaves of the Celery Leaved But-
tercup possess acrid qualities. In pre-
war days, tramps who wished to secure
compassionate treatment in work-
houses rubbed their hands with the
leaves, the juice of which sets up an
irritation and produces blisters.

Often when hungry animals are
turned out into a field containing But-
tercups, they will consume many in
their eagerness to obtain food, and on
the following day their inouths and
tongues are sore and blistered.

Many Buttercups in the dry state
must enter largely into the composi-
tion of hay. Their acrimony is lost,
however, in drying, and hence they
become harmless and probably nutri-
tious.

The Monkshood (Aconitum) is a
member of the same natural order.
The juices obtained from the leaves,
stems and roots are used for medicinal
purposes at the present time. The
flowers of the Monkshood are generally
blue in colour and different in general
appearance from the Buttercup; the
arrangement of the essential organs,
however, is identical. The root 18
thick and tuberous, and is sometimes
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mistaken for that of the Horse-radish
with fatal results. When lessons on
the Buttercup family are being given,
it would be well to point out the
characteristics of each root, e.g. the
root of the Monkshood has a tapering
form, similar to the wild Carrot; its
taste is bitter, causing the lips and
tongue to become numbed and tingling ;
it has no particular smell. The root
of the Horse-radish does not taper; it
is practically the same size throughout
and ends quite abruptly. When fully
developed, the Horse-radish is a dirty
yellow, the Monkshood being dark
brown. In the early stage the root
of the Monkshood is white, that of
the Horse-radish being yellow. It is
pungent but not bitter to the taste.

A Later Lesson
Fruits—taken during Autumn.

Observe the collection of small bodies.
Are they seeds or fruit~ > (Compare a
fruit with a nut.) The outside 1is
tough and leathery and does not burst
open to release the seed. *‘ Achene”
is a special name given to this type of
fruit.

The Monkshood shows a slight varia-
tion in its fruits. These are long and
many seeded. The outer covering is
tough and leathery, but each fruit
splits along one side to release the seeds;
the name “follicle "’ is applied; the
nut and achene are known as dry
indehiscent fruits ; the follicle is a dry,
dehiscent fruit. Other typical ex-
amples of the natural order are found
in the Wood Anemone and Anemone
Japonica (achenes); Marsh Marigold,
Columbine, Larkspur, Winter Aconite
and Hellebore (follicles). When fol-
licles are being examined, it is easy to
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call attention to the likeness of such
structures to a leaf folded over—
technically the carpel forming the
follicle is a leaf united along the edge
of the lamina ; the edges of the leaf
form the point of attachment for the
seeds. The pods of the Pea and Bean
are other good examples of this modi-
fication.

NOTES FOR LESSON ON SNAILS
SUITABLE FOR STANDARD V
Aim
To give the class an elementary

knowledge of the life-history of the
Snail.

Apparatus

A terrarium containing Garden
Snails and Slugs, Water Snails in an
aquarium, Several Snails, sufficient
for group work, an old photograph plate
which has been cleaned or a piece of
glass for each group to use. A Snail
on the glass in front of each group.

Preparation

A few questions might be asked to
find out what previous observations
the scholars have made. Many points
will, no doubt, be given—the destruc-
tive nature, tracks left by Snails, etc.

Presentation

The shell will be the first part for
observational work ; its shape, size,
etc. Let the scholars turn the glass
over, holding it above the desk. Note
{hat the Snail is attached to the
glass by means of a muscular foot,
which extends along the entire length
of the animal. It is by means of this
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organ that all Snails (and Slugs) creep
along. The Snail will, no doubt, move ;
notice how the movement takes place
—expansion and contraction of the
muscular foot, aided by the ejection of
sime or mucus. This is given off
from the whole surface of the body.
Reverse the glass and lay on the desk.
Observe the position of the two pairs
of “horns.” The more posterior
*horns ” or tentacles bear at the tips
a black spot, the eyes. Carefully
touch one and it should be observed
that the tip sinks first. The other pair
of tentacles act as feelers, and these
also can be withdrawn.

It may be necessary to give informa-
tion on one or two points, e.g. the shell
is made of lime obtained from the
plants consumed. When damaged, the
Snailis able to repair or patch up the
hole in a short time. The mouth, at
the anterior end, consists of a hard and
hormy upper jaw bounded by soft
lateral lips and by a short horizontal
lower lip. As the Snail moves, a cream-
coloured collar is noted between the
edges of the shell and the body. On
one side of the collar is a large hole
which alternately closes and opens;
through this opening the animal
breathes, air being taken through the
opening to the part of the body which
acts as a lung (between the mantle
fold and the dorsal surface of the
body; in this chamber are a large
number of blood vessels, which receive
fresh supplies of oxygen before enter-
ing the heart).

The foot is covered with a large
number of tiny hairs or cilia, and by
these and the muscular expansion and
contraction the body is moved along in
the canal of excreted slime,

The terrarium will, no doubt, con-
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tain eggs of the Snail. These are
generally round, white and shiny bodies
found in batches of sixty to seventy.
It is interesting to discover the time
taken for the eggs to hatch out. This
point may be given as observational
work after the lesson. The young Snails
have thin, transparent shells, which
increase in size and change colour
rapidly.

Natural enemies of the Snail might
be discussed. Most children know
how the Thrush breaks the shell of the
Snail. Fowl are also particularly fond
of Snails, and when in the young stage
they form the chief food of Toads and
Frogs.

Compare Slugs and Snails with the
Water Snails in the aquarium ; general
structure is much the same with the
exception of the shell.

Conclusions

Snails and Slugs belong to a family
of animals called Mollusca ; most shell
fish belong to the same family. They
feed chiefly at night by drawing the
food between the rasp-like lower jaw
and the horny upper one. During the
day they hide in a cool spot, hidden as
a rule by decayed foliage or any litter
left about.

Often Slugs bury themselves in the
ground, coming out after rain.

During the winter, Snails hibernate.
Clusters of shells are often found in
rubbish heaps, in the trunks of rotting
trees and under decayed vegetation in
a sheltered and dry hedgerow. The
shell is partiaily closed by a homny
secretion at this stage.

Slugs bury themselves in the soil
during cold weather, but they continue
to feed throughout the year when
temperature conditions are favourable.
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NOTES FOR LESSONS ON SUR-
FACE TENSION

SUITABLE FOR STANDARDS VI
AND VII

First Lesson
Aim

To enable the scholars to understand
why the bodies of aquatic, air-breath-

ing larve do not come above the sur-
face of the water.

Apparatus

Sewing and knitting needles, a large
bowl or vat, a glass tumbler and a
supply of water.

Preparation

The class, before the lesson, should
have been instructed to observe the
Black or Brown Beetle larva and
the Water Beetles or Boatmen in the
aquarium. Questions might be asked
dealing with the observations. It
should be noted that the insects or
larve remain still and rise to the sur-
face of the water. Why ?

Presentation

Experiment 1.—Call a scholar to the
front of the class and instruct him to
dip his finger in water and lift it out
again. Let the class make observa-
tions. The water does not run off,
but forms a big drop at the tip of the
finger. Note the rapidity with which
the drop comes to rest.

Experiment 2.—Take a sewing needle
and poise over the water by means of
the prongs of a fork., Lower both to
the surface of the water in a tumbler ;
gently lower the fork below the surface ;
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the needle will be left floating. Touch
one end of the needle ; it immediately
sinks to the bottom. Let a scholar
repeat the experiment.

Experiment 3.—Carry out similar
experiments, using a large vessel of
water and a knitting needle.

Experiment 4—Fill a tumbler with
water until the water level is as high as
the edge of the glass. By means of a
pipette, add more water. The class
will observe that the level of the water
rises above the edge of the glass, and
if care is taken a considerable quantity
can be added before water is spilt.

Experiment 5.—Let a scholar dip a
paint brush in water, and ask for
observations after it is taken out. It
appears as if there is a coating of some
kind keeping the hairs together. An-
other scholar should make observations
on the hairs of the brush when in
water.

Experiment 6.—Take the leaf of any
plant having a long petiole—Geranium,
Nasturtium or Primrose. Blow down
same and note the bubble of water
appearing on the under side of the leaf.

Conclusion

Let the scholars working in groups
try one or more of the experiments
and make notes on their observations.

1. A needle made of steel will float
on water.

2. Water forms a film round the hairs
of a brush.

3. A tumbler full of water can be
made over-full. Water seems to pos-
sess a ‘‘ skin,”” The cohesion between
the particles (molecules) at the surface
appears to be greater than that between
the molecules in the body of the
liquid.
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Second Lesson
Apparatus

A strong soap solution, a clay pipe,
two thin strips of wood (ordinary
matches with the heads cut off will serve
the purpose), a small amount of thread.

Preparation

Revise previous lesson. The name
surface film should now be applied to
the “skin ” of water, and as the film
exerts a certain ‘“ pull,” the term ten-
sion might be given (reference might be
made to an elastic band or the string
of a violin).

Presentation

Surface tension can be shown in
other ways. Let a scholar blow bubbles
with the pipe. What is each bubble ?
—an exceedingly thin film of soap and
water inflated with air. It should be
observed that the bubbles easily float
about, get smaller and soon burst.
The brilliant colours may call for ex-
planation—these are produced by the
action of light falling on the film.

With the two thin strips of wood
and thread, form a square. Into the
centre of one strip run the point of a
darning needle. Dip the framework
into the soap solution. On lifting out,
a film of soapy water is formed in the
square. It will be observed that the
threads will curve inwards by the ten-
sion of the film. (In reality this is a
double film.)

Try similar experiments with a thin
ring of metal or a thin strip of wood
bent in the form of a circle, dipped
in the solution by means of a thread.
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It will be known that objects lighter
than water bulk for bulk float on water.
The larva of the beetle is lighter than
water, and hence, when movement
ceases, it rises to the surface, the
heavier part of its body downward.
Which organs break the surface film ?
In this position it can remain sus-
pended, taking in air through the
spiracles. A certain effort is neces-
sary to get the spiracles under water
again.

What would happen if an aquatic
larva came above the surface film?
Great difficulty would be experienced
in re-entering the water. Why ?

NOTES FOR LESSON ON THE

WINTER MOTH—SPECIALLY

WRITTEN FOR TEACHERS OF
GARDENING

The attacks of the caterpillars of
this particular Moth are not confined
to fruit trees. All trees, with the ex-
ception of the Pine, are attacked, and
hence there is great difficulty in con-
trolling the pest.

The gardener or fruit grower must
take precautions if he wishes to keep
his trees intact, and even in school
gardens preventive measures should be
taken.

Life-history

Early in October and onwards to
December, small Moths may be seen in
the evening flitting about near fruit
trees and hedgerows and often near
artificial lights. These are the males,
and they are greyish brown in colour
with dark, wavy lines on the forewings,
but with hindwings of grey without any
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markings. When fully grown
the wing expanse is I to 1}
inches.

The female Moths are quite
different ; they are practically
wingless, since their tiny,
shrivelled-up wings are too
small for support in flight. In
general appearance they re-
semble Spiders, having long legs
and comparatively large boedies.
Early in October the female
Winter Moths emerge from
chrysalides buried in the ground
at the foot of the tree, and
crawl up the trunk. During
their journey to the terminal
points, the male Moths pair
with them and, unless prevented,
the females deposit eggs on the
terminal shoots at the base of
resting buds. These eggs may
be laid singly or in groups, and
it has been calculated that each
female may lay 150 eggs or
more. The eggs can be seen with
the aid of a good lens. They are,
at first, small, cylindrical and green,
but later on assume a reddish colour.
In early spring the eggs hatch out into
tiny caterpillars, which consume buds,
blossoms and young fruit. They have
greenish skins with white stripes, six
true legs and two pairs of claspers
behind, and move by “ looping.”

Towards the end of May, when fully
fed, they let themselves down to the
ground by means of silken threads, and
form chrysalides in the soil. Moths
develop from these between October
and December and carry on the cycle
of life.

Protective Measures
If the study of bird life has been
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A USEFUL TYPE OF GERMINATOR.

The class can readily observe the development of seeds.
The sides are made of glass held in position by metal-work.

closely followed, the class should recog-
nise that many thousands of the cater-
pillars are consumed as soon as they
hatch out; in fact, many of the eggs
are destroyed by Finches during the
winter months. However, the birds
do not keep the pest in check, and
other methods of control have to be
adopted.

Generally standard fruit trees are
grease-banded ; this prevents the wing-
less females from ascending to the
terminal buds.

Great care is necessary in banding.
A good quality grease-proof paper,
9 inches wide, sbould be {fastened
securely round the trunk of the tree
4 to 5 feet from the base. Itis advis-
able to fasten the paper in two places
—one piece of string an inch from the



CENTRAL INSTITUTE COF EDUCATION

LIBRARY
3/

QLY

N

L3228

Date-of i

Call Uo.

i0.

1

AccC.

34

©

&)

T

T T T L R

- e w @ e = e e e = e w w e e e e e .

.~ = e e e e e =



Enucfmonu LIBRARY
¥ RDUCATIO
NEW {DELHI. / .

y be refained for a perigd not
exceeding one mpnth by membeys.

damaging| it will constitate/an inj

tearing orjtaking jout pa_gea:s?t
a book.

Any suchi injury fo o boy/k/us/ serious
offence. s o borrower poi the
Mmjury time of borrowi k, he
shall j‘ quéred to replacs’ the /book or
pay

Subhash Bros. P, B. 148, New Delhs.

wlo 2



as3™

top of the band and another an inch or
more from the bottom. There are
many adhesive compounds on the
market useful for grease-banding.
Tanglefoot is very effective and retains
its stickiness for some considerable
time. When the paper has been placed
in position, this should be applied to a
width of about 6 inches by hand. A
smooth surface is not necessary ; it is
preferable to arrange the material in
horizontal ridges. Occasionally the
material should be examined to see if
the “ tacky " surface is still retained ;
a light scraping occasionally will also
assist in keeping the band in a good
condition.

Bush and half-standard trees cannot
be ‘ banded,” and hence it is necessary
to spray these at the time the eggs
hatch out—as soon as the leaves
appear. The most effective material

for this purpose is lead arsenate. As
this substance is poisonous to man, the
greatest possible care is essential ; in
fact, it should only be used by teachers
who thoroughly understand its nature,
Half a pound of lead arsenate paste is
sufficient to make 10 gallons of spray
fluid. This must never be used when
the trees are in bloom, otherwise all
bees visiting the tree will be destroyed.

Another spray which can be used is
Burgundy Mixture, made up as fol-
lows:

Copper sulphate $ 1b.
Sodium carbonate . $ 1b.
Water 3 gallons.

The salts should be dissolved in water
separately and then slowly mixed.
When this solution is used, spraying
should take place before the buds open,
that is towards the middle of February.
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