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PREFACE 

As a result of the present efforts to raise the standard of educntion In 
this country, many different / l Methods of Teaching" are receiving 
our grave consideration. So insistent are their advocates, that we 
stand in some danger of forgetting that iearPl;ng. rather than 
teaching, is the essential factor in education. It is not the know
ledge given us ready-made by the teacher, but that which we 
Jearn, acquiring it by our own efforts, which enters into our being 
and becomes a lasting possession. 

Therefore this little book does not pretend so much to leach as 
to act as a goide along the road for those who desire to learn 
something about the plants around them; hence it points out how 
much they can easily see for themselves of the wonderful life and 
work of the silent plants. 

It is planned lor children, whose quick sympathies are more 
readily drawn towards the life of things than to the dry lacts of 
morpbology or classification. Its " Leitmotif" is therefore the story 
of life, and those of its activities which find expression in the pIao! 
world. Perhaps it may serve to awaken interest in some older 
people who have not yet been initiated into these mysteries. 

As is inevitable, most of the actual facts in this book are already 
the COmmon property of botanists, though some of the suggested 
work, such as the mapping, is only now being adopted by the 
Universities. 

The most interesting subjects are often left out of the more 
elementary books, or even if given are frequently set forth in 
such a lifeless aod· pedantic fashion, that little real interest or 
understaoding has been awakened in the young student The 
present work attempts to avoid the lime-worn melbods of arranging 

• the subject. Children generally know more about the behaviour 
vii 



PREFACE 

of animals than that of plants (being themselves animals and fre · 
quenUy having killens or other pets); hence, the parallels between 
Lhe life·functions of plants and those of animals are pointed out 
whenever possible. Once the idea of their" Hvingness ,. has been 
fully realised, it is time to go on to the study of (he details of the 
plant 's body, and then to tlle communities of plants which grow 
together. In this way the child call work out from its own obser
vations a complete and logical idea of the livitlg plant, instead of 
having merely acquired a detailed but fruitless knowledge of harren 
fa cts. 

To burden a child's memory with long names is not only useless 
but harmful, therefore an effort bas been made to use only sbort 
and simple words. A few scientific terms are introduced where 
lhe)' are really of value as describing things which are not generally 
noticed, and so do not COme into the usual English vocabulary. 
In such cases it is far better for tbe child to learn lbe correct 
scientific name than to be provided with a clumsy Iransl.tion 
consisting of several EngHsb words which can never give the 
precise meaning. 

The use of a microscope is not to be recommended for those 
beginning the study of plant life, and the chapters have been planned 
50 that no grealer magnification than that of a good hand lells will 
be needed. This, however, makes it difficult to explain the life 
histories of the fern and other primitive plants; hence in lhe chapters 
bearing on them stress has not been laid on many of the funda· 
me.ntal points which are only to be seen with the microscope, but 
on those facts which can he observed without it. 

The chapters on the families of plants attempt to bring out the 
reasons for the separations of the few great groups only; detailed 
classification of the flowering plants ha$ so long been considered the 
chid part of botany, that it is to be found in nearly every school
book on the subject. 

U this book should be used as the te.xt-book for young children, 
the teacher will probably lind it necessary to enlarge on the instruc
tions· for the work suggested in the last three chapters, which 
were added chiefly for the gnidance of those who may assist the 
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PART I. 
THE LIFE OF THE PLANT 

CHAPTER I. 

INTRODUCTORY 

MANY people do not realise that plants are alive. This 
mistake is due to the fact that plants are not so noisy 
and quick in their ways as animals, and therefore do 
not attract so much attention to themselves, their lives, 
and their occupations. 

When we look at a sunflower, surrounded by its 
leaves and standing still and upright in the sunlight, we 
do flOt realise at first that it is doing work; we do not 
connect the idea of work with such a thing of beauty, 
but look on it as we should on a picture or a statue. 
Yet aU the time that plant is not only living its own life, 
but is doing work of a kind which animals cannot do. 
Its green leaves in the light are manufacturing food for 
the whole plant out of such simple materials that an 
animal could not use them at all as 'food. Even its 
beautiful flower is creating and building up the seeds 
which will form the sunflowers of the future. All 
animals directly or indirectly make use of the work 
done by plants in manufacturing food, for they either 
live on plants themselves, or eat other animals which 
do so. 

Plants are living, and therefore require food of some 
kind as well as air and water in the same way, and for 
the same purposes as do animals. As a rule. we cannot 
see them breathing and eating. but that is because we do 
not look in the right way. In our study of plants we 
m~t first learn how to see and q~estion.them properly, 
and when we have done this they will show themselv~ 

l O") 1 .. 



INTRODUCTORY CHAP. I. 

to us and tell us stories of their lives which are qujte as 
Interesting as any animal stories. 

Now the sunflower we have just thought of is 
probably growing in a garden well looked after by 
a gardener, who sees that it gets all the light and water 

.and just the kind of soil it needs. It is therefore pro
tected and cared for to a certain extent, but who looks 
after the wild plants which manage to grow everywhere? 
These have not only their own lives to live, but by 
their own efforts must overcome difficulties which are 
not even felt by the cultivated ones. 

They succeed in a wonderful way, and some plants 
manage to grow under very difficult conditions, even 
in places where they get no water for months under a 
burning sun, or in forests where the overshadowing 
trees cut off the light and rain, Dr under the water 
where they get no direct air. They have to do all the 
usual work of plants, and at the same time struggle 
against the hardships of their surroundings. They are 
like men fightin g for their lives with one hand and 
doing a piece of work with the other. 

The result of this is that they sometimes make them
selves strange-looking objects, and in some plants which 
have had a very hard struggle it is difficult to know 
which part of the plant is which. Look, for example , 
at a Cactus (see fig. 48), which grows in the desert; it 
appears to have neither stem nor leaves like an ordinary 
plant, and to consist merely of a roundish green mass 
covered with needle-like prickles. Yet when you come 
to study the Cactus you will find out that the thick, 
fleshy mass is really its stem, and the prickles its leaves 
which have taken on these strange shapes. By means 
of its unusual form the Cactus can live where our 
common plants would die of the dry heat In a day or 
two. The power plants have of changing their bodies 
so as to fit themselves to live under all kinds of 
conditions is one of the strongest proofs that they are 
aliVe! . . .. 



CHAP. I. INTRODUCTORY 

All the parts of plants have some special life-work, 
just as we have legs and arms for different purposes, 
and every part is formed in some way to sllit the needs 
of the plant and help it to get on well in its home. 

The main thing to realise at the beginning of the study 
of plants is that they are living things, and therefore to 
try to discover the importance of the shape and arrange
ment of all their parts and their relation to the life of 
each plant as a whole. 

We will begin by looking carefully for all the signs of 
life in them, and noting how often these are the same as 
those of the animals, even though the whole plant-body 
is so different from that of an animal. 



CHAPTER II. 

SIGNS OF LIFE 

IF you were asked to give the signs of life In an 
animal, it is likely that you would think at once of Its 
power of breathing, eating, growing, and moving. 
Now when we ask the same question about plants the 
answer does not appear to be quite so easy to find, because 
at first sight plants do not seem to do any of these things 
except the growing. However, the same answer would 
be quite correct for plants, as well as animals, for they 
are really able to breathe, eat, grow, and move i all you 
have to do is to watch them in the right way to see that 
this is the case. 

Weare not in the habit of treating dry seeds as 
though they were alive j beans are stored away in sacks 
all the winter and may be left for months in dry cellars, 
and the precious seeds which will give us our beautiful 
flowers in the summer are put away in boxes through 
the winter. Yet you know that if you place seeds 
in the earth and keep them warm and moist, little 
plants will come up and will grow. What gives them the 
power of growth wllich is not possessed by the stones 
and earth around them? Warmth and moisture alone 
could not put this power into the seeds when we planted 
them. This power, which only belongs to living things, 
was there all the time, but was lying asleep, shut in 
and protected so that it was not easily disturbed till 
suitable conditions made it time for it to wake. 

You know when you are asleep that you do not eat or 
run about, but simply lie still and breathe. Thi~ il 

• 



eM"" . II. SIGNS OF LIFE 5 

what the seed was doing before the baby plant began t.o 
break through its protecting coat and show itself to the 
world as a living thing. 

Let us watch some of these young plants just waking 
up to activity, and see if we can find in them the four 
~igns we take as being the tests of animal life. 

First let us see if we can show that they breathe. 
You know that when you breathe 

you take air into your lungs, use 
some of it, and give the rest out. 
You can show that plants also use 
up some part of the air. If you 
would actually prove this to your
self or anyone else, take some peas 
or beans, soak them in water, and 
leave them in damp sawdust for a 
day or two till the tiny plant has 
just begun to show. Then put 
them on wet blotting-paper in a 
jar which has a very well-fitting 
cork with no leakage, and through 
which a fine bent glass tube is 
fitted. Place a small tube of 
caustic potash in the jar. Then 
piace the end of the bent tube in 
a dish of water, which acts better 

fit~:';r{~~!\u~;:::; if you have dissolved some caustic 
~ nf.!:':!it~· f~:i:~ potash in it (seelig. r). Once it has 
jar dil?" into <list of water begun to rise in the tube, mark the 
~a~~bi~"t~":~::~ level of the water with a small 
three da,... (6) Small tobe label. If then you mark it daily 
of caustic potash. the labels will show how much 
water has risen each day, and the amount of water 
rising in the tube shows us the amount of air which 
has been absorbed by the growing beans. 

This tells us, therefore, that air is absorbed by plants in 
the course of their growth. But there is another thing we 
mnst notice about breathing which is equally important. 



6 SIGNS OF I.IFE CHAP. II. 

Vou will fin d that you yourself, as well as all animals, 
not only use up a part of the air, but also give out 
a waste product which we call carbonic acid gas. 
You can see one of tbe characters of this gas from your 
lungs if you take a jar of lime water and breathe into it 
for some time. Compare tbis with a similar jar of lime
water through which otdinaryair has been pumped at 
about the same rate for 
the same time, and you 
will see that the one 
you have breathed into 
has gone very much 
more cloudy-white than 
[he other (see fig. 2). 
The cloudiness in jar A 
is caused by the waste 
gas (carbonic acid gas) 
which you breathe out, 
and which combines 
with the lime in the 
lime - water to make 
solid grains of chalk. F ine white chalk grains always 
form in lime-water when this gas is present, so that a 
jar of clear lime-water is a very good test for the 
prescnce of the gas. 

The giving out of carbonic acid gas is one of the 
mo~t characteristic things about animal breathing, and 
we can show that plants in breathing give out this gas 
too. 

To prove this, take another jar with a well-fitting cork, 
and put some beans and peas, which are just beginning 
to grow, into it, with a little damp blotling-paperto keep 
th em sufficiently moist. Leave the jar closed for a day 
or two and then open it and quickly and gently pour in 
some lime-water. Put the lid on again at once and 
shake it up. Vou will find that the lime-water turns 
quite milky, showing that the same waste gas is givtll out , 
by tile plants as was given out in your own breath. 
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These experiments show us that plants breat he in a 
part of the air, and also breathe out some of the same 
waste gas which is given off by animals in breathing. So 
that we have found that plalt!s do breathe. 

Now to go to the other signs of life. I think you will 
hardly need to do any special experiment to show that 
seedlings grow into big plants, you must have seen it so 
often for yourself in the woods and fields and gardens. 

We have still to show that plants eat alld move, but 
before we can do this properly, we must learn a little 
more about the parts of the bodies of the plants them· 
selves, for they have quite a diHerent set of organs to 
those we are accustomed to in animals, and their way of 
eating is so different from that of animals that \Ve cannot 
understand it immediately. 



CHAPTER III . . 

SEEDS AND SEEDLINGS 

IF we wish to follow the whole life of a plant, we cannot 
do better than begin by watching the baby plant 
" hatching" out from Its seed at the beginning of its 
active life. 

There are many seeds which would be good to begin 
work on, any kind would be interesting, but it is best to 
use some nice big ones which alJow us to see the parts 
easily. Good ones to choose would be broad beans or 
peas. Notice first the size and shape of the dry seed of 
the bean, make a drawing of it, and then place it in 
water. After a few hours you will see that the outside 
skin wrinkles up j this is because the skin absorbs water 
and increases in size, and so becomes too big for th~ 
rest of the seed (see fig. 3, A, B). After the water has 

soaked right 

Q 
into the sub-
stance of the 
seed you will 
find that the 
outer skin fits 

13 . c again and is 
once more 

Fig. 3. A single Bean seed, A dry; B half eoaIced, smooth, and 
when the sldn wTinkles; C fuJly eoaIced and owollen. that the whole 

seed is larger 
than it was before it was soaked (see fig. 3. C). 

Take one of these soaked beans and examine its 
structure. Notice the black mark where it was attached 
to the parent pod, and the I~ttle triangular ridge pointing 
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towards it (see fig. 4, A). Now carefully peel off the 
skin, noticing that there are two skins, an outer thick 
one and an inner thill one, which protect the parts 
within. When you have removed the skin, you will 
find that the inner portions of the seed split very readily 
into two thick fleshy parts, and that lying between 
them is a tiny young plant. Notice how this young 
plant is connected on either side with the fleshy parts, 
so that to separate them you must tear one side or the 
other as in fig. 4 B, where at (a) we see the scar left 
where the tiny plant (Pl was torn from ihe side. The 

t"ig. 4- A, outside or Bean; (h) black 
scar showin~ where the bean was attached 
to the pod i r' ridge m.'lde by young root ; 

~~b':~~a:f;li(tJ)~ ~~e~eur:e I:~;S ~~l 
was separated from the nurse leaf on that 
,ide. 

two big fleshy parts 
are really portions of 
the young plant, and 
are in fact its t"vo first 
leaves, but they are 
very different from or
dinary leaves, and aru 
packed with food sub· 
stances, and are called 
the coty ledons, or 
" nurse-leaves." Notice 
also the tiny root of 
the baby plant or em
bryo, as it is called; it 
bends a little to the 

outer side, and fits into a kind of pocket in the skin of 
the coat. You can see the shape of the root even from 
the outside of the dry bean (see fig. 4, A (r)). You will 
find in the pea, cucumber, and many other seeds, that 
there is also the tiny embryo with its two nurse leaves, 
the whole being protected by strong coats. The differ
ences between the bean, pea, and cucumber seeds are 
only in the details of shape and colour, not in the actual 
parts of the seed. 

In the case of maize and corn, however, you will find 
that the seed does not split into two equal parts like the 
bean, but that the young plant lies at one side of the 
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seed, and a solid white mass fills the rest of the space 
(see fig. 5). There are also differences in the seedlings 
which you will notice when they begin to grow. 

Now that you have ex· 
amined some seeds, you 
should start a number 

®. 
'

growing, so as to have 
, _ . \ ,,-. plenty to watch. They 

will grow more quickly 
A. B. ~ if you soak them in water 

...... for a night before you 
plant them in damp saw-

Fig. 5. 1>., outside uf dust, and keep them 
Maiz. frujt, sbowing th. moist and fairly warm all 
embryo (e) on one .ide; the time. You ' should 
~gS~~ur:ff,)~~ :':; have a number of seeds 
~ C, the ssm. further of each kind planted to· 

wn. gether to provide enough 
for you to dig up one of them every day and examine 
it fully, illside as well as out. Make a drawing of each 
one so that you will have a complete series of drawings 
showing how the young plants grow. This will kill 
them, so that you must leave at least one seedling 
which is never touched, 
and which you can 
watch all through its 
life. 

As the young plant 
grows, notice how it 
breaks away from the 
protection of its nurse 
leaves; first the root 
comes out and bends 
downwards into the saw
dust (sec fig. 6 A), tben 
tbe little shoo! which 
bends up into the air. 

8 . 

. 

A. 

Fig. 6. Growth of Bean seed
Jing: A., the root only showing i 
B, the roOt lengthening and moot 
appearing. 

Whichever way you plant the seeds you will find this 
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is always the case, for even if you start with the root 
pointing up, it will bend round and grow downwards 
while the shoot bends up (Set p. 41). 

As the plant gets bigger, side roots grow out from 
the main one, and the little leaves of the shoot begin 
to open out-the whole plant is 
growing (see fig. 7). ,~, 

Now we may perhaps begin ' ~ 

to find out something about the ~ 
question of feeding in plants. 
What are the nurse-leaves doing all ) 
the time the plant is growing? You 
will find in the bean that the seed 
coats may split open a little, but ~ 
that on the whole the cotyledons .' 
remain all the time enclosed in ..' 
them, and attached to the young . -: . 
shoot (see fig. 7). Examine the nurse 
leaves of seedlings of different ages, 
and you will see that they are much 
less thick and fleshy in the older 
seedlings. As the plant gets bigger 
the nurse-leaves get thinner and 
less until they become merely dry 
shrivelled remnants. 

Now, what use could the cotyle
dons be if they only shrivel away1 

Take a freshly soaked seed and 
cut a thin slice of the nurse-leaves 
and drop it into a little solution of Fig. 7. Later ltag. In 

iodine j* the tissue will g? aviolet ~;gr~~lbr~ ~e1= 
blue colour. Then drop IOdme on and lb. shoot enlarged. 

a piece of bread, a piece of potato, 
and some boiled Tice, and you will find that they also 
go blue, or almost black. The food in the Durse-leaves 

• Get a chemist to make a solution of iodine and potassium iodide, 
which should be a bright, clear, orange colour. 
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IS m some ways the same as that in bread, potato, and 
rice, and in many other things we eat. 

The part of the food which goes blue with iodine is 
starch, and this blue colouring of starch with iodine is 
an easy and safe lest for it. You will see the same 
colour if you take some ordinary laundry starch and stir 
it up with hot water and a little iodine. Look now at 
the corn seed; the white solid mass in the seed con
tains starch, as you can prove with iodine, and although 
it is not in the cotyledon, yet it is quite near the young 
plant, which can get at it easily. 

We have found, therefore, that young Plants have a 
store of food in their nurse-leaves, 01 near them in the seed, 
and that this food is the same as very much of our own 
food, that is, it is starch. There are other food sub
stances present, too, but they are more difficult to find. 
The seed, therefore, contains not only the young living 
plant itself, but also a storehouse of food for its use, and 
as the plaut grotlJs we see this store getting less and less 
in the shrivelling cotyledons. This shows that the 
young plant uses up this food in the course of its 
gro\Vth. 

But you must not forget that, although we find the 
young plants provided with food in this way, we have 
not yet settled the question of the food supply for all 
plants. As we see, the cotyledons shrivel up and are 
emptied of their store long before the plant is full 
grown. Remember that baby calves have milk for food, 
while old cows have grass. And when the store of food 
supplied in the seed is finished the older plants must 
find new supplies for themselves. 

In growing seedlings you must always keep them 
well supplied with water, the sailor sawdust in which 
they grow must be kept moist. If you take one out of 
the sawdust and try to grow it only in the air, you will 
find that it soan dies. Even for the seedling the store
house of food is not enough; it requires to have water , 
too. 
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You can keep seedlings growing quite well, however 
if you place them in glass jars so ' 
that their roots are in water, or M 
even in closed glass jars stand- ~ 
ing over water, so that the air is 
thoroughly moist. You will then 
be able to see very well numbers 
of fine white hairs 00 the roots 
(see fig. 8). These hairs are very 
important and absorb the water 
which keeps )be whole plant 
moist. 

You have now seen that seed· 
lings require water for their life 
lust as animals do j and also that 
young plants are provided by their 
parents with a store of load which 
is largely starch, and which they 
use up during their early growth. 

Fig. 8. Maize seedling. 
growing enclosed in damp 
air, lupporled on a wire 
_bnd over dish of water 
eo that their root. do not 

~~~N~h~~~cJf[io~' ~~i~~ 
trowing out ftom \be root .. 



CHAPTER IV. 

FOOD MATERIALS OF THE OLDER PLANT 

(I) IN THE SOIL 

As we have just seen, young seedlings are supplied 
with stores of food, starch, and other things, which are 
packed in their cotyledons and are used up by them as 
they grow. But we also saw that as the plant gets 
older these stores get emptier, and finally the nurse 
leaves shrivel up entirely when their contents are ex
hausted. All the same, however, the plant continues 
to grow. Surely it cannot do this on nothing, any more 
than an animal could? When the young calves cease to 
be fed with milk, their food changes, and they begin to 
eat grass j this gives them individually more work, for 
grass is not a "prepared food" like milk. Very much 
the same thing happens with seedlings. Their prepared 
food supply gets used up, alld they must find food [or 
themselves. Where do they find it' 

When you remember the fine hairs on the young 
parts of roots which absorb water from the soil or saw
dust, it is quite natural to think at once of the soil as 
a possible place for them to find their food j and, in
deed, this is partly the case. The waler in the soil is 
not perfectly pure, for there are many different" salts " 
dissolved in it. By" salts " one does not mean only 
table salt, but also any kind of mineral in solution, such 
as salts of iron or portions of chalk or limestone, or even 
some of the minerals which make up granite. These 
may aU be dissolved in rain-water just as sugar is dis
solved in your tea, and so spread equally through it. 

l< 
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As the water enters the roots of plants through the 
hairs, these dissolved salts come in with it, and so get 

d i stri buted 
over t he 
whole plant. 
The root 
hairs can· 
not "eat" 
particles of 
soil, bu t 

Flg.9- Root ~J.r::w..:::~~~)ng loil parUclCL ~hey twine 
In among 

the fine grains and absorb the little films of water which 
cling to them. 

You can find out some of the importance of these 
mineral salts in the life 'Of the plant, if you do the 
following experiment. 

Take several seedlings which have already grown 
enough to have nearly exhausted the supply of food in 
their cotyledons. These you must grow in jars of pure . 
distilled water, to which you have added certain salts 
which have been found to be the important ones in the 
soil water and plant food. By giving the plant nothing 
but these salts and distilled water you know just what 
it gets. Distilled water is made by catching and con
densing steam, and it has no salts dissolved in it j while 
ordinary tap water has run off some mountain side or 
risen in some spring from the rocks, and it has many 
salts in it already, so that it is useless for this experiment. 

Take three big glass jars, each with one litre of distilled 
water, and label them A, B, and C. Into A put nothing 
furfher, into B put the following salts, which have been 
weighed out carefully either by you or by a chemist :-

Potassium nitrate I gramme 
Calcium sulph;.'te -; " 
Sodium chloride - f 

. Magnesium sulphate - - t · " 
Calcium phosphate i " 
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then add to C all these salts, and also one or two drops 
of a dilute solution of iron chloride. 

Into the jars fit corks which are split, with a hole in 
the centre, and pack a plant into each with the part of the 

Fig. 10. Plant packed in 
split cork. (h) Hole in cork i 
(c) cotton-wool paclcing lbe 
Item. 

stem between the corks wrapped 
round with cotton wool (see fig. 10), 
and so fix the plant that its roots 
are in the solution and its stem 
and leaves in the air· (see fig. II). 
Wrap black cotton or paper round 
the jars so as to keep the roots 
dark as they would be in the soil. 

Do not use too small vessels; 
in fact, if you had bigger jars and 
took double quantities of every
thing it would be better. 

You may make the experiment 
more complete by preparing a 
whole series of solutions with one 
of the salts left out each time. In 

this way you would be able to see the effect of the 
different elements on the growth of the plants, and you 
would find nitrates are very important. Put a plant, 
similar to the one you are experimenting with, into a 
pot of soil or the garden, and keep it well watered. 
This is called the .. control plant." 

Very soon you will find that the plant in jar A (the 
one with only distilled water) is not growing so fast 
as the others, and after a time will die off completely. 
The one in jar C with all the salts, on the other hand, 
should grow quite as well as the cqntrol plant in the 
garden, which you should take as the standard. . 

The plant in jar B, when it has everything but iron, 
should act in a curious manner. At first it should 
grow all right and outlive the one in distilled water, 

• Weigh the plant, which you are putting in jar C, c:atefulIy, IUId keep 
a recOId of its wei§;ht jOl future use (lie p; 18). -, 
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but after a time its leaves should get paler, till the new 

Fig. II . Three jars in which seedlings of the 
lame age are growing; A, in distilled waler; 8 , 
in the food solution without iron ; and C, in the 
complete food 101ution. 

ones formed are 
quite yellow in
stead of green, 
and soon after 
this the plant 
will die. If, how
ever, you add 
two drops of the 
iron solution 
before it dies, it 
may recove r, 
become green 
again, and go on 
living. It turned 
a whitish yellow 
colour because 
there\\7as no iron 
in its supply of 
salts and waler. 
Ju st as when 
people get pale 

and white the doctor orders them iron, so it is necessary 
for plants to have iron when they begin to lose their 
green colour. Later on you will find how very important 
the green colollr is, for without it they cannot grow 
(see Chap. VI.),· 

From these expl"rimeots you see that it is 170t the soil 
which is necessary to the plants, but Ihat certain salts ill 
so/utiOtl in the water held by the soil particles are very 
important. When all the salts are present in the water, 
as was the case in jar C, the plant can grow just as well 
as one in the soil i but when it has not these salts it 
must die. The srlts in solution, therefore, must be a 
very important part of the food. Are they the only food 
the plant gets 1 

• This experiment is sometimes difficult to manage suCcessrully. though 
it appears so simple. Great ca'e should be taken not to o,'erdole tbe 
"iant with irOQ. 



CHAPTER V. 

FOOD MATERIALS OF THE OLDER PLANT 

(2) IN THll AIR 

THE experiments you have just done show that plants 
absolutely require the mineral salts dissolved in the 
water of the soil or of their food solutions. Yet although 
these salts are so necessary, they do not use a large 
quantity of tpem, as you may prove by taking- the 
solution C, which is left after the plant has grown 
in it, and slowly drying off all the water (taking care 
not to destroy a part of the salt crystals) by gentle 
heat, and then weighing this dry salt, and comparing its 
weight with that of the salts you put into C. You will 
find that the growing plant has only removed a small 
quantity of the salts. Yet the plant should have grown 
to some considerable size. Of course, the water itsell 
goes into the plant tissues, but you can drive this off by 
gentle heat. Before drying it, however, cut off a part of 
the plant which is equal in weight to the weight of the 
young plant you put into the food soluhon at first (set 

• p. 16), so that you have onlv to deal with the amount of 
its growth while using the food solution. Then if you 
weigh the fully dried plant, you get the weight of the 
solid structure added to its body while it was growing 
in the food solution, and you will find that this is "welt 
Ireavier tlran tire amou"t of tire salts it ttsed during ill 
growth. 

What is this extra substance? 
Now let us examine the dried plant more carefully. 

Heat it on an open dish, and you will find that it goes .. 
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black and chan, very like the charred wood on a fire or 
specially prepared charcoal. The black charcoal is well 
known to consist chiefly of carbon, and so does this 
black plant-ash. You know that charcoal can burn and 
so will this charred plant if you heat it more stro~gly. 
Although you can burn the carbon (that is, you can 
make it combine with oxygen gas and go off in an in
visible form), yet you cannot absolutely destroy it. Like 
all elements it is not to be made or destroyed by t1s:nor 
can tht plallt make carbon for itself. 

If you examine the list of substances you put into the 
food solution once more, you will find that carbon is not 
among them, nor is it contained in any of them. 

Carbon, then, is tilt extra substanct which makes tlze 
weight oj the plant greater than that 01 Ihe salts used from 
its lood solulion. 

Where does the plant find this carbon? 
You may know that there are three chief gases in the 

air: oxygen and nitrogen, which are the important 
parts for our breathing, and a little carbonic acid gas, 
which you may remember is breathed out by animals 
and plants (see p. 6), and is made of carbon joined with 
oxygen. As there was no carbon in the food solution, 
and the plant was surrounded by air containing carbon 
and oJCYgen in the invisible form of gas, the idea is sug
gested that perhaps it is from the air that the plant gets 
its carbon. Now let us see if this is true by trying the 
effect o,f removing the carbonic acid gas from the air in 
which the plant is growing. 

To do this we must set up an apparatus which will 
allow only air freed from carbonic acid gas to surround 
the plant. Such an apparatus is shown in the figore [2. 

The plant is grown in the closed bell jar 0 , which 
stands over the dish C filled with lime-water, whicb 
prevents carbonic acid gas entering tbrough the cracks 
between the foot of the jar and the table. All the air 

• which enters the jar 0 must come first through jar A, 
which is filled with. a solution of caustic potash that h~ 
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the power of absoroing the carbonic acid gas, and then 
through jar B with lime-water. You can draw plenty 
of air through jar D for the use of the plant by sucking 
at the indiarubber tube G, which must be carefully shut 
with a clamp when you stop the ~urrent. The bell-jar 
D will now be filled with air which is quite free from 
carbonic acid gas, and the small quantity which is 

Fig. 12. Apparatus UIed to keep a plant without any carbonic add 
ga,. A, jar of caustic potash, ti, jar of lime waler, whicb absorb the 

~(~~C oicll~~~!~;~~ha=~~h:n~ ~e ~ ~~~~v~!c:u~ b~t:! ';.:i 
growing ltl D ; G, indiarubber tube which can be closed or attached to 
• ,,'phon to draw air through D. 

breathed out by the plant itself will be absorbed by the 
lime-water in dish C. Place the whole in a light or 
sunny position, and change the air every day or two in 
the way you filled it, that is by drawing at G so that the 
fresh air comes in through A and B, and is free from 
carbonic acid gas. 

H you keep the plant growing under these conditions 
for some time you will find, in comparison with anothe~ 
quite similar plant growing in the open near it, that its 
growth is very slow. The leaves it forms are smaller, 
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and finally its growth almost ceases. Further, if you 
..test the leaves of the plant growing out in the air for 
starch (see PP . .24 and 25), you will find that they contain 
plenty, but that the leaves on the plant in the beU·jar 
are empty of starch. Now aU healthily growing green 
leaves contain starch, so that this is a good prool that 
something is seriously wrong with the plant, which has 
been deprived of the supply of carbon in the air. This 
shows us that plants use tlte carbonic acid gas in the air 
[or their growth. 

Carbonic acid gas is composed of a union of carbon 
and oxygen gas. If, then, the carbon is used by the 
plant, what happens to the oxygen 1 

You must have noticed bubbles rising from the" pond 
scum " and water-plants when they are in the sunlight, 
the little bubbles sometimes coming up in a quick, 

regular succession from the leaves and 
stems. Let us collect this gas and 

.. -- J\ test it to find out what it is. Th is is 
more easily done il the plants are 
living in glass jars, where you can 
see then; and get at them readi ly. A 
very good plant to use is the common 
Canadian water-plant (Elodea), which 
you can buy in aquarium shops if you 
cannot get it from the ponds for your
self. Place a handful of this plant in 
a tall, glass jar filled with fresh water, 
and cover it with a glass funnel, 
so as to collect the bubbles as they 
rise. See that the funnel is well 
under the water and support over it 
a test lube full of water, as in fig. 13. 
.Place the jar in as bright sunlight as 
possible, when you should see the 
bubbles beginning to r.ome off quite 

quickly. As the bubbles rise in the tube A, the water 
is fOTCed out till the whole vessel is filled with the gas. 

FIg. f3- Jar 01 Elodea 
in wate:r, giving off bub
bla of oxygen gas in 
'be ..... U&b1. 
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Then place your thumb over the mouth of the tube of 
gas, and remove it quickly from the water. Test it by 
plunging into it a splinter of wood which has been ' 
burning, but just blown out, so that it is still glowing. 
If you plunge it quickly enough into the tube, it should 
catch fire and burn brilliantly. Now this is the test 
for oxygen gas, so that we have proved that the tube 
was full of oxygen. This oxygen is the part of the 
carbonic acid gas which is given off by the plant as it 
uses the carbon and frees the oxygen it does not need. 

You will find that the gas bubbles are given off much 
more rapidly when the plant is placed in bright sun
shine than when it is shaded, and that when the plant 
is in darkness the bubbles stop altogether. This seems 
to show us that the sunshine must assist the plant to 
split up the carbonic acid gas, and we will find out more 
about this later on (see p. 25). 

We have now found that carbon forms a large part of 
the plant body, that plants cannot grow in air in which 
there is no carbonic acid gas, and that in getting the 
carbon from the carbonic acid gas, they split it up and 
give off tlle oxygen. So that we see that plants use 
the carbon in the air as well as the salts dissolved 
in the water of the soil as raw materiais, with 
which they finally build up their food. We must 
no\\' try to find what food substance it is that they build 
up from these raw materials. 



CHAPTER VI. 

THE FOOD MANUFACTURED BY THE PLANT 

You will remember that much of the food provided in 
the nurse leaves consisted of starch, and that the baby 
plants use this food as they grow. 

In the full grown plant we also find much starch; in 
fact, nearly all the parts of plants which we eat as food 
contain large quantities of starch, as you can test with 
iodine in potatoes, turnips, radishes, oatmeal, flour, and 
a host of our other vegetable foods. This is also the 
case in many parts of plants which we do not generally 
use as food, for example, in the lily and tulip bulbs, 
underground stems of Solomon's Seal, and the stems and 
leaves of most plants. So that we find that the food 
grains of starch are developed in grown plan Is, and are 
not only provided for the young ones. 

What is starch made of? Try heating a piece of 
laundry starch on an iron plate or the bars of the grate, 
and you will see that it blackens, and finally, if you put 
a light to it, may burn. If you simply beat it without 
quite burning it, you will find that it chars and goes 
hlack like a piece of charcoal. The solid element oj 
starch is carbon. Now you may remember that in the 
plant growing under the bell-jar from which we shut out 
all the carbonic acid gas, we found that the leaves did 
not show any starch (see p. :20). The plant had not been 
able to build up starch without the carbon obtained 
from the air. • 

The leavell of a plant are Ipread out in the IUnshine 
and air, and it is in the leaves that w~ get the starch 
first formed. The leaves, in fact, are the food factories 

" 



_... , 
,R,~ '." . , OCl\,.EGE 000 MANUFACTURED CHAP. Vl. 

+ -

of the plant. You should study the appearance of starch 
ill the leaves. As their green colour hides the iodine 
colouration, it is better first to remove it from any leaves 
you are studying in the following manner. So soon 
after picking them as possible, throw them on to some 
very hot or boiling water for a moment. This kills them 
quickly aJld makes them soft j then put them in a jar OJ 
tube of alcohol,· and leave them in it overnight. By 
next day the green colour should be gone, having been 
absorbed out of the tissues by the alcohol, and the leaves 
left yellowish or white. Then put them to soak in water 
till the stiffness caused by the alcohol has gone, when 
you should add the iodine. If you examine ordinary 
leaves in this way you will find that they go violet or 
brownish blue, showing that they contain starch. 

Now do leaves always contain starch? You will 
.emember that the oxygen bubbles were given off much 
more quickly from the plants io the sunlight than from 
those in the dark (see p. 21). This sh,\>ws tnat the leaves 
in the sunlight split up the carbonic acid gas more 
quickly than the others, which would give them more 
carbon to work 00, and therefore it seems that they 
should be able to build up more starch in the light than 

in dull weather or dark
ness. You can see if 
this is true by doing a 
simple experiment. 

If you take a leaf 
growiog in the sunlight, 
and cover a portion of 

."~~ 't a~aI p~'1:~yW~~~ it, leaving the rest ex
(compare Fig. 15). posed, you will be able 

to see the effect of light 
and darkness on the starch-building powers of this par
ticular leaf. To do this use two flat pieces of cork or 

• Ordinary methylated spirit is rather impure alcobol, which wiD 
do if ,)'ou cannol gel an better. 
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thick cardboard. covered with silver paper or tin foil 
about I in. to I i in. big, and of the same size and shape. 
Place a part of a healthy leaf between them and bind 
them tightly togeUlcr, as in fig. 14. If tlle weight of the 
cork makes the leaf bend down out of the full sunlight, 
then support it so that it lies in a position where it is 
well lighted. Leave it untouched for three days, and 
then in the middle of a bright day cut the leaf from the 
tree, remove the cork when you get into the house, and 
immediately treat it as described above for the iodine 
test. You will find that the part of the leaf which was 

exposed shows a good 
violet colour, proving 
that starch is present 
there, while the part 
which was covered is 
only yellowish, showing 

Fig. 15· Same leaf as In Fig. 14 treated that starch has not been 
~~~f;:;:~· n;~:~;,'lhat the covered part developed in this por .. 

tion (see fig. IS). This 
proves that Ihe covered part of the leaf could not build 
starch, so that exposure to the light and air seems to be 
necessary, as we expected. This further suggests that 
it is only in the daytime that the plant can build starch. 
You can see that this is actually the case by testing 
leaves from the same tree at different times of the day 
and comparing the starch in them. For example, test a 
leaf from a certain plant in the early afternoon, when it 
has been exposed all day to good sunlight, and compare 
it with one which is gathered just before sunrise, if you 
can get up so soon (this is, of course, easier in the spring 
or autumn, when the sun does not rise so early as in 
midsummer). You will find that the leaves picked in 
the early afternoon are packed with starch, while those 
picked before the li.ay begins show very little or none. 

What then becomes of the starch during the night 1 
You will remember that we found much starch in 

I. potatoes, which you know grow right underground, and 
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therefore, according to the experiments we have just 
done, should not contain starch. But it is found that 
the starch is made in tile leaves through the day, and is 
slowly carried down the sterns in solution, and then 
stored (not made) in the underground paris, such as 
bulbs, potatoes, thick roots,.oand many others. It is like 
the shopkeeper, who collects some money each day and 
sends it every evening to the bank to be stored for him. 

The leaves of the plant are then fresh next day to 
begin the work of building up more starch. 

One of the great contrasts between the leaves in the 
air, and the parts of the plant underground, is that the 
leaves are bright green in colour, and the underground 
parts are yellowish or brown. It has been found that 
the green colour in leaves is very important in the build
ing up of the starch. You can see this in the case of 
leaves which have parts quite colourless, as in those 

Fig. 16. Striped leaves; 
tbe white stripes show nO 
starch when stained with 
Iodine. 

which are variegated or striped. 
Take the leaves of sucb a plant, 
which have been exposed to a good 
light, and test them in the usual way 
for starch. You will find that the 
pale stripes of the leaf show no 
colour with iodine, because they 
are empty of starch, owing to the 
fact that the green colour was not 
there to build it up. The value of 
the green colour is that it absorbs 
the energy of the sunlight, and 
uses it to get the carbon from the 

carbonic acid gas, and then to. build the carbon into 
starch. 

Now you will remember in doiog the experiments 00 

the food solutions (see p. 17), that one of the plants lost 
its green colour, turned yellowish, and finally died. 
That was the plant which had no iron in its food solu· 
tion. We have found, therefore, that without iron a 
plant cannot build up its green colour. and without its 
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green colour it cannot use the store of carbon in the air 
to build up its food . This is only one example of the 
importance of mineral salts to the plant. Salts con
taining nitrogen are equally vital, while a number of 
mineral compounds are necessary for healthy growth. 
So that we see that the minerals absorbed in sollltion 
by the roots, as well as the carbonic acid gas absorbed 
from the air by the leaves, and the energy of light absorbed 
oy the green colour are all equally necessary to the life of 
the plant, as all help in the lmilding up of its food. 

We have now seen that plants require food just as 
much as animals do; but that they use different and 
simpler elements from which they build it up for them
selves, unlike the animals, which require their starchy 
foods to be ready built up for them. The foods which 
plants make they use in growing, and the other activities 
of their lives, just as animals do. 
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THE CIRCULATION OF WATER 

As we have already found out, water is one of the things 
which are necessary for the well-being of plants. Seed
lings can begin to sprout only when they are well sup
plied with it, and in the growing plant it is the water in 
the cells which keeps it firm and fresh. Directly the 
plant is deprived of some of its water it becomes limp 
and flabby, and" withers." We noticed in Chapter IV. 
that the rootlets absorb the water (with its salts contained 
in solution) from the soil, and from them it travels all 
over the pfant. The salts dissolved in water, however, 
are in very weak solution, and to provide the plant with 

Fig. 17. Experiment to show that 
kaves give off water. Notice ~ droP'S 
c:oUecting in the tube, which is closed with 
cotton·wool. 

sufficient of them for its 
growth it is necessary thai 
a contillUous stream oj 
waler should enter the 
plant. Howis this stream 
kept up? 

The leaves playa very 
important part in the 
water circulation, their 
thin expanded surfaces 
giving a large area from 
which the evaporat.ion of 
water can take place. The 
water which comes off 
from them is not gener
ally visible to us, because 

it comes off as vapour. However, you can easily make 
experiments which will show you that it actually does 
come off from the leaves . .. 
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Take a large test tube or a small glass flask, and place 
it over a good-sized fresh green leaf, which you leave 
attached to a healthy plant or a branch in water. Round 
the leaf-stalk wrap cotton wool till it fits like a cork in 
the neck of the flask, so that it shuts the leaf into the 
vessel, leaving no communication with the outer air, and 
at the same time does not injure it in any way (see fig. 
17). Very soon, even after an hour or two, you will 
find a misty appearance inside the glass, and this will 
settle gradually in the form of drops of water which 
collect together and run down the sides of the flask. 
You do not see all this water corning off from the leal 
under ordinary conditions because it goes into the air 
as invisible vapour, but when it is given off continually 
into a closed space the air soon gets saturated with all 
it can hold, and the rest must form liquid drops which 
we can see. If you keep a record of the time of your 
experiment, and also measure the amount of water 
collected in the flask, and then measure the size of the 
leaf, it only needs a little simple arithmetic to give you 
a rough idea of the quantities of water which must be 
given off every day by a single leaf. From that you 
can imagine the amount passing away from a whole 
plant or a great tree ; and I think you will be surprised 
to find how much it is. 

Another simple experiment shows us that the leaves 
play an important part in giving off water. Take 
three flasks with long, thin necks, and of as nearly equal 
sizes as possible. In one place a branch to which a 
number of fresh, green leaves are attached, in another 
a branch of the same size with only small buds (cut off 
the leaves if necessary), and leave the third as a check 
to show how much water has simply evaporated away. 
Fill all the flasks Ul) to the same level with water, and 
mark this in all thr~e when you start. Leave them for 
a day or two and then mark the level of the water, some 
pI which will now have evaporated (see fig. 18). This 
will show clearly that more water has gone from the 
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one with the branch than from the empty flask, and 
that a great deal more water has gone from the one in 

! 
t . 

A: B . c . 
Fig. 1-8. Experiment to show that leaves give off 

water. The flasks were all filled to the same level I., 
;tnd leU (or the same time. The one with tbe leaves 
in it I09C1 far more than tbe others. 

which was the 
branch with big 
leaves attached. 

You can see 
roughly the rate 
at which the 
water goes off 
from the leaves 
by completely 
filling with water 
an apparatus like 
that in fig. 19. As 
the leafy branch 
(which is firmly 
fastened in the 
corle with no air 
leakage) uses up 
the water, it must 
be drawn along 
the narrow tube, 
which is gradu
ated so as to show 
the quantity lost. 

From these experiments we find that even although 
we do not actually see it coming off, yet the leaves of the 

Fig. 19- E.rrerimenl to measure the Amount 01 waler given off by IeaYCI 
iD a gi'fen time. At 6r!t the tube is inll of water. which is drawn back ro 
points 1, '2. ctc .. as lhe lcava use. it 
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plant give off a great deal of wafer in the form of vapour. 
By this process large quantities of water are drawn 
through the plant, and the salts in weak solution in it 
are kept and used by the plant as they are needed for 
building up its structure. 

Now you may think that the loss is simply the result 
of evaporation from the leaves, because the surface of 
the leaves is great, and they would therefore naturally 
lose a considerable amount of water by evaporation. 
But this view is only partly correct, because the giving 
off of water by leaves or II transpiration," as it ·is called, 
is regulated by a number of little pores in the skin of 
the leaf, which can open and close: You can see the 
Importance of these pores as water regulators in plants 
which have them only on one side of the leaf, because 
practically all the water escapes from the side on which 
they are situated. 

To see this, take three leaves of the indiarubber tree, 
which is grown so often in rooms. Choose three which 
are as neady as possible just alike in size and shape. Of 

one of them care
fully cover thewhole 
of the lowerside,and 
the cut-end of the 
stalk, with vaseline 
or coco butter; do 
the sametotbeupper 
sideandtbe cut-stalk 
of tbe second leaf, 
and leave the tbird 
untouched. Fasten 

Fig. 20. Leaf A gre."ed 011 the lawcr side, leaf all three separately ! ~ ~ t!''T5ide, and C not at all. B withe... on to a string so that 
• they all hang with 

both sides exposed to the air, and leave them for some 
days. The leaf which was not greased will shrivel Up; 

-as it gives up its water and can get no more, it "withers" 
and dies completely_ The leaf which was greased on 
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upper side also withers at about the same rate as the 
un greased one, but the one which was greased on the 
lower side remains fresh and green (see fig. 20). This is 
because all the pores are on the lower sides of these 
leaves, and in the one greased on the lower side the 
\'aseline had completely closed them, and so prevented 
the water from passing away through them. The upper 
surface is well protected against ordinary evaporation by 
a thick skin which does not allow the water to pass 
through it. The leaf greased on the upper side had all 
its pores left open, and so in this way was withered as 
quickly as one not greased at all. Not all leaves have 
th eir pores only on one side, but in nearly all plants the 
pores can open and shut. These facts show that tran; 
spiration is more than mere evaporation i it is a "life 
process," that is, a physical process which is regulated 
by the structure of the living plant. 

Transpiration is very important for plants, for it helps 
to keep the continual stream of water going through 
them, which brings with it the necessary food salts. 
Some plants cannot afford to let much water pass away, 
for they find it very hard indeed to get enough to keep 
them fresh i such plants as live in deserts or on bare, 
sandy places, for example, protect themselves from 
much transpiration by various devices and special 
arrangements, which we will study in Chapter XVIIl . 

We have already observed the fact that water enters 
the plant at its roots, and have just seen that it passes 
off as water-vapour from its leaves. Let us now con
sider for a moment the man,Ier of its entrance. How 
can water enter the roots of plants? 

Let us first look at a somewhat similar case in non
living things which will, perhaps, help us to understand 
the process in living plants. 

Take a small" thistle-funnel" and tie tightly over the 
wide opening a piece of bladder i then pour some very 
strong solution of sugar into the funnel and place it in 
a glass of pure water. Mark the level of the sugar with 
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a label (sec fig. 2 I, 5). Leave this for a short time, and 
you will find that the water has entered the funnel 

tube and run up it for quite a 
long way. 

You should take another simi lar 
tube and do everything in the 
same way. except that you leave 
out the sugar solution. Then 
you will find that the water reo 
mains inside the funnel at just 
the same Level as in the outer 
jar. This is the usual behaviour 
of water, and in the first case, 
where the water rose inside the 
funnel, the 
rise was due 
to the influ· 
ence of the 
sugar, which 
haslhepower 
of drawing in 

Flg. 2J: "Thl.ue Cunoel" water. Now 
:T:::g:,i~le~~~~p ~ ~~~~ we can com-
s. and placed in a jar oC water. pare the skin 
~ct~:. ~':. troe.:Z~ter i. seen of the root _ [ 

hairs (see fig. 
9) to the bladder membrane cover· 
ingthe funnel, and it has been found 
that inside the cells are substances Fig .... Planl P,which 
which have the same power of at· has been cutoff near the 

tracting water as we found was fn~~~t:!;:Ct~: ~\~h~ 
possessed by the sugar. So that ~~~p(,t';, ;t!:~h ~~ 
the (lltrance of water into the roots On thegla .... e markod 
dcpmds c"i~fly on fbe attroction of the leyel. rc:acbed by the 
the substances witizin its cells. ;r;;r ruine from the 

That a large amount of water 
enters the root in this way you can see if you cut off 
a quickly growing plant (a vine is very good if IOU can 

co..,) 
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get it) just near its base, and attach to the cut-end a 
long glass tube in place of the shoot you have cut away. 
You must fasten this tube by a very well-fitting india
rubber tube, which you bind tightly so that it will allow 
no leakage, and support the glass. Pour a few drops of 
water down the tube to keep the cut-end of the plant 
{rom drying up at the beginning of the experiment. 
Then mark the level reached by the water, and do this 
every day as it rises in the tube. You should find that 
for some time it steadily rises day by day (see fig. 22). 

We see in this way that the roots take in a large and 
continual supply of water, and this must get pressed up 
the stem even without the influence of the transpiring 
leaves. This is called the" root pressure," and is a very 
important factor in supplying the plant with water. In 
a plant which is growing under usual conditions, both 
the transpiration of the leaves and the root pressure are 
at work, and are both necessary to keep a good stream 
of water passing through the plant. This stream of 
water provides it with its mineral food materials, and 
also keeps it stiff and fresh, and is, as we have seen, 
absolutely necessary for the growth of the plant. 



CHAPTEH VIII. 

LIGHT AND ITS INFLUENCES 

WHEN we were experimenting on the building of starchy 
food in leaves (Chapter VI.) we saw how very important 
and even essential light is for the activity of the plant, 
and it is therefore natural to expect that light should 
influence its growth very considerably. 

You may see the effect of light which comes only from 
one side on plants grown in the windows of rooms. If 
they are left in one position they grow in a one-sided 
manner with only the bare stalks toward the darker side 
of the room and all their leaves turned towards the 
window through which the light comes. Ii you want 
them to look pretty towards the room side also, they 
must be turned round frequently, ' so that the leaves 
are drawn in many directions mstead of one only. 
The usual effect of light is to make the leaves grow 
towards it. You may 
5ee this still more 
clearly by placing a 
pot of seedlings in a 
blackened box with ::--... 
a small hole on one "'/ 
side. Very soon they 
will bend over to-
wards the light enter
ing by it (see fig. Z3). ~~!im ~ ~~rirFa~D~": 

bL\ckened inside ao that the light only enteR 
al • . ~o~howtbe_Jlnpbeodtowar"'it.) Leaves can absorb 

most light when their 
upper surfaces are at nght angles to it, and you will 
lind some leaf·stems will bend right round In .order 10 

u 
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allow their leaves to get into this position. 
if you take a pot of nasturtiums growing 
way, and support the pot on a stand, 
and cover it over with a bell jar which 
has been blackened, or with a black 
box, so that all the light reaches the 
plant from below, you will find that 
in a day or two the leaves wiu have 
turned completely round on their 
stalks and are now facing the light, so 
that they are upside down in their 
relation to the position of the whole 
plant (see fig. 24). 

In a small plant, or one with only 
a few big leaves, this desire for the 
light is easily arranged for, as there 

is room 

For example, 
in the usual 

for each 
of them. 
But if 
a1l the 
leaves of 
a great 

Fig. 24- Nasturtium 
covered over. so that 
the light only enter. 
rrom below. The leaf 
surfaces bend over to 
i'aceit. 

tree were turned in the 
same direction, you will 
see that many of the under 
ones must be shaded by 
the others. This is not so 
bad as one might expect, 
however, owing to the 
v.'Onderful way in which 
the leaves arrange them
selves so as to use every 
bit of space they can, and 
yet to overlap and screen 
each other as little as 

possible. Particularly in plants which grow flat on the 
arowsd or a,pinst walls, and which there.fore .~et all 
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their light from one side, this is very well shown. In 
plants with the leaves in opposite pairs you will often 
find one leaf of the pair big, and the other one small, or 
that the leaf-stalks are of different lengths, and if you 
examine this pair in relation to the rest of the branch, 
you will see how it is developed in this way so as to use 
every bit of space it can and get as much light as pos
sible without overlapping its neighbours (see fig. 25). 
Although it is true in one way that each leaf works as a 

Fig. 26. Leave, o( 
tvy g.owing out from 
the stem so ;as not to 
overlap each other. 

separate individual, yet each separate 
leaf is only a small part of the plant, 
and they all work together for the 
good of the whole. Branches whicb 
have their leaves arranged in tbis way 
so that they seem to fit into a pattern, 
form what is called " Leaf Mosaic." 
You may .see this kind of arrange
ment among the leaves of very many 
plants (see figs. 25 and 26). 

If, as we have already seen, light is 
so fiery important for the plant, whal 
is the result of growing it in the dark' 
As you know, it will nol be able la 
build itself food, and so would finally 
starve and die. If, however, we 
choose a plant which has already 
much food stored up and can there
fore grow for a time without making 

a new supply, then we can study the effect of darkness 
on its growth. 

Take some beans which are just beginning to sprout, 
plant them in a pot, and place the pot in some quite 
dark place such as a cellar or a dark room, or cover 
them with a well-~ade blackened box which shuts out 
all the light. Also take a potato which is just beginning 
to sprout at its" eyes," and keep it in the dark. Both 

• these plants have food in reserve; the beans have much 
in their nurse-leaves, and the potato is packed with 
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starch, as you saw before, At the same time grow a 
potful of beans and a potato plant in the light, so that 
you can compare the growth of the plants under the 
two different conditions of light al'ld darkness. 

You will find that those grown in the dark are very 
straggling and of a 
sickly yellowish co
lour, and are a great 
contrast tothe shorter 
sturdier young green 
plants grown in the 
open air. The stems 
of those grown in the 
dark are long and 
Hmp, and not able to 
support themselves 
upright, while the 
di~tance between 
the leaves is very 
great, and the leaves 
themselves are small 
and useless (see fig. 
27)· 

Why should 
these plants have 
suchagreat length 
of stem? It shows .:a 
us, that whe'n the 
plant is already sup-
plied with food, dark-
ness does not prevent Fig. 27. Seedlings of Bean or the oame age 
mere growth in length. A grown In the ligh~ 8 in the dark. 

In fact it grows faster in length in the dark, which is an 
effort on the part of the plant to grow away from the 
darkness into the light. It economises in material and 
does not form stiff, thick sterns and big leaves which 
would be useless until it reaches the light. 

If you now make a small chink in the black box with 
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which you cover the plants, you will find that they grow 
towards it and through it into the light. Once the tip of 
the stem is outside in the light, it will form the usual 
leaves at the proper intervals from one another. 

The power of rapid growth in length of a plant grow
ing in darkness, which economises the material gener
ally used for strengthening the plant, and its power of 
growing towards the. light, combine to be of practical 
use to a bulb or seed which is planted too deep in the 
earth. You will find that the part underground has 
much the same character as a plant grown in artificial 
darkness, until it reaches the surface. These weak 
underground stems bring the growing part into the 
light, and the plant does not waste material in forming 
large leaves and strong stems underground where they 
would be useless. 

Although light is so important, it does no! follow that 
the stronger the light, the better it is for the plant; just 
as it does not follow that because we like to be warm, 
we like to be as hot as possible. It has been found that 
plants bend away from the light when it is too strong 
for them, as you may see in some plants near one of 
those very brilliant electric lamps. The sun even is 
sometimes too brilliant (English plants, however, do not 
suffer from that very much), and many plants living in 
the tropics and regions of strong sunlight, protect them
selves from its direct rays by a number of di_fferent 
devices. 



CHAPTER IX. 

GROWTH IN SEEDLINGS 

WHEN once the young plants start growing under 
suitable conditions they steadily get bigger. At first 
sight they appear to grow equally allover, stretching out 

A. .8 

Fig. 28. A Bean seedling: A, with division, 
marked on root and stem; B, after further 
growth, sbowing where most of the stTetclting 
lias taken place. 

in each direction as 
indiarubber does 
when it is pulled. 
Let us try to fin d 
out whether this is 
actually the case 

Take a well-grown 
straight seedlingand 
measure off along its 
stem and along its 
root, beginning from 
the tip, distances 
I or 2 mm. apart, 
marking them with 
a fine brush and 
waterproof ink. 
Take care not to in
jure the plant, and 
also not to make the 
marks blurred or too 
big. Draw the plant 
showing the marks 
on it as accurately as 
you can, and make 

the drawing exactly life-size. Grow it in damp, but 
very loose sawdust, so as not to rub off the marks, and 

'0 
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after one or two days take it out and compare it with 
your original drawing. 

You will find that the whole plant is bigger than when 
you first drew it. Look carefully at the marks on roo! 
and stem, and you will find that they are not all th e 
same distance apart, as they should be if the plant had 
grown equally all over. The marks which are widest 
apart are those just behind the tip of the root and below 
the top of the stem, thus showing that there has been 
much more growth in these two regions than in the rest 
of the stem or root (see fig. 28). If you repeat this often 
with many plants you will find that these are the actively 
growing parts of the stems and roots i the individual 
leaves, of course, are also growing. Thus we see that 
growth is Itot a simple stretching of the whole, but that 

A 

Fig. 2<). A, Bean seedling 
pLlnted upside down. The root 
has bent right over and i~ grow
ing vertically down. Bl later 
atago 01 tho oame. Tbe shoot 
baa bent up, 

tllere are two definite 
regions where it is 
specially active. That 
of the stem and first 

_ root carry on the 
growth in opposite 
directions, as we no
ticed before (see p. 
II), the normal stem 
growing up into the 
air and the root down 
into the soil. 

You can see how 
very determined the 
directions of growth 
are by planting up
side down a bean 
which is just begin
ning to sprout, so that 
its root points up into 
the air As it grows 

you will see the root bending over till it-points vertically 
downwards, while the stem bends up and grows straight 
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.----------------------------
into the air (see fig. 29). The same thing happens if you 
plant a seedling on. its side, and even if you take quite 
a big seedling, which has grown in the usual way, and 
then place it upside down in moist air, you will see the 
root and shoot bending in order to get into their right 
positions. This very determined growth on the part of 
roots and stems seems to show ·us that they must have 
some means of "perceiving" and regulating their posi
tion. It is not an accident that th~y always grow in 
these very definite directions. Let us find out what we 
can about this question. 

Take a seedling and mark its root as you marked 
the roots for the experiment on the region of growth 
(see fig. 28), lay this seedling on its side on soft, damp 
sawdust, so that the root can easily bend into it. Next 
day you should find that the end of the root has bent, 
and that the bend is in just about the same region as 
that which showed the most active growth. 

Is this actively growing and bending region therefore 
the part of the root which" realizes " that the whole is 
in a wrong position, and which therefore bends to put 
it right? 

To answer this question quite fully would require a 
great deal of work, but there are thrce simple expcri
ments which you can do, and which will tell you the 
most important fads about it. 

(r)* Take a seedling with a fairly long root which has 
'been growing straight down, then very quickly and with 
a sharp knife or razor, cut off the last 2 mm. of the tip 
~f the root. Lay the seedling on it~ side on damp saw
dust and examine it next day. It will not have bent 
even though it has grown in length (see fig. 30, _.<\). ' 

(2) Take another like it and leave it lying on its side 
for an hour, and then cut off the tip in the same way as ' 

• It is bett~r to bave balf a dozen e..YampJes fOT each experiment 
·or the seedlings do not always act quite quickly and correctly, and 
rom bali a dozen you can see the avernge result. 
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in number one, placing it on its side once more. Next 
day you will find that it has bent itl the same way as one 
which had 1I0t bU ll cut (see fig. 30, B). 

(3) Tak.e a t.hird, as like the other two as possible, and 
Jay It on. Its SIde all night j do not cut it till next day 
when it. has definitely begun to bend (see fig. 30, C): 
then qUIckly cut off the tip, and place it in the upright 
positi on (C '). You will find that it continues to grow in the 
bent form, the root tip going on to one 
side. It does not seem to know that 
it is growing along instead of down. 
If you keep it in this position for a few 

~ :=e=:-;;;:;;"A 

~ -= . ~13 

days it will then get a new tip and begin to grow down-
wards in the usual way (see fig. 30, D). . 

Think over the results of these three expenments, and 
you will see that it is only when the tip of the root is not 
cut off that the plant seems to " realize" that it is not in 
the right position. When the tip is removed it does not 
bend down even when the whole plant is lying horizon: 
lally, and in the other case (fig. 30, ~',D) ~t will keep on 
bending even after it has been put 1D Its .ng~t posItion. 

We noticed that it is not the very tip Itself which 
~ends, so that we see that the very tip is the part which 
'feels" what is happening, while the par, iust behilld iJ 
~rows and bends according to the need of the plant. 
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-- --------------------------------------
This is a somewhat similar case to what happens 

when you realize with your brain that you are in danger 
on the road, and your feet hurry you across. 

When we come to consider why the root should grow 
downwards in this persistent way, we find that there is 
an outside influence at work on the plant. You know 
when a stone is left without any support that it always 
falls to the ground, and we say that it is attracted toward 
the centre of the earth by the force of gravitation. It 
has been proved that the strong tendency of roots to 
grow down into the soil is largely the result of the same 
attraction, while the stem is not attracted by it but 
driven away, and therefore grows away from the centre 
of the earth. To prove thi;, however, requires more 
complicated apparatus than you are llkely to be able to 
use at present. 

From the experiments which we have done already we 
see that plants, as well as animals, are affected by their 
circumstances, and can in some measure realize them, 
and move to alter themselves in accordance with them. 
Later on we shall find that plants have a similar power 
in relation to light, supply of water, and other things. 
Have we not already observed in plants nearly all the 
signs of life we set out to look for? (see p. 4). 

There is one very important point about the growth 
of plants which is strikingly different from the growth 
of animals. A young kitten has four legs, a head, and a 
tail, and as it grows to be a cat these only alter a little 
in shape and get larger and stronger j the number ,of its 
legs remains the same. A baby plant, on the other hand, 
has its little root and shoot with a few tiny leaves, but as it 
gets older these increase very much in number, till it may 
have many branches and thousands oUeaves. In fact, the 
number of its parts is much more indefinite than those 
of an animal j its body is built on quite a different plan. 
Yet both plants and animals show the same important 
fhing i" their growth, thaI is llze increase of their living, 
body, which they build liP ou1 01 their I/on.living load. 
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MOVEMENT 

WHILE we have been examining plants to find out 
some of the facts about their other life properties, we 
have at the same time seen many cases of movement 
in their different parts. 

For example, we found (Chapter IX.) how, the tips 
of roots move round to get back their vertical position 
if they are placed horizontally, and how the shoots of 
young plants bend over towards the light when they are 
grown in a dark box where it can enter only from one 
side (Chapter VII!.). Then, too, as the root tip grows 
into the soil or between the crevices of rocks it bends 
round the stones or other things in its way, and it is 
also attracted towards water, thus showing a continual, 

slow movement inits growth. 

t 
The shoot shows a parallel 
kind of movement in follow-

/ AB - ing the light and placing 
~ itself as advantageously as 

possible with regard to it. 
You may see a still faster 

movement if you carefully 
examine a twining tendril. 
Notice how the young ten

yo:~ {:~dr~~n~i~ho{h;~~ ~~;y! drils of a sweet-pea are at 
b<e. touched' B beginning to cur'" first almost straight, growing 
:;I~~ t::~~tes aft.,. being robbed out into the air (see fig. 3 I). 

Now choose such a one for 
the experiment, and another like it which you do not 
touch, but keep to compare with the oge on which you 
have experimented. _. . . ". 

Gently rub one side of the tendril with a sMall rough .. 
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twig, and then leave it alone. You will -see tpat in 
about five or ten minutes it has begun to curve, and in 
a quarter of an hour may have bent round completely. 

Such movement 
is more rapid 
than that in thel 
ordinary growth, 
and this power 
of bending so 
quickly is one 
of the special 
characters of 
tendrils, and one 

po;;W~n~7a "~';e~ "o:t ~Yg"t:t-sorrel; A in the day that is very im-
portant in help

ing them to do their work for the plant and .to seize on 
any support within reach as quickly as possible. 

Then there are other movements, one of which you 
must have often observed in the "slee{'J" of plants. 
Many flowers and leaves close up and bend down at 
night, taking up their usual position again next day. 
This is not the same thing as the opening of buds, for 
it may occur again 
and again in the 
fully grown parts 
of plants. For ex
ample, you may 
mark certain leaves 
of wood - sorrel or 
common clover, 
and watch them 
close up at night 
and re-open in the Fig. 33. Leaf of Sensitive Plant in its usual 
morning many position. 

times. These • 
movements are not very fast, and you cannot see the 
plant moving as you can see a kittel~ wa.ving its tail, 
but the d!fference i~ only one of degree. -. . . 
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There are plants, however, which move so quickly 
that you can see them close up their leaves at once at 

Fig. 34. Leaf- of Sensitive Plant, leaflets at a 
beginning to clOse after being genUy touched. 

then the next pair, and 
the next, till the whole 
leaf has closed, when 
it drops quickly down 
\see fig. 35), this move
ment only taking a mo
ment. If the shock is 

the slightest touch. 
This is the case in 
the Sensitive Plant 
(fig. 33), and if you 
only tap one of its 
tiny leaflets 
with a straw, 
that pair of 
leaflets will 
immediate
ly fold up, 

great, all the leaves . Fig. 35. Leaf of Sensitive Plant quite 
on ~he plant will close f~~~~~/"d the leal·stalk fallen, alter being 

Up Instantly, and they 
move so quickly that you can hardly see them doing it. 

Some foreign plants swing their leaflets round slowly 
like the arms of a windmill, but we have not yet found out 
wny they do this. Also in many flowers we find move
ment, and in flowers it is generally in relation to the 
insects which visit them. For example, some orchids 
shut up their big front petal with a sudden snap when 
an insect - alights 'on it and shoot the astonished fly 
towards the middle of the flower. 

Parts such as these, which have more power of move
ment than the rest of the plant, are called sensitive parts, 
but though in them we see it more clearly than in most 
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plants, they only illustrate what is common to all, and 
that is some power 0/ movement. 

The movements which you have seen so far in plants 
are different from those of most animals in one way, and 
that is in the fact that the whole plant remains rooted in 
one place, and only parts of it can move as the circum
stances require, while, though an animal moves its parts 
separately, the result of some of those movements is to 
carry its whole body about. This may appear to you a 
great difference between plants and animals, but it is not 
quite so great as it seems; nor must we forget that there 
are some simple slimy-looking plants which slowly crawl 
along the ground, as well as many minute, green plants, 
which you could only see with a microscope, which 
move their whole bodies and swim about just in the 
way that tiny animals swim. 



SUMMARY OF PART I. 

WE have now done a number of experiments with 
plants, and found out many facts about their way of life, 
and I think you will agree that we have collected enough 
evidence to prove the statement made at the beginning 
of Chapter n.-that on the whole plants show the same 
!' signs of life" as do animals. 

We have seen that like animals they breathe in a part 
of the air, and that they breathe out with the air the 
added carbonic acid gas, which is the characteristic 
"waste product" of the out-breathing of animals. 

They practically" eat" when they take in substances 
as food into their bodies, even though they have no 
gaping mouths which can open and close. We noticed, 
too, the interesting parallel between young plants and 
young animals, where both (the plants in the food_in the 
seed, the animals in their mothers' milk) are supplied 
with ready-made food at first, and as they get older 
have to find what food they require for themselves. 
As regards their feeding, the plants do more work than 
the animals, for they manufacture the starchy food for 
themselves out of simpler elements; while the animals 
rt:quire their starch to be ready made. _ 

Then the fact that plants grow, increasing in size and 
forming new structures, has been known to you ever 
since you were a baby yourself. Although we noticed 
here an important difference between the kind oj 
growth in plants and animals, yet the growth itself is 
alike in the two c~. for both plants and animals build 
up their living bodies out of simpler substances which 
they take in as food and change till the not-living food 

• becomes part of themselves and is living. 
(caeo) 49 E 
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M oveme1l1 is not nearly so great in plants as it is in 
animals, and most plants are firmly fastened in the 
ground. Yet there are some plants in which we can 
see very rapid movements of some of the parts, while 
many simple little plants living in water can swim 
actively about like animals. All pJants show some form 
of movement, though it is generally slow. 

As a result, we find that all the signs of life we noted 
in animals, viz. breathing, eating, growing, and moving, 
are to be found in plants, and we must look on them 
as being just as much alive as animals. We can seE 
that their mode of life and the work they do are 
distinctly different from those of the animals, but they 
are no less vital, and important for the world as a 
whole. 
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PART II. 
THE PARTS OF A PLANT'S BODY AND 

THEIR USES 

CHAPTER XI. 

ROOTS 

IF you have a garden of your own, or have eVen 
watched another person gardening, you must have 
found out that it is not always an easy thing to get rid 
:>f the weeds, and that when one tries to " pull them up 
by the roots," they often resist it very strongly indeed. 
If you have never done this, try to pull up a large grass 
tuft or a hedge mustard, or any fairly big common 
plant, and you will find that often when it does not 
look very strong it may be extremely difficult to get it 
completely out of the soil, and even when it comes out 
you may find that you have not got It quite whole, for 
the finer branches of the root will generally break off. 
Now this shows us one of the uses of its roots to a ' 
plant j they keep it firmly in the soil, and prevent the 
wind from blowing it away, and people or animals from 
overturning it too easily. 

'To see the form of a complete root it is-wise to choose 
a fairly small plant, let us say a daisy, wallflower, candy
tuft, or young holly j then loosen the earth all round it 
and pull it very gently from the soiL Shake off the 
mud and then wash it clean and spread it out on a 
sheet of white paper so that you can examine it pro
perly. Notice that there is a central chief root, with 
many side branches which have again finer and finer 
branchlets (see fig. 36). At the tip of the very finest 
you should see a number of delicate hairs, the root 

51 
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hairs, but it is very possible that you II'ill have torn 
these off with the soil. To see therv best, look at some 

of your seedlings which 
have grO\vn in moist air, 
where they are very well 
developed (see fig. 8). In 
any of these plants you 
will notice that the main 
root seems to be a down· 
ward continuation of the 
main stem, and that the 
side roots come off all 
round it, just as was the 
case in your bean seed
lings (see figs. 36 and 7). 
Such a root is called a 
tap root. 

Now dig up a small 
grass plant and compare 
its root with these, and 

Fig. 36. Root of a young Holly : l, 1evel 
of soil i S, stem j &, chief root wHh many 
side branches and finely clivided rootlets. 

you will see that there is no 
main root, but very many roots 
coming off in a tuft from the 
base of the stem, just as was 
the case in your corn seedlings 
(see fig. 37). The difference be
tween these roots and tap roots 

. is not oE much importance as Fig. 37· Gnu! pJan~ showln, 
regards t~e actual work they the many finely dIVIded roota. 

do but is one of difference in form; the finer branches 
in both are. e imi ar and h e the arne work to do. 
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If you leave the plants you have pulled up lying in 
the air for an hour J:)r two, you will find that they will 
wither, the leaves becoming quite limp and the whole 
plant drooping. Now place them with their roots only 
in water, and you will soon find that they are beginning 
to revive. They will revive fully and live a long time if 
their roots are kept in water. This reminds us of the 
second very important use of its roots to a plant, which 
we, have already found out (see Chapter IV.), and shows 
us again that the roots absorb water and keep the whole 
plant supplied with it. Of course you know that cut 
flowers can drink up water with their stems, but that is 
only for a short time, and is not quite natural. The 
special part of the rootlet, which does the actual absorp-

. tion, is the part near the tip which is covered with root 
hairs. You have already seen these root hairs in the 
course of.your work (see pp. 13 and IS). . 

There are then two chief duties of 
roots, 10 absorb water from the soil for 
tbe w hole plant, and to hold it finnly ill 
the ground. The fine fibres of the root, 
which are so much divided and run in 
the soil, serve both these purposes, as 
they expose a large area to contact with 
the soil, and so can absorb much from 
it, as well as getting a good hold of it. 

As well as these two chief functions, 
there are man yother pieces of work 
which roots may do, and according 
to the special work they take up, so they 
become modified and look different 
from usual roots. 

One thing they often do is to act as 
ot~,l,~t. ~!o= s/;;:)rehouses oJ food. For example, ' ex
with stored 100<1. amine the root of a carrot. The part 

we commonly call the carrot and which 
lve eat, you will see is really the main axis of the tap 
root, and has the little side roots attached in the usual 
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way. The unusual thicKness of the main root is due to 
the large quantities of food which it litores. Just in the 
same way radishes 
and many other 
plants have their 
main root s very 
thick and packed 
with food, while 
dahlias have their 
side roots thicken
ed in a similar way 
(see fig~ 39). Such 
modified roots, 
which look quite 
different from or
dinary ones, are wir~gf~: Dahlia, with storage roots packed 

ca lled Storage 
roots, and 'if you examine many of them you will find 
them packed with starch (see p. II for iodine test). 

Although it is general for the roots to hold the plant 

Fig. 40. Adven~ 
UlioU3 roots grow
ingout from the stem 
of Ivy between the 
leal stalks. 

firmly in the ground, ill some cases they 
grow out oj the stem ill the air and help 
to hold it up against a tree or wall, or 
some support, as in the case of ivy. If 
you pull off a branch of ivy which is 
climbing up a tree you will find that all 
along the back of the stem there are 
tufts of short thick rootlets which often 
come away holding a piece of the bark 
of the supporting tree. These roots, 
you will see, do not come out in the 
usual way from the main root or base of 
the stem, but come out all along the 
stem itself (see fig. 40). Such special 
roots are called "Adventitious," and 

they grow from the stem wherever they are needed. 
Adve/ltitious roots may also come out from a wounded 

plant which has had its true roots cut away. For' 
example, take a piece of Forget-me-IlClt stem without 
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any roots, and slit it at the base, and put it in a glass of 
fresh water. After a week or so you 
should see little white roots growing 
out from the s1em into the water, and 
if you let them get strong you may 
then plant the sprig and get a new' 
forget-me-not plant from it. In this 
and all "cuttings" adventitious roots 
growing out from the stem do the 
usual work of roots. There are many 
other kinds of adventitious roots, but 
we must only mention the orchids, 
some of which have long tufts of 
roots which grow out irregularly from 
the sfem and hang in the air. These 
~re special air-roots, and grow on r.!:~·or~n 6~~~~t ai, 
many orchids, but also on some other 
plants which live attached to trees and absorb the water 
:mt of the air instead of from the soil (see fig. 41). 

There are many other curious roots, particularly ill 
plants which grow in 
tropical countries, e.g., 
the stilt 1'oois which come 
out from the base of the 
stems of many palms and 
make tripod-like supports 
(see fig. 42), and others 
which grow from the high 
branches to the ground 
like pillars, and prop up 

Fig. ",. Supporting or ,Ult roots the heavy trunks. How-
~~\~t:oUI from the base ofa small Palm ever, we do not need ·to 

go so far to find very many 
different kinds rf roQts, and if you examine carefully 
those of the plants growing in our woods and lanes, you 
will find what a number of extra pieces of work they can 
do, in addition to th.eir two chief duties of drawing in 

• water from the soil, and holding the' plant in \ts position 
in the earth. 



CHAPTER XII. 

STEMS 

EXAMINE the stem of a sunflower; it is tall and straight 
and grows upright in the air, bearing leaves which stand 
out from it. 

In a young holly, and many other plants, we find 
growing out from the central stem smaller side branches 
which bear the leaves. As we have found already 
(Chapter VI.), the leaves are the active parts of the 
plant and do the food-building, so that the stem is 
chiefly useful as a support, which keeps them in a 
good position as regards the light and air. In general, 
we do not see much of the stem because it is largely 
hidden by the covering of leaves, so that if you want to 
study stems you should go to the woods in the winter 
when there are no leaves on the trees, and you can see 
the form of the branches themselves. 

In' big trees, such as the oak and beech, the stems 
are very important, and the chief stem or trullk becomes 
very thick as it gets old. It is made of hard wood which 
is tough and strong, for such high trees have to bear 
great strain from the winds, as well as the weight of all 
the leaves. If you go into the woods when it is very 
windy, and watch the thick wooden boughs swaying, 
boughs which you could not move, you will see how 
much force the wind may sometimes have. The 
branches need all their strength in the summer to 
support the curtain of leaves which catches the wind. 
In a big tree we find the few chief branches thick and 
strong, but there are many hundred smaller ones, some 
of them dividing to quite delicate branchlets which ... 
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bear the leaves, so that the whole tree body is very 
much complicated (see fig. 43). _ 

Each kind of tree has a way 
of branching \\'hich is charac
teristic of its species, so that 
even without leaves or flowers 
a woodman can tell what a 
tree is. This one can learn 
by practice in the woods, but 
to begin with it is rather diffi
cult. Without going into de
tail, however, we may notice 
great family differences, such 
as exist between a larch or a 

1t:~~~3. Much-branched stem 01 Christmas-tree and an oak. 
I n the first two there is 

one straight main trunk, with side 
branches at very regular intervals (see 
fig. 44), and in the oak the main thick 
trunk soon bears several large branches 
nearly equalling the main stem ; these 
divide again and again in a rather 
irregular fashion (see fig. 43). 

In many of the smaller plants the 
stems are not strong enough to stand 
up against the wind, and they simply 
lie along the ground or support them
selves by growing among other plants, 
such, for example, as the common 
Stellaria, where the stem is very deli
cate indeed (see fig. 45). Then again, 
if you pull up a large water-lily, you 
will notice how soft and limp the long Fig. 44. TheLarcb, 

leaf-stalks are. They cannot support ~w;;:,~~. ~~~ng~~~ 
themselves at all in the air, though delicate ,ide branche •. 

they were upright in the water. This 
js because the stalks get their support"from the water 
which allows them to float up, so that the plant does 
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not build a strong stem. You wi ll find that plants are 
very economical in their use of strengthening material, 
and never waste it 
where it is not want
ed. If you remember 
this, and then study 
all the stems you can, 
and note when and 
where they are streng
then ed, you will find 
what good and econo· 
mical architects 
plants are. 

As well as support
ing the leaves, the IYi~~~~\heD;I~C';::l stem of the Stellaria, partly 

stems have another 
very important duty, something like that of the roots. 
Just as the roots absorb the water from the soil and 
carry it up, passing it on to the stems, so the stems carry 
it on to the place where it is finally used, that is, to the 
leaves. In both stems and roots there are channels or 
" water-pipes" which carry \Vater about, as well as other 
special" pipes" which carry the manufactured food . 

So that the two chief duties of stems are to act as 
supports for the leaves and flowers, and to carry the food 
materials and water between the roots and leaves. 

Just as we found in the case of the roots, there are 
many extra duties which the stems may take over, 
and as a result, we find great variety in the appearance 
of stems. For example, in some plants the stem does 
not grow up into the air at all, but creeps along}ust below 
the surface of the gro!l1'/d. This you may see if you dig 
up a Solomon's Seal or an iris, when you will find that 
the stem looks very like a thick root running horizontally 
in the ground. That it is really a stem you can tell from 
the fact that the leaves grow out from it, and you can 
see the scars of old ones as well as the present leaves, 
and also some little brown scaly leaves, and a large number 
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of adventitious roots. The stem is rather swollen with 
food materials which are stored up in it, and 
it is not coloured green like many of those 
growing in the air. Such a stem, creeping 

Fig. 46. t;nderground stem of the Solomon'S 
Seal, called a Rhizome. It has many scaly Ic::avc:s, 
I and a shoot A which \vilJ come out into the air 
bearing green leaves. B is the scar left by the 
similar shoot of last year. r are the adventititious 
roots which come out all over the stem. 

under the earth, 
and only sending 
its green leaves 
into the air, has 
a special name, 
and is called a 
R hizome. Many 
plants have such 
stems, particular
ly ferns, as you 
can see very well 
if you dig up a 
bracken. 

Some oj ihe UIl

derground siems 
which siore food are still more modified , so that it is very 
hard indeed to tell what they really are. This is the 
case in the potato, which you would naturally think at 
first is a swollen root, like those we saw in the dahl ia 
(fig. 39). That it is really 
a stem you can see by ex
amining the " eyes" care
fully. The eyes (see fig. 
47) are buds with scale 
leaves round them, and at 
the tip of the potato we 
can see several such buds 
together (fig. 47 i). The Fig. 47. A Potato: s. the slem attach
whole potato is a very ing it to Lhe malO stem; e. scale-teal ;b. 
much swollen stem which bud in its .xil; ~ tip of the Putato wIth 

~everal buds, some of which are sprout· 
is packed with food and mg. 

has all its other parts so . _ 
reduced that it is difficult to recogmse them. Such 
special stems are called Tubers. 
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Certain stems take on the work of leaves, and some· 
times they are so much modified for this that the planl 
has no true leaves at all. This is what has happened in 

li"ig.48. C."clus pl:lllt, showing 
ilS fleshy stem, which is green, 
and docs the food bujlding for 
lhe plant. The tufts of spines 
and hairs represent the leaves. 

the case of a cactus. If you 
can get a cactus, examine il 
carefully .md you will see thai 
the whole plant consists of ~ 
thick mass of green tissue, 
which apparently is not di
vided into stem and leaves. 
But the truth is that the whole 
of the thick mass of tissue is 
the stem, and the little tufts 01 
spines and hairs are really rc;;
duced leaves. So that in the 
cactus the green stem does all 
the food building work instead 
of the leaves. 

In some plants this is not so 
much marked, even though the stem does some of the 
work for the leaves. In such cases the stem is gener
ally green and broad or winged and the leaves small , as 
in our common broom and the whortleberry, where 
the leaves very soon drop off. Quite a number 01 
plants have stems whieh do this, and it is sometimes 
a great advantage to the plant, for the big leaves are 
often very wasteful of water, as you will see in Chapter 
XVIII. 

In other cases we find that the side branches 0/ 
stems may be modified to protect the plant, and so 
take on the form of strong spines or thorns, as in 
our blackthorn, where the sharp pointed spil/es aTli 
modified side slzoots. 

There are many other pieces of work which sterns 
may do j we must just mention the climbing and twin. 
ing stems. where the stem is delicate and requires to be 
supported. which we are going to examine mOTe care
fully in Chapter XiX. 0 
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Sometimes, instead of con
tinuing to grow into the air, 
the stem may bend over 
into the earth again, as often 
happens in big bushes of 
bramble (see fig. 49) , and 
then from the tip of the 
stem a number of adventi
tious roots (see p. 56) grow 
out and hold it firmly in 
the ground. If, then, this 
branch gets separated from 
the res t of the plant, it 
can build a complete new 
individual. 

In the case of the bramble 
notice how the leaves get 
smaller and smaller towards 
the tip of this branch as it · 
bends down to the earth, 
and of course, they do not 
develop at all as true leaves 
under the soil (see fig. 49). 

From these examples, and 
the many others you should 
be able to find for yourselves, 
you see that stems may take 
on other duties beyond 
their two chief ones, but that, 
however much they change 
their form and appearance, 
we can always find out that 
they are really stems by 

£ studying them with a little 
.- care. 

Fig.49. Leafy bra.nch of Bramble which 
has bent into the earth and given rise to 
a cluster of adventitious roots at the tip; 
I , le.vel or soil j PI point where the branch 
was cut from the parent plant. 



CHAPTER XIII. 

LEAVES 

THE late spring and summer are the best times to study 
leaves, for, as you mllst have noticed, the woods begin 
to lose their green in the autumn, and the leaves have 
fallen in the winter. This tells us that the fresh green
ness of the leaves (which you know is so important 
for the plant) does not last very long, and when they are 
no longer green the leaves are useless and drop away. 
As you know, the chief worl~ of leaves is to build 
starchy food, for which they require their green 
colour. 

When you go into the woods or gardens to study the 
leaves, first look at single ones, 
collecting as many kinds as you 
can. Though their shape varies 
very much, you will find that in 
almost all cases they are green, 
eJl-panded, and flat. Let us first 
examine a single simple leaf, like 
that of a cherry. You will see 
that the expanded part (called 
the leaf blade or la1llina) narrows 
down to a small stalk, which con
nects the blade with the stern 
from which the leaf is growing j 
this stalk is called the leaf sfalk or 

Fig. so. Simple leaf of the petiole. Then at the base of it, 
Cherry. just where it joins on to the stern, 

there are two little leaf-like struc
tures which are not true leaves, but which belong ttl .. 
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so on. 
Let us compare a rose leaf 

with the simple leaf ofacherry, 
oak, or beech. In the rose you 
will find five or seven small 
leaflets arranged on a single 
main stalk, and each of these 
leaflets separately is very much 
like a single leaf of the beech. 
Such a leaf as this we call 
compound, for it is divided 
up into several parts, each of 
which looks like a whole leaf Fig .51. Compoundlea[o[lheRos< 

(see fig. 5 I). 
Leaves are of very many different kinds and shapes, 

and special names have been given to each kind, which 
you can look up in a book if you want to classify them. 

Let us just notice a few of 
thetypes. Thecherry,beech, 
and others which are simple 
with slightly pointed ends, 
we may call by the proper 
term ovate. Then there are 
leaves like those of the nas· 
turtium, where the leaf blade 
is circular and the leaf stalk 

tiu~~~ 'S~~Wi~~lt~~: ~~:~k:St~~~~tli~ does not come in at the base 
the middle of the lamina. of the leaf, but is attached to 
the middle of it; such leaves as that are. called pelta/e. 

The broad or rounded leaves, which spread out like 
the palm of a hand, such as the ivy (see fig. 26), are 

( c 'lW ) .'1 
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ca lled cordate or lo bed, and when compound , as are 
t hose of t he horse chest 
nu t, palmate. 

All th e grasses and the 
many plants belonging to 
their family have very long, 
narrow leaves, which we 
call I iI/ ear, while those of 
the pine trees are sharp and 
pointed, and are called 

in:~~' ~~irs~ecdl e kan!s of Pine grow· needle leaves. 
As we noticed in com· 

paring the leaves of th e rose and cherry, some plants 
have very mllch more complicated 
leaves than others. Now sll ch 
compli cated strllctures do not de
velop on a plant all at once, as 
you can see if you examin e a very 
young rose seedling. The firs t 
pair of leaves or coty ledol"ls do not 
remain inside the seed as they do 
in the bean, but grow outside into 
the air and become green ; they are 
q uite sim ple leaves with smooth 
edges. The next leaf which un -
fo lds is also simple, bu t it has a 
deeply toothed edge (see fig. 54), 
while the leaf following that is a 
compound leaf, divided into three 
leafl ets. The other leaves gradu
ally get five and then seven leaflets 
as the seedling grows up. 

This is just one example of what 
usually happens in the history of 
plants with compound leaves, or 
leaves with any special shape; 

Fig. 54. SeedlingofR()se ; 
(c) cotyledons j «(I) nex l leaf, 
simple, but toothed i (b) next 
DIcier leaf di vided into three: 
leaRets. 

the young seedling's earlier leaves are much more 
simple than the later ones. You should collee! as many 
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seedlings as possibl e and make drawings of them if YOll 
can, to show the variolls stages leaves pass through 
before reaching the full -grown com plex form. 

Now let us look again at the actual structure of leaves. 
H old up those of the rose, or lilac, or lime tree to the 

light, and look at 
the" veins" run
n in g i n them. 
There is a chief 
central vei n or 
mid-rib, and from 
it a number of 
s id e branch es 
come off and di
vide and branch 
again and again 
till they form a 
fine net-work 
throughout the 
whole of the leaf 
blade (see fig. 55). 
If now you look 
at a grass or lily 
leaf, you will find 
thatthere are very 
many veins about 
equally import .. 
ant, running from 

w:~l:~nhe ~~~!fll~~i~fs.a leaf, showing the fine net· end to end of the 
leaf and remain

ing nearly parallel to each other. This difference 
between parallel veills and net-work (or reticulate) veins 
is quite important, and is one of the characters which 
help to separate ~wo very big famili es of fl owering plants 
(see Ch'lpter XXII!.). 

Now let us see in what way the leaves..are arranged on 
the stem. If you pick a branch of dead nettIe you will 
'see that the leaves are attach"d by their stalks to the 
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stem in pairs, two leaves coming off from the same level 
at opposite sides of the stem (fig. 56); while fig. 57 shows 
that the leaves 
of honey-suckle 
re a lly do the 
same thing, only 
they grow out 
directly from the 
stem astheyhave 
no leaf stalk. Now 
look once more 
at the leaves of 
the dead nettle, 
choose on e par
ticu�ar pair to 
start with, and 
then look how 
the pair above it Fig. 56. Alternating pairs of leaves of the Dead 
are placed. You Nettle. 

will see that they 
do not lie directly above the pair you chose, but are 
arranged on the opposite sides of the stern, so that the 
two pairs alternate. If then you look at the pair next 

above them, you will see that 
they are arranged in just the 
same way as the first pair, and 
so alternate with the second. In 
this way every pair of leaves on 
the stem aliel'"nates with the pair 
above and below it. Now ex
amine a pear or cherry twig, and 
you will see that the leaves are 

5U~~~ i~~ve~ai~i~r n~o1~i; arranged singly on the stem . 
• talks. Fasten a piece of thread to the 

stalk of one leaf and twist it 
round the base of the next, then on to the next above 
and so on. You will find that the thread makes a spiral 
round the stem, and finally comes to a leaf higher up it, 
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which lies exactly above the one you started from. 
Very many plants have their leaves arranged like this in 
a spiral on the stem with the youngest at 
the top. There are different kinds of 
spirals for the arrangement of leaves in 
the different plants. You can see this by 

making the spiral of 
~ thread and counting 
~ ..t..._.. how many leaves you 
"101 pass on your way up 

Fig. 58. Branch of 
Cherry (leaves cut off 
to make it clearer), with 
a string twisted from 
leaf stalk to leaf stalk 
showing the spiral ar~ 
rangement. Note that 
leaf 5 is the first to come 
immediately above the 
one you started from. 

the stem tiJl you reach 
the leaf which lies just 
immediately above the 
one you start from. ar;;:;ge~~'n a~~~~~~ 

Sa m et i m es th e in the Horseta il. 

leaves are arranged in 
a circle all round the stem at the same 
level; this is the case in the horse· 
tail (see fi g. 59), and such an arrange
ment is called 
a whorl , but it 
is no t very 
comm on in 
plants. 

In the goose 
grass the 
leav es look 
very much as 
though they 
were really in 
awhorl (see fig. 
60), but ther~ 

are only two true leaves; the oth-
ers are the stipuies, which are so Fig. 60. Leaves 01 Goose 
much like the leaves that it is very grass looking like. whorl 

difficult to tell them apart. • 
As we found out already. leaves reqnire light and air. 

and usually arrange themselves so as to get them; 
(c ;>oo) n 
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hence, in a general way, we may observe that the 
leaves all grow to face the light. If you go under a 
beech tree, for example, and look up, you will find that 
you can see nearly all the big branches on the inside, 
while the leaves form a covering or dome on the outside. 
Special cases of leaves so arranged as to get a good light 
we noticed before (see pp. 36 and 37). 

As well as their own particular work, leaves 
may take on extra and different work, so becoming 
modified to suit their different occupations, and unlike 
true leaves. We already noticed in the cactus (see fig. 48) 

that the leaves become 
like sharp spines which 
protect the fleshy stem, 
and can do none of the 
usual work of leaves, 
because they have lost 
their green colour. 

In some plants leaves, 
or parts of leaves, may 
change into fine tefl.drils 
which become very sen
sitive to touch, and can 
twine round supports 
and cling to them, ~nd 
so help the plant to 
climb. Such tendrils 
we saw (fig. 31) move 
very quickly; they are 
quite different in their 
structure from ordinary 
leaves. This happens 
in many plants, and you 

Fig. 61. Leaf of Pea, showing ieaBets may see it very well in 
modified as tendril~ (I); expanded leaAela (0). the sweet pea (see fig. 

61); where only two 
leaflets of the compound leaf remain leaf-like, the others 
having been changed into tendrils, 



CHAP. XIII. LEAVES 

When we come to look at Flowers, with all their 
special shapes and brightly coloured parts, we are really 
looking at modified leaves. But they are so very much 
modified that we have come to consider flowers as things 
by themselves, and so we will study them later on. 

Some plants which do not have true flowers, yet have 
leaves of two kinds. For example, the" flowering fern " 
has the usual green leaves and others which form rather 
brownish golden spikes, and which are covered with 
spore· cases. Then again, some leaves are very specially 
modified and are changed from the usual structure in 
order to act as traps for insects (see Chap. XXI.). 

Oiher leaves, instead of being very much developed, or 
specially developed along some line, are simply reduced, 
that is, are very little developed indeed. For example, 
as you saw in the under-ground part of the potato and 
many rhizomes growing horizontally, the leaves never 
become large and green, but remain as simple brown 
scales. Some scale leaves have quite a special work to 
do in the way of protecting the very young green leaves 
while they are in the buds, and we will look at these 
carefully in the next chapter. 

We have now seen that leaves, like all the other parts 
of the plant, can modify themselves in a very great 
number of ways, and may do many extra pieces of work 
above and beyond their chief work of food manufacture. 

• Spans are simple little structures which do much of the work 01 
seeds. See the Cbapter on Iterns. 



CHAPTER XIV. 

BUDS 

THE proper time to study buds in nature is the spring, 
but then you will have to wait long to see all the different 
stages of their slow unfolding. But they can be made 
to open artificially, and it is really wise to study buds in 
winter, when there are not so many other things to do. 
You can arrange this very well -if in th e late autumn you 

cut off fairly big branches with buds 
on them (horse chestnut is particu
larly good for this) and keep them in 
a warm room. You must, of course, 
keep the cut ends of their stalks in 
water, which you should change every 
three or four days, sometimes cut
ting off a piece from the ends of the 
branches so that they have a fresh 
surface exposed to the water. In 
this way they should live for months, 
and may just begin to unfold and 
show fresh young green leaves about 

H';'~~ ~hes!':.~· ~g~~ Christmas time, when the buds on the 
ning to un Cold. trees out in the cold are still tightly 

packed up. 
Watch the buds as they unfold, and you will find that 

round each bud are several dry brown scales; these 
drop off. and within them are more green. leaf-like 
scales enclosing the true young leaves, which are 
still curled up and very small when they first come 
out. 

If you examine a big bud which has not yet begun to ,. 
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unfold, and carefully pull off all the parts separately 
with the help of a needle and knife, you will see how 
the outer scales fold over one another like a coat of 

F;g. 63. Bud of 
the Horse Chestnut. 
showing the over
lapping of the scales. 

mail, and_ where they are exposed to 
the outside air they are hard and shiny, 
and in many plants are covered over by 
a sticky waterproof substance like tar
paulin. These outer scales keep off 
the rain and snow, and keep the inner 
parts dry and unharmed. Within them 
the scales are softer and often quite 
green, and they, too, wrap round each 
other, so that there is no crack left which 
could allow the cold rains to enter to 
the little leaves within. In many cases 
also the young leaves are wrapped up 
in soft, long hairs which look almost 

like cotton wool. These hairs grow on the leav.es 
themselves, and you can see them after they have 
opened out, but as the leaves are then much bigger, 
the hairs are scattered further apart 
And do not show so much. 

If you cut right through the length 
of a bud with a sharp knife, you will 
see how all these scales and young 
leaves are packed together, as in fig. 
64· 

Take another bud and carefully pull 
off all the scales one by one and lay 
them in a row, beginning with those 
right outside j you will see that they 
get less scale-like and more like real 
leaves as you go in towards the centre 
of the bud (sec fig. 65). The ('utside 
simple brown scales scarcely look like 

F;g.14- Bud cut 
through lengthways. 
showing the bud
scales and young 
leaves packed witb. 
in them. 

leaves at all, but the inner ones are green and soft, and 
in some plants, those right inside have quite a leaf-like 
appearance. 
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This helps us to see that bud scales are I·eally ollly 

eO)c . 
. 

~. .d . ~ 

Fig. 65- A series of bud scales (rom a Horse Chestnut; Ca) 
and \b) are entirely hard and brown j CCI and (d) are brown at 
the. tips and green at the base, where lhe others cover them i 
(el is quite green, soft , and leaf~1ike . 

modified leaves, which. are altered fOI" their special work 
of protection of the young leaves through the winter. 

Of course, you know that the buds are already on the 
trees in the late autumn after the leaves have fallen j but 
have you seen the buds already there in the summer 
while the leaves are still fresh and green? If you look 
for buds you will be sure to find them, and at the same 
time you will learn where they grow on the stem. You 
must look right at the base of the leaf stalk, in the 
angle made by the leaf stalk where it joins the main 
stem j this is called the axil of the leaf, and it is in the 
axil of the leaf that you will find the small green buds 
in summer-time. These buds grow out in the following 
year, so that a new leaf comes in very nearly the same 
place as the old one, or, what is more usual, there 
grows out a new branch which may bear several new 
leaves. Now examine a twig of horse chestnut or 
sycamore from which the leaves have dropped; notice 
that, where the buds are to be seen on the stem, 
they lie immediately above scars of a definite shape, 
which are the scars left by the fallen leaf stalks, as you 
can see by comparing them in the autumn with leaf 
stalks which are just falling away (see fig. 66, 1, b, 
and s). 

On the stem there are other scars, which are different 
from the ordinary leaf scars, and which are like bands 
of fine lines round the stem. What are these? Now 
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if the single big leaf stalk leaves its scar so clearly on 
the stem, what kind of scar would a number of thin 
scales lying close together be likely to leavt:? Will it 

not be a number of narrow scars 
in a band, just such a scar as we 
have here (fig. 66, a, a', and 

it. a '). If you mark a bud on a 
tree or one of the branches in 
your room and watch it unfold. 

~~'a+--£. and keep a note of it till the 
autumn, you will find at its base 
where the bud scales were, that 
there is then a scar just like this. 
Whenever you see such a scar 
you will know that it has been 
left by a bud. Now you know 
that, as a rule, trees have buds 
only once a year, so that each 
of the bud scars along the stem 
must represent a past year's bud, 
and if you count these scars 
along the length of the stem it 
will tell you the number of years 
the stem has been growing. For 
exam pie, in fig. 66 the twig shows 
us five years' growth if you count 
the last bud which will grow out 
to form a shoot. 

The buds which come in the 
axils of the leavces along the stem 
may form new leaves, or may 
develop into side shoots with new 
stems and leaves. There is an
other bud, generally bigger than 

Fig. 66. Branch of Sycamore, showing leal 
stalk e/) with bud (b) in its axH. Scan of leaf stalks 

~~d'l(:, :i~ft\(;~~~~~!i~al~:j~h ofc;~:t ~~J~ I ), 
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these, which grows at the end of the shoot (f, fig. 66). 
This has just the same structure as the others, but it 
will certainly grow out to form a stem and carry on the 
line of growth of the main shoot, unless it is injured. 

The amount that the shoot grows in one year depends 
on very many things, on the light and warmth it gets, 
on its food and the growth of its neighbours. Hence, 
in the growth of different shoots in the same year, or 
the same shoot in different years, we find very great 
differences. Sometimes a number of bud scars lie very 
close together, showing that for several years it had only 
grown a small amount, while in the years following it 
may have added very much to its length. In some 

plants there are little 
side shoots which ne
ver grow much, and 
always remain quite 
short; for example, in 
the larch each tuft of 
leaves growsonalittle 
stunted stem which 
represents several 

. . years' growth and 
Fig. 67_ Larch, WIth tufts of leaves growmg. ' 

from short side shoots. • which never reaches 
any length (see fig. 67). 

Not only do we get leaves and stems packed away in 
buds, but the flowers for next year are there also. For 
example, examine several of the big horse chestnut buds 
from the outer branches of the tree, and you will be sure 
to find tiny sprays of young flowers packed away in the 
hearts of some of them. 

There are some quite special buds which we must 
notice, and which at first sight appear very different 
from real buds. They have been given a different name, 
and are called Bulbs. Gut right through a tulip or 
hyacinth bulb lengthways, and compare it with a horse 
chestnut bud to which you have done the same. The 
arrangement of the parts of the two things seems to be 
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very similar. If you examine th e bulb in detail , you 
Will find that It IS protected on the outside by brown 
hard scales, and that the softer leaves within are fo lded 
over Each other very mu ch lik e those in the true buds. 
Now th e bud of the horse chestnut is attached to the 
parent stem-is there nothing corresponding to th e stem 
in the tulip bulb ? Look carefully at the base, and you 

Fig. 68. Bulhcutthrough, show
ing the over lapping scates (s) packed 
with food attached to the shortened 
stem S. B is the bud, which will grow 
oul into t he ai r , and (h) the bud which 
will form a new bulb next ytar; (y) 
ad\'cnt itious roots growing from the 
base of the stem. 

will see a little mass of ti ssue 
which holds th e scales to
gether (see S, fi g. 68) j this is 
the stem, whi ch is short and 
very mu ch reduced, being 
unlike a usual stem . Th ere 
is also one great difference 
b etween the scales in the 
bud and the bulb. In th e 
bud they are rather thin and 
dry, but in the bulb they are 
thick and white and very 
fleshy, and if you test them 
with iodine, you will find 
that they contain mu ch 
starchy food. Th ey form 
the storehouse of the tulip , 
and this food will be used 

by the plant when it begins to grow. In the axils of 
these thick fleshy leaves you may often find small buds, 
which will get large and fleshy by next year and form 
the new bulbs (see fig. 68 b). . 

Sometimes little bulb-like structures grow 11l the 
axils of ordinary leaves, for example, in the tiger lily j 
these drop off when they are ripe, and can grow into 
whole new plants. They are really half-way betweep. 
bulbs and true buds. 



CHAPTER XV. 

FLOWERS 

IF you have ever noticed a pea-flower fad ing, you will 
have seen that from its heart there grows a little green 
pea pod which ripens till there are full-grown peas in 
it (see fig. 80); and a yellow dandelion flower turns in 
the end to a white puff ball which scatters a hundred 
floating fruits. In fact, almost all flowers which have 
not been spoiled by the gardeners and" over-cultivated ,. 
leave in their place when they die fruits and seeds in 
some form or other. This gives ItS the key fo fh e secret oj 
fh e stntcture of the flowers themselves. They are the 
forerunners of the fruits, containillg Jivillg seed, alld 

tlleir stnlc/ure and all their 
parts are adapted in some 
way to help in the forma 
tioll of ft·uit. Now let us 
examine the flowers, never 
forgetting that fact. 

Let us choose, for ex
ample, a harebell. On the 
outside we find five separ
ate green parts, and if we 
examine a bud which has 
not yet opened we shall 
find that these fold quite 
hbhtly over the inner por-

Fig.6cJ. Flowero! Hacebell ; (s) sepals ; tions of the flower and 
(p) petal,. 

protect them, as they do 
in the rose and in almost aIr flowers (see fig. 69). In 
this they ~orrespond to some extent to the bUG scales, 

,8 
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and their special work is that of />rolecliol1. In all hare
bells and roses there are I1ve of these parts, but in the 

Fig. 70. Buds of the 
Rose; A with the calyx 
coveri ng the inner parts, 
B wi th the petals opening 
Ollt. 

wallflower you will lind on ly four , 
and in poppies two, and so on. 
There are different numbers of 
them in the different kinds of 
flowers. They are also of different 
shapes and sizes; sometimes each 
of th e five parts is free, and some
times they are all joined up togeth er 
to form a true cup, as in the prim 
rose (see fig. 72). These outer 
green protective parts have a special 
name, and are called the ca ljlx or 
cup, while each of the separate 
parts which makes the cup is 
called a sepal. 

Directly within the calyx we 
come to the parts which are gener
ally bright and prettily coloured, 
and which give the chief beauty to 
the flower. In the harebell which 
we are examining these parts are 

joined up to form a bell , but in the rose they are each 
separate (see fig. 71). In both harebell and rose we find 
five of these parts, and the same 
number in the primrose, where 
you will find that they are joined 
up at the base to form a long, 
lIarrow tube, and then spread 
out separately like those of a 
rose. Both in the harebell and 
primrose, where they are joined 
up, we can tell 'the number of F,g 7

'
. Flowe, of the Ro,e, 

parts which go to make the w,lh ,epa, ale pelals. 

whole bell or tube (and this is - . 
nearly always the case in bell flowers), while, of course, 
where the parts are free it is quite easy to count them , 
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and we find that for each kind of flower their number 
is always fixed. For example, we find five in the hare
bell , rose, primrose, and many others, four in the poppy, 

wallflower, cress, and so on. 
These parts are called the 
petals, and in almost all 
flowers you will find that 
they are bright and pretty, 
and stand out from the sur
rounding green leaves, so 
that they are easily seen. 
When the cups or bells hang 
down they may protect the 
parts within from the rain, 
but that is not generally 

S h~:V~;l~z·th~r!~~~I~~~sfJ(S)v~~t~~~~~el~ their chief work. The _Ii rst 
Ihe (u be formed by lhe petals. duty of tlze petals is to be 

altraclive. You will under
stan d better why this is so after we have gone further 
into the flower. 

Within the petals, and, in most cases, lying at the 
base of the bell , you find several yellowish dusty sacs, on 
fine thread-like stalks. In most flowers they are all free 
from each other and from the petals, 
but in the primrose they are fastened 
to the tube of the petals (see fig. 72). 
I n some flowers you will find a great 
many of these, as you do in the wild 
rose (see fig. 71) and the poppy, where 
there are so many that you can hardly 
count them. In other flowers there are Fig. 73· Flower 

very few; for example, there are only ~~l;h~~ds~:~~li':l!r 
two in the blue speedwell (see fig. 73). 
In most flowers the single stamens, as they are called, 
are very much alike in their structure, and they all have 
the same work to do. Look at these structures in a 
tulip Of lily, where they are very big, and carefully pull 
one off and examine it (fig. 74)' You will find that it 
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consists of a stalk which we call the filament, with two 
long sacs at the tip which hold the yellow dust, and 
which we call the anthers. If you examine a fu lly 

blown flower of the tul ip or lily, you 
will find that the sacs spli t open right 
down their length and let out a fine 
yellow powder. This powder is the im
portant thing about the stamens, alld is 
called the pollen. In all stamens you 
will find the an thers or pollen sacs, 
while the stalk, which is less important, 
is not always developed. Sometimes the 
sacs split right open like those in the 
lilies, but there are other ways of open
ing; as for instance, in the rhododoo
dron you will see a li ttle round hole at 
the tip of each anther, which lets the 

F 

Fig. 74. Single 
stamen from Tulip 
Rower; A, anthers, 
or poUen sacs j F, 
filament, or stalk of 
stamen. 

pollen shake out like pepper out of a pepper-pot. 
Now we have come to the heart of the flower, and find 

there the most important thing in it. Examine a sweet 
pea, for example, and • 
you will find in the mid
dle of the flower a tiny 
green structure very like 
a pea pod, with a little 
sticky knob at . the tip. 
In the heart of a tulip 
you wi ll find a long green 
box with a sticky, three
cornered knob at the top 
(fig. 75), while in a butter-

b Fig. 75 Flower of Tulip laid open. 
Cu p there are a Dum er showmg the three..comered central green 
of these structures in- box contammg the young seeds. 

stead of one (see fig. 76s), . 
each of which has very much the appearance of -a httle 
pea-pod. Open the pea-pod, or the box of the tulip , 
and you will find within it a number of very small balls 
6f a cli:ar gret'!n colour. "1 hese ar!l the young structures 

(Q200) ~ 
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which will become seeds when they are older, and they 
are the most important things in the flower. The green 

box which protects them 
is called the carpel in the 
case of the pea-pod, where 
there is one space in it. In 
the tulip you will find that 
the box is divided into 
three compartments, and 
each of these is called Fig. 76. Buttercup flower laid open, 

sbowing that there are many seed·boxes 
(s) in the centre of the flower. R, tbe 
receptacle is the swollen end of the 
Bower stalk. 

a car-
pel (see 
fig. 77). 

You may think of the tulip carpels as 
being the same thing as three pea-pods 

~j oined very tightly together. Some 
(flowers have only one carpel; others 
have three or five joined up like those 
of the tulip, while others like those 
of the buttercup have a very large 

Fig. 77. Carpels of 
the Tulip cut open to 
show that there are 
three spaces with seeds, 
each division represent. 
ing a single carpel. 

Fig. 78. Flower of 
Cherry cut open to show 
the hollowed receptacle, R, 
below the level of the 
petals, and containing the 
carpel, C. 

number of single 
separate carpels. 

In the pea, 
tulip, buttercup, and many others, 
the carpels are in the centre of 
the flower, above the petals, and 
attached to the swollen end of the 
flower stalk, which is called the 
receptacle, as in fig. 76 R. Other 
flowers have the receptacle hol
lowed out like a cup or goblet, 
and the carpels sunk right in it. 
When this is the case, we generally 
find that the sepals and petals lie 
above the carpels and not below 

them, as in fig. 78. This is also the case in the rose, 
where in fig. 70 flower B shows clearly the sVlollen 
part below the bud, which is the hollowed receptacle 
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containing the carpels, and the same IS true of the 
harebell (see fig. 69) and many flowers. 

What can be the use of the sticky tip that we found 
on the carpels? Examine the tip of the carpel of a lily 
which is well open, and you will very likely find some 
of the yellow pollen sticking to its surface. It is a 
curious fact that the little structures within the carpels 
which will become seeds cannot ripen into true seeds 
unless they are waked up to growth by the pollen grains. 
The sticky tip of the carpels (or stigma, as it is called) 
catches the pollen grains and holds them; then they grow 

. down into the carpels and carry with them the nuclei (see 
p. 92) that enter the undeveloped seeds. These stir the 
celts to divide, and after many divisions the embryos are 
formed and the seeds ripen. Sometimes the stigma has 
a long stalk which places it in a good position to catch 
the pollen grains. This stalk is called the style, and is 
to be found in many flowers (see fig. 72). 

The pollen dust is fine and light, and may be carried 
by the wind on to the stigma, as it sometimes is in 
poppies, and always is in pine-trees; but this is rather 
a wasteful way, because the wind blows so irregularly 
that very much pollen is lost and never reaches the 
stigma. In order to save some of this loss, and to make 
the pollinating more certain, flowers have arranged their 
parts so as to make use of the help of insects. You 
know that very many flowers have sweet honey in them 
which the bees like, and come to collect, going from 
flower to flower to do so. When the bee settles on the 
flower it gets covered with the pollen dust, and then 
when it goes to the next flower ,and walks over it, it is 
almost sure to leave behind it some of the pollen stick
ing on the stign:a. Of course, in this \~ay <l;lso some 
pollen is lost, but insects are far more reliable than the 
wind. We now see the use of the bright coloured 
petals; they help to attract the bees to tb e flower. The 
fk>wers · have made the bees and other· insects their 
special -caiTiers' of pollen, and they pay the insect with 
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honey. and some of the surplus pollen. Bees generally 
go from flower to flower of the same kind on anyone 
day 's journey. so that the flowers get pollen from others 
of their own kind. This is important. for " foreign 
pollen " (as the pollen from quite different kinds of 
flowers is called) does not help the young seeds at all. 

We have now found a use for all the parts of the 
flower. 

There are many special things about flowers which 
we must leave till later on, but we may just notice now 
how some are regular, like the primrose, rose, poppy, 
and so on, which are after the pattern of a circle, and 
appear the same from whichever side you look. Others, 

like the violet, larkspur, or 
sweet pea, are not regu
lar, but have only two 
sides alike. This differ
ence is very often due to 
some special structure of 
the flower in relation to 

A the insects which visit it, 
~·ig. 79. A, Violet, a two-sided 80wer. and if you examine and 

B. Primrose, a circular 80wer. compare the two-sided 
with the circular flowers 

you will generally find that the two-sided flowers are 
the more complicated. Some of them become very 
complicated indeed, like the orchids, which have such 
strange flowers, and in which the relation between the 
insects and the flower has become very special. 

We must leave these more complicated cases .till 
Chapter XXII., and come back to the simple important 
facts about the work which all flowers have to do. They 
must make sure that in some way or other, seeds 
are formed for the plant. If the flower does. not do 
this, then it is not doing the work for which it ,was 
made. 

You will find a number of flowers in gardens which. 
do, not do their work properly,"and very_ often }1ave no. 
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seeds at all, but they are specially-cultivated by gardeners 
to do other things. For the study of the true structures 
of flowers, it is generally better to examine wild flowers 
instead of garden ones, which are often much altered 
by the rather unnatural conditions in which they are 
made to live. 



CHAPTER XVI. 

FRUITS AND SEEDS 

WITHIN the flowers · we saw, protected and shut in, 
the carpels or seed-box, within which are the very 
young structures which will become seeds. Now let 
us watch them develop. In such flowers as the sweet 
pea, for example, in summer-time, this will not take 
very long. Mark a special flower, and watch it each 
day; you will find the little green pod will gradually 
grow bigger, till it splits away the petals which are 

& 
f~ID i \ 
Fig. So. A, Pea-flower. B, lhe same beginning to fade, with the ripening 

carpel breaking tbrou~h the keel. C, the same carpel Illuch enlarged, the 
petals and stamens qmte faded. 

beginning to wither, and pushes out between them. 
As the pod gets larger you can see the seeds within 
growing too, if you look at the pod carefully against the 
light. The stigma does not grow any further, as its 
work was fini shed when it had caught the pollen grains. 
After a time the petals and stamens drop right away, 
and only the calyx remains i it does not grow very 
much, but it keeps fresh and green for some time, as it 
has still to act as a cup to hold the pod. It only takes .. 
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a few days for these things to happen, then till the pea 
pod is quite ripe may take a week or two more. The 
pod continues to grow and turns yellowish brown and 
dry, then one day when the sun is warm you may see and 
hear it split 
open sud- __ ~ 
denly down ~t'f-00P 
its cen tral ... 
ridge, and ' 
shoot out the brown, dry seeds. Then 
the work of the flower is quite over, 
and the seeds have started to make 
their own way in the world. 

Let us pick a nearly ripe pea-pod 
and examine it j it is the ripe carpel, 
with several ripe seeds in it, and to
gether they form what is called a jruil. 
In the case of the pod the " fruit " it
self is a dry pea-pod husk, but in other 

'3 

Fig. 81. A, r ipe car
peJ of pea or II pea 
pod." B, pod sud
denly split and twist
ed up, scattering the 
seeds. 

plants the fruits may be very different. Examine a 
marrow, for example. Watch it in the course of its 
growth, if possible, ami you wiii find thO!-t the marrow 
flower is one of those with its seed-box below and out
side the calyx and petals. As the marrow-ripens this 
swells with the food stored in it, and the many growing 
seeds, till the flowers are only small shrivelled structures 
at one end. If you then cut the ripe, or nearly ripe, 
marrow fruit across, you will find that its wall is very 
thick and fleshy, and that the many seeds are buried in 
a soft pulp. The melon shows us just the same thing. 
Such fruits seldom split suddenly to shoot out their 
seeds (though some foreign ones do); they depend 
more' on animals which may eat them and so scatter the 
seeds about. • 

In all cases it is better for the plant to have the seeds 
scattered so that they do not sprout too near together, 
but have room enough to grow without crowding each 
other out. 
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In the pea and marrow there are many seeds, but 
there are large numbers of fruits in which we find only 
one. For example, in plums, cherries, and peaches we 
have a fleshy outer fruit-case with a stony lining cover
ing over one large seed. Such fruits do not open, for 

there is only one seed within, and so the 

Fig.S2. Cberry 
fru it cut open, 
showingthc flesh 
(/), stone (s), and 
seed S. 

fruit is scattered whole. These fruits 
nearly always get scattered by animals, 
for the flesh is very sweet and attractive 
to eat, and then, as a rule, they get rid of 
the stone (which contains the seed) at 
some distance from the parent. 

Sometimes we find a number of fruits 
just like the cherry clustered together, 
only instead of each of them being large, 
they are all very small, so that the whole 

cluster of fruits may be the size of a single cherry. 
This is the case in the common blackberry and the 
raspberry, where each 'of the little fruitlets really corre
sponds to a cherry. 

Then there are many fruits which belong to quite 
a different class, and arrange to 
scatter themselves by the help 
of the wind, such as the fruits 
of the dandelion, thistle, and 
many others, which have light 
i' parachutes," and therefore 
blow away with the least puff of 
wind when they are ripe and 
dry (see fig. 83). 

Other fruits like the sycamore 
have big side-wings which catch 
the wind as they fall, and get 

Fig. 83. A, head of Dandclion 
(ruits, with most of them scat~ 
teredo B, singJe Dandelion 
fruit. 

twirled for some distance. In these cases each of "the 
separate parts which flies is really a fruit, only in the 
case of the dandelion, thistle, and many others, each of 
these fruits contains only one seed, and the fruit itself 
is so small and dry that we get into the way of speaking 
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of the whole fruit as a "seed." This is not correct, 
however, because even though there is only one seed 

~·ig. 84 Fruit 
.,! tbe Willow 
nerb. opening 
tlnd allowing 
the Hying seeds 
to escape. 

present, yet it is surrounded by the dry 
remains of the ripe carpel, and is therefore 
a fruit. 

Simple seeds which have wings are rather 
rare, but we find them 'on pine seeds (see 
fig. 125), and the seeds of the willow herb 
are covered with a number of silky hairs, 
which make them so light that they fly in 
the wind. If you watch a spray of willow 
herb ripening, you will find that the old 
carpels, or fruits, split up into four parts 
and let out a number of fluffy white seeds. 
These are true flying seeds (see fig. 84). 

Other seeds get scattered by the wind 
although they do not fly. For example, in 
the poppy the fruit is the hardened ripe 
carpels which have become quite dry, and 
together look like a little round box, within 
which there are many tiny dry seeds. 

When the box or capsule is quite ripe 
openings come in it, just below the 
projecting top, and then, when the 
weather is dry and they are open, a 
strong wind may bend the stalk of the 
fruit and shake the capsule strongly. 
The seeds come scattering out like 
pepper from a pepper-pot, and may 
get carried some distance from their 
parent plant (see Plate II. and fig. 
BS)· ca:;~:'S~:"~n~o~g~ 

Some fruits are covered with spines little pores at the top 

md hooks, which catch on to the :~dc~w'~~~~~~P~~ 
wool of animals, and so get carried is .haken. 
quite a distance before they are -
dropped. This gives the seedlings a good chance- of 
'eaching a new spot where they can grow away from 
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the parent, and so not be too crowded. Well-known 
fruits of this kind are the burs, which stick tightly to 
one another with their dozens of little 
hooks, the" bur " being really a cluster 

of many fruits together. 
Simple-fruits of the same 
kind are the bid ens, each 
with its two long spines, 

a.. 

and the small fruits of Fig. 87. Simple 

Fig.86. ABur. the goose grass, which t:::::~gr<:;s ~\thtft~ 
~fh~~~~~~i~=~ are covered \vith the finest hookSj (b) the Bidens 

hooks. ;j~~~harpoon-Jike 
Quite a special kind of fruit is the 

strawberry, which, as you know, has a thick fleshy pulp 
covered with a number of small, yellow" seeds." In 
reality, each of these" seeds" is a whole fruit, and the 

Fig. 88. Strawberry. 
Each of the liUle " seeds" 
is a whole fruit, and the 
II flesh" the swollen re

thick flesh which we eat is the 
swollen end of the flower stalk which 
we call the" receptacle." Therefore 
a strawberry really consists of a large 
number of fruits and a piece of stalk 
which is altered to form the fleshy, 
attractive mass which induces birds 
and people to eat the whole, and so 
scatter the little dry fruits . 

There are very many other kinds 
of fruits which all have special de" 
vices to make sure that their seeds 
are scattered, and all proper fruits 
have seeds in them. But, just as we ceptacle. 

_ found that some garden flowers are 
grown only for their beauty, and do not set any seed, 
so we find that some fruits are grown specially without 
any seeds, such as bananas and some oranges. Such 
fruits are the result of our liking to eat the soft, sweet 
pulp without the trouble of the seeds, but such fruits 
are of no use to the plant. 

Now let us look at the structure of the ripe seeds 
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themselves, and see how they are fitted to go out alone 

Fig. 89. ~ outside of Bean i (IJ) black 
scar showing where the bean was attached 
to the pod j (r) rid~e made by young root; 
B, bean split open; (n) nurse leaves; (P) 
embryo; (a) scar where the embryo was :fa:.rated from the 111Jl'Se leaf on tb~t .. 

into the world prepared 
to make a new plant. 
Seeds are all very much 
alike in the important 
points of their struc
ture, although they vary 
much in the shape, size, 
and colour of their 
parts. We already 
know what beans are 
like from our careful 
study of them at the 
beginning of our work 
(see Chapter II!.). and 
beans show us particu

larly well all the important parts of a true seed, so that 
we may take them as be-
ing typical of one large 
family of flowering plants. 
The maize embryo (see 
p. 10) is typicalof the rest 
of the flowering plants. 
In the ripe seeds of both of 
these gruups lyou should 
examine them again if 
you have forgotten any 
of the facts) we find that 
the important tiling is tlte 
baby plant, which is sup
plied with food and pro

@,? i --+ 
e_~ . 

A. . B 
... ~'" 

Fig. 90. A, outside of 
Maize,showingtheembryo 
(e) on one side; B , sprout
ing. showing the root (t1 
and shoot (s); C, the same 
further grown. 

c 

tected by two seed coats, till it is time for it to grow out 
and form a new .oIant like its parent. 



CHAPTER XVII. 

THE TISSUES BUILDING UP THE PLANT BODY 

I);" our study of plants up to the present, we have only 
looked at their structures from the outside. We have 
examined the form, uses, and life of the parts of their 
bodies without looking for the details which might 
answer the question-" How are they built up?" Just 
as a house as a whole has a definite form, with rooms, 
and doors, and windows, each with their definite form 
and use, and at the same time everyone of these things 
is built up of small separate bricks, tiles, pipes, and 
pieces of wood: so we find that the whole plant is com
posed of a number of definite parts, which are them
selves built up of tiny individual parts, which we may 
take to correspond with the bricks of a house. Of 
course, they do not do this completely, for a plant is 
a living thing, and is far more complicated than a house, 

Fig. 91. Two cells from plant tissue. 
(c) Living contents j (n) cell nucleus i 
(v) .paces filled with up; ( .. ) wall of 
cell (much magnified). 

and each of the tiny indi
vidual parts is also a living, 
growing thing. These little 
building structures are call
ed cells both in plants and 
animals, and they are so 
very small that you cannot 
study them fully without 
a microscope, and that is 
a very complicated and ex
pensive thing, so we will 
leave it alone and only 

study what we can se~ of the structure of plants without 
it. Try, however, just to see a few cells under the 



CH~P. XVII. THE TISSUES 93 

microscope, so as to know what they are like. A tYPical 
cell has a wall, within which is the actual living sub
stallce, a clear, jelly-like mass, which contains many 
granules of food and stored material. Within this living 
s.u?stance is a mor~ solid mass of still more actively 
hvmg substance, which IS called the nucleus. Cells like 
these, or cells which were like these when they were 
young, and which have become modified for special 
work, build up the whole plant body (see fig. 91). 

You can get a good hand magnifying-glass for several 
shillings, and with this and a very sharp knife , you can 

Fig. 92. Piece of 
tbin sect ion across 
Water-lily s te m, 
showing mesh-work 
tissue seen with a 
magnifying glass. 

find out something of the structure of 
the insides of plants, even though most 
of the cells are so small as to be out of 
sight except when looked at through a 
microscope. 

Let us first cut as thin a slice as pos
sible across a water-lily stem, and put 
it on a small piece of glass and hold it 
up to the light. Examine it with the 
magnifying glass, and you will see that 
it is not a solid mass of tissue, but that 
it is built up of a fine network like lace, 
with quite large spaces between the 
threads (see_fig. 92). These spaces are 
air spaces, and the fine lace-work threads 
are meshes built up of single rows of 

cells, which you may be able to see if your , glass is a 
good one. Cells may be packed loosely li~e this, or 
they may be in more compact form somethmg like a 
honeycomb, as you may see in the pith of an elder twig 
and mimy other stems. You can crush these soft cells 
between your fin~ers, and we cannot imagine that they 
could build up the hard, firm branches of trees. 

Now examine the stem of a seedling sunflower, by 
cutting a very thin slice across it; you will see in it a 
ring of strands where the cells are smaller than those 
of -the .soft tissue and also mnch more closely packed 
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(see fig. 93). Then cut a thin slice longways down the 
sle::m, and you will see that these more solid strands are 
the cut ends of long strings of such 

0'. 
(

• 0 

• • 
~.O."" 

Fig. 93. Piece ot 
the slern or a seedling 
SunAower cut acrO$8, 
showing strands of 
"watu-pipe to cdls. 

tissue which run through 
the stem. The cells which 
build up these strings are 
not quite ordinary cells, 
but are exceptionally long, 
like water-pipes, and they 
have thick e ned walls. 
These cells do the carry
ing of water and liquid 
food up and down the 
plant (see fig. 94)' 

You can see that the 
water travels up these cells if you cut 

Fig.1J'4. Piece 
of stem cut a
cross and then 
split lengthway!\ 
s howing the 
stnandaorthicket 
j' water-pipe
cells. 

across a stem near the root and place it in a little red 
ink. After a few hours if you cut a section several 
inches from the bottom of the stem you will find that 
these strands are coloured red by the ink which has 
passed through them, while the rest of the stem is very 
little coloured. or quite colourless. This sbows us that 
Ihese strands are the special water-pipes of the plant. 

Large numbers of such cells 
closely packed together, and 
with some other hard cells be
tween them, make up thc wood 
in woody stems. Cut across 
a small twig of lime or oak 
and examine it with your lens. 
Outside is the brown bark, then 
within that some green cells 
and a little soft tissue, while 

.[;:~~~~i~;f,~!e;'~~rd~~ most of the stem is made up 
with • magnifying gl.... of a mass of hard wood cells, 

among which you can see some 
of the larger water vessels distinct from the rest. All 
this hard tissue really corresponds to the joined up 
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separate strands which we saw in the sunflower stem 
(set fig. 95). Trees like the lime and oak, which live for 
a long time, grow for a certain amount every year, and 
each year they add a ring of wood to their stems. In 
old stems you can see clearly the rings of wood which 
have been formed by each year's growth. This is an
other way of telilOg the age of the stem, and you should 
compare your results from this method with those you 
got from counting up the bud scars (see p. 75). 

Leaves, as you know, require much water, which 
comes to them up the stem through the" water-pipes." 
You saw already the course of the water-pipes in leaves, 
for they are the "veins" which we found sometimes 
make a complete network, and sometimes run parallel 
in the tissue of the leaf. If you put a leaf stalk in red 
ink, you will see that the veins are connected with the 
water-pipe strands in the stalk, for they will both get 
coloured by the ink as it passes along them. 

Just as in animals the whole body is covered over 
with a skin, so in plants we find a special outside sheet 
of cells, which protect the inner tissues and form a thin 
ski n. You can get this off very well if you break across 
an iris leaf, and pull along the thin, colourless layer on 
the outside. If you examine it with your lens, you may 
perhaps see something of the mosaic-like pattern of the 
cells which build it up. You should certainly see that 
it is colourless, although the tissue of the leaf beneath 
it is quite green. 

On the large branches of trees and the bigger plants, 
we do not find this delicate protecting layer, but instead 
there is a thick brown cork. When the cork layer gets 
very thick it splits irregularly as the tree grows too big 
for it, and so forms a rugged bark. The cork layers 
have much the same duty as the fine skin, only they are 
thicker and stronger, and more suited to hold out 
through the winter. You know already from daily life 
tbe practical use of cork, [or you put it into bottles to 
keep the liquid in the bottle and the damp and dust 
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in the air from entering. Just what the cork does for 
the bottle, the sheets of cork wrapping round the 
branches do for the plant. They prevent it from being 
dried up by cold winds, and they keep out the heavy 
rains of winter wbich would injure it. Roots have a 
cork coating also when they get old. As you may 
remember, it is only the tip of the root which can absorb 
water for the plant, so that in the young part of the root 
a cork layer would be very much out of place, and you 
will never find it there. You will find instead the little 
delicate root-hairs, which absorb water and pass it on to 
the older parts j these old parts do 00 more absorbing 
they are only the water carriers and food storers, and so 
have no hairs and are protected by a layer of cork. 

As we found before, plants brea.the in air like animals, 

FiJ!.Q6. Piece 
of Elder twig, 
sh o wing the 
breathing pores 
in the bark. 

and you may ask how they can do this 
when they are covered with their thick air
tight layers of cork. Examine a fairly old 
elder twig, and you will see all over its 
brown skin numbers of darker brown spots. 
If you look at these with your magnifying 
glass, you will see that they are quite 
spongy and soft. They are the special 
entrances for air, and are the breathing 
spots or Imiicels (see fig. 96). They are to 
be found in all corky stems, although they 
are not always so easy to see as in the 
elder. 

On the leaves and stems of many plants 
you will find a large number of hairs. In some cases 
there are so many as to make the whole plant quite 
woolly, like the mouse-ear leaves. These hairs are pro
tective, and keep the leaf warm and dry, and in some 
cases may shelter it from the sun. Hairs may consist 
of one cell, or several in a row, or of cells which are 
bl'anched in a complicated way. Certain hair-cells 
protect the plant by stinging, as you ~n see u. you 
watch a nettle-leaf with your magnifying-glass, and then 
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rub your finger along it, only touching the hairs. You 
will find that it is they which sting you, and not the 
leaf itself. . 

Now we have found several kinds of tissues in plants, 
the skin and cork covering allover and protecting the 
rest j the central vessels or waiet-pipes, corresponding to 
the veins and arteries of animals, the soft white ground 
tissue, which in some stems may be very loosely packed, 
and the soft green tissue in the leaves and young stems, 
which we found was the food-manufacturing part of the 
plant. There are also strands of simple strengthCllillg 
tissue, both by the w~ter-pipes and in separate bundles 
in the soft tissue j these we may take as representing 
the bones of animals. 

We have noticed (Chapter VIIL) that plants are 
5ensitive to light and bend towards' it, that they feel 
heat and cold, and that the stem and root seem to know 
when they are growing in the right or wrong positions, 
and bend accordingly. We . know that we ourselves 
and the animals recognize slJch things by the help of 
nerves which carry messages to the brain. But where 
is the brain in plants, and the nerves? No true nerves 
have been found in plants, and it seems as though 
different parts of the plant were specially sensitive 
without there being any" brains." So that we cannot 
speak of a central nervous system in even the highest 
plants as we can in the animals. In this respect they 
are built on quite a different plan from animals. 

(0") B 



PART III. 
SPECIALISATION IN PLANTS 

CH APTER XVIII. 

FOR PROTECTION AGAINST LOSS OF WATER 

IF you go along the lanes and in the gardens in the 
height of summer when it is hot and dry and the sun 
beats on the plants all day, you may see them beginning 
to wither for want of water. The roots are not able to 
find enough moisture in the soil to supply the leaves, 
which, being in the hot air, continue to transpire away 
the water resources of the plant, so that in the end each 
of its cells must suffer and the whole become limp and 
droop. This happens because the ordinary green planb 
of our country make no special preparation for such 
dry weather. Our hot season is short, and even in the 
summer we have frequent showers which keep the soil 

moist enough to provide the 
plants with water from day to 
day, so that they have not 
become accustomed to long 
periods when there is no pros
pect of rain. 

Compare one of our usual 
green plants, a sunflower, for 
example, with such a thing as 
a cactus, which you may get 
growing in a pot of dry sand. 

Fig. <fl. A Ca~lUs, with needle- The cactus is able to withstand 
::~P:,:.for leaves, and a thick the hottest sun for days, though 

it gets yery little water, and 
sometimes apparently none at all; yet it does not wither, 
but grows, and may bear the most lovely flowers. From .. 
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travellers we learn how the huge cactus plants grow in 
dry and stony deserts, standing every day in the blazing 
sun. Such is, of course, their home, and they are used to 
it; but how is it that they are able to flourish under 
::onditions which would kill one of our own green 
plants? 

Let us look at their structure and see in what they 
differ from a usual plant. First, they have no green 
leaves, for these have developed into spines (see p. 62), 
while the sunflower has many large ordinary leaves. 

You will remember that the surface of leaves is con
tinually giving off water from its many pores. When a 
plant has a number of big leaves this transpiring area is 
large, while when it has no leaves at all, but a thick, 
green stem instead, then the amount of surface from 
which water vapour is being given off is very much 
reduced, even though there may be about an equal 
quantity of actual tissue in the two plants. You can 
see that this is the case if you take a ball or thick block 
of dough and roughly measure its surface, then roll it 
out till it is fairly thin and measure it again; you will 
see that the thinner you roll it the more surface there 
is; all the time, of course, the amount of actual dough 
remains the same. So that of two plants of the same 
bulk, the one with broad, thin leaves will expose the 
most surface to the air, and so lose more water than one 
with very thick leaves or none at all. The latter would 
therefore be better fitted to live under dry conditions. 

But, you may say, leaves have a definite work to do; 
how can the plant live without them? In the cactus 
the thick stem is green and does the work of food 
building; naturally it cannot do so much for the plant 
as many big leaves could, but it does enough to allow it 
to live and grow slowly and surely for many years, 
though it canDot grow in each year nearly at the same 
rate as can the sunflower. If you cut through the stem 
of a cactus you will find that its skin is very thick and 
to..!1..i!h. a i . c oat rot@s h ~ ~aiDst t e 
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fierceness of the sun far more completely than the thin 
skin of a sunflower does. At the same time, the tissues 
of the two stems are different; the sunflower is hollow 
and delicate, but the cactus is very thick and juicy, and 
each cell contains much gummy stuff which has the 
power of holding water strongly. So that we see in 
many important points the structure of a cactus is 
different from that of a usual green plant, and is 
specially suited to the dry conditions of the desert. 

Many desert plants are built on the plan of the cactus, 
but there are also others which are not at all like them, 
and yet they are able to live in deserts and very dry 
places. If you examine them, however, you will find 
that they all have some special way of protecting them
selves from being dried up. Some of them have hard, 
dry, woody stems, well protected by corky layers, and 
they only put out green leaves in the rainy season, and 
lose them directly the hottest weather begins. Others, 
which grow from seed every year, learn to sprout, flower, 
and fruit very quickly while there is some moisture, and 
they form well-protected seeds, which wait till next 
rainy season. One very curious desert plant has only 
two leaves, which last it the whole of its life, and which 
are very hard and leathery. There are endless varieties 
of things which the plants may do to protect themselves 
from being dried up, and we can only look at a few 
special examples. 

To find plants growing in desert places we do not 
not need to go out of England, because from the point 
of view of the plant, one which is growing on a dry rock 
or on a patch of bare dry sand, is really growing in a 
little desert. For it the supply of water is the chief·", 
problem, even though we never get hot tropical sunshine 
in England: Look, for example, at the plants growing 
on the sand dunes which are very like deserts in appear
ance, and the plants on dry walls, or on the .. screes " of 
broken rock at a hill foot; they are all growing in deserts. 

In many cases plants growing in such positions have 
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small thick leaves, nearly round, or shaped like sausages, 
so that they have much water-storing 

) ' 

.', 

tissue in proportion to a small transpir
ing surface. This is the case in the 
stone-crop (see fig. 98) and the house
leek, where each separate leaf has fol
lowed the same principle as the cactus 
stem, and exposes relatively little sur
face to the air. Such 

F.gC)8. ThickO.shy plants frequently 
le.v.,. 01 Slone-aop. have very long roots, 

which penetrate 
deeply between the cracks of the rocks 
and find hidden sources of water. 

Other plants, instead of having 
leaves of this type, have exceedingly 
small leaves which may soon drop 
off, while the stem is ~reen and does 
some of the food bUllding. Small 
leaves are assisted by the green stem 
in gorse (fig. 99), which often lives in 
very ory places, though it can grow ~·ig. 99. Gorse, wilh 

equall) well under usual conditions. fh:e;o~ie~1 ie~::;'~.doe. 
Many plants roll up their leaves 

!\~~l 
If 

when it is dry, so that the 
surface with the transpiring 

~ pores is on the inside, and 
protected by the outer side 
with its hard skin (see fig. 
100). In damp weather 
these leaves unroll, and do 
all the work they can. Leaves 
like this are to be seen in 

Fij!. lOO. Leaf of lb. Sand-gDss. many of the grasses, par
A,cti~~a.::."ck ~;:e. (oj and (bl, ticularly those growing on 

sand dunes and moorland; 
bile a number of the heaths and heather do the same 

hing to protect their transpiring surfaces, 
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You will filld that in nature, waler is aile of the most 
important things in the surroundings of plants, and in 
their struggles to get it and keep it they have changed 
their forms in many ways, and in some cases have 
become extraordinary-looking creatures as a result 



CHAPTER XIX. 

SPECIALtSATION FOR CLIMBING 

IF you go into a wood, or even a thicket, in summer, 
you can see how the leaves of the big trees make, what 
is for us, a delightful shade. But look at the grour!d 
under these tall trees, at a place where they are growing 
thickly together, and you will find that there are very 
few plants below them, and that the earth is almost bare 
except for dead leaves, twigs, and a few mosses. In 
deep pine-woods there are great patches without even 
the mosses, where are only dead pine-needles and some 
toadstools. You can well understand, when you re
member how very important light is for the plants, that 
it is too dark for them to grow under the heavy shadow 
of thick trees. Even in gardens you may see how the 
tall, quickly growing plants kill off the smaller ones 
beneath them. 

When many plants are growing together, it is-easy to 
see that the taller ones get most light, but if a plant 
grows very tall it requires a strong stem to hold it up
right, and that means the building of a large amount of 
wood which takes a quantity of material, so that the 
growth must be slow and costly. 

Some plan ts, however, have learned to grow up into 
the light without building a firm stern for themselves, 
because they use instead the support of other pJants, 
and especially of trees_ You must often have notict:d 
in a wood great sprays of honeysuckle sprawling high 
up over the trees j sometimes one of the festoons of 
honeysuckle may lie over t~~ branches of several trees, 
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and so get into the best positions for the light. The 
Travellers' Joy, or white clematis, grows all over the tall 
hedges, and may sometimes completely smother a young 
tree, so that one can see notlung but the leaves and 
light green and white flowers of the clematis. Then, 
too, there is the ivy, which you know may sometimes 
grow up trees to a very great height, covering over the 
leaves so that the whole looks like a giant ivy bush. 
These plants all get their support from trees, which 
have built themselves strong stems. Pull down a big 
branch of honeysuckle or Travellers' Joy from the sup
porting tree-trunks, and you will see that it cannot 
remain upright but falls limply to the ground. It is 
true that these plants have some wood in their stems
sometimes clematis and ivy may have woody stems 
several inches thick, but they are never strong enough 
to support the weight of the crown of leaves and 
branches. By clinging to others in this way these 
plants can economise much building material and reach 
the light far quicker than they could do otherwise. 

If you examine their wood, you will see that it is not 
quite like that of usual plants. Cut through the stem of 
a clematis which is about an inch thick, and even before 
you look at it with a magnifying.glass you will see 
how very loosely built the wood is, with wide rays of 
soft tissue and very large water vessels. It is not built 
for strength and support, but merely to carry supplies 
of water up to the leaves, for although these plants use 
trees as supports, they do not get anything more from 
them, and must supply themselves with all else they 
need. You may often see that the central part of the 
wood is not in the true centre of the stem, but is pushed 
to one side, and the rings of the year's growth are very 
irregular, beilig much more to one side than to the 
other. This is because they lean against. the supporting 
branches, and so must grow chiefly on the side away 
from them. Sometimes as the ivy grows right round 

f the support, it will grow more, first on one and then on 
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the opposite sid(" of its stem, and so the centre does not 
remain in one phce, but shifts round. 

Fig. 101 . Adven~ 
titious roots growing 
out from the stem of 
Ivy between the leaf 
stalks. 

The other parts of these woody climb
ing plants are but little out of the com
mon. Theyhave merely learnt to econo
mise theirownstem-material,and at the 
same time to reach a good position in 
the light, so that it is in their stems that 
we find their chief differences from usual 
plants. The honeysuckle and clematis 
have no special climbing organs, but the 
I vy has clusters of adventitious roots 
which come out from the back of its 
stem, and hold it on to the support (see 
p. 56 and fig. 101). 

In climbing plants in 
which the above-ground 

parts live only for one year and then die 
down, we do not get a woody stem. 
Such soft green p1ants as the hop and 
convolvulus, for example, are entirely 
dependent on others for their support. 
They have specially sensitive tips to 
their stems, which feel the support and 
definitely twine round it in a close spiral, 
which clings ever closer to the support 
as they grow (see fig. 102). 

Climbers of this kind have only modi
fied their stems; the rest of their parts 
are not in any way specially alfered by 
this habit. 

Some plants which sprawl about on 
others hold themselves up by the power Fig.len. Soft tw, .... 
of clinging and twining in their leaf- ~f.!.m of Convol
stalks, for example, in the nasturtium 
we find that the plant is held up entirely by the leaf 
stalks, which catch all to anything in their way (see 
fig. 103). 
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Very many plants which depend on others for support 
modify their leaves, or parts of 

Fig. 103. Nasturtium stem held 
up by the support given by the leaf
stalks, which clingaround anysuit· 
able prop. 

and higher. You can seE: 
the fate of a pea-plant 
which does not find 
supports, by growing 
one in a big pot all by 
itself. It will grow up
right at first, but it will 
soon have to creep along 
the earth and fall over 
the edge of the pot, for 
its stem is not strong 
enough to support its 
own weight. 

In vines and marrows 

leaves, to form sensitive ten
drils which twine quickly 
round any prop they can find, 
and thus hold u.p th e stem (see 
fig. 104). The young tip of the 
stem continues to grow up
wards, the next young leaves 
unfold their soft green tendrils 
which twist rOllnd a sllpport 
directly they feel it, and so the 
plant goes on growing higher 

we also get tendrils, but Flg.l04- Sensitive tendrits al the Pea. (~ 
they are not modified tendrilatendotloli'ge leaf,(o)ordinarylcaOel' 

leaves, but special branches which have become senSI
tive. 
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In some plants the sensitive tendrils do not twine, 
but instead form little sticky suction pads at their tips 

Fig. 105. Ampeiopsis, which 
supports itself by the litUe suction 
pads developed at the ends of the 
tendrils. 

whenever they come in con
tact with the support, and 
these hold the tendril very 
firmly on, as you can see in 
the am pel apsis, which grows 
right up the walls of houses. 
If you look under the thick 
covering of leaves, you will 
find these tiny padded tendrils 
clinging tightly to the wall (see 
fig. 105). This is the reason 
that the ampelopsis grows so 
well up the walls without being 
held up artificially. 

There are many other things 
you may find out about climb
ing plants, but you will have 
seen enough to be able to 

look for more for yourself, and to understand how it is 
that the climbing plants can reach such a great height 
so quickly. They have learnt to avoid the trouble and 
expense of building strong supporting stems for themselves, 
and by getting their support from others, they are able to 
grow quickly out into the good positiolls fur the liglzt which 
they could not otherwise have reached. 



CHAPTER Xx. 

PARASITES 

WE call a plant or animal a Pamsile when it does llO 

food-building for itself, but adapts its whole structure 
to obtain and use the food made by the work of other 
plants or animals. Plant parasites generally attach 
themselves to a " Host" plant so closely that they suck 
their food from it, and sometimes remain with it till 
they have finally killed it, and so have destroyed their 
only source of food and means of life. 

Among plants, most of these degenerate creatures 
belong to the group of FUlIgi. The rust and smut on 
wheat, the mildew on fruit, and nearly all the thousand 
spots, blemishes, and diseases of cultivated and other 
plants, are the result of the parasitism of some members 
of the family of fun gi. Plants which prey like this on 
others are without very many of the characteristics of 
true plants j they become colourless, losing their green 
substance, and with it all power of building food for 
themselves, so that they are quite dependent on the 
host plant, without which they must ultimately die. 

Fungus parasites, of which there are many thousands, 
have become so specialized that they are quite a study 
in themselves, and we will leave them for the present 
and "follow the history of a few of the higher plants which 
have taken to this mode of life 

One of the most completely parasitic of the flowering 
plants is the dodder, which you may often find growing 
on clover. In fields of clover sometimes there are 
colonies of dodder, which live together and kill the 
clover m great patches so that it almost looks as though 

' .. 
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it had been burnt. Dodder grows on other plants, such as 
gorse, as well as clover, and even 
on nettles. If you find a plant 
of dodder you will see that it 
seems to consist of nothing 
but fine, white or pinkish 
threads, twisted round and 
round the clover stems and 
hanging in festoons over them. 
Pull off these fine threads 
carefully, and you will find 
that at intervals along them 
there are little sucker-like pads 
which hold the dodder quite 
firmly on to the plant on which 
it is growing. If you cut 
through the middle of one of 
these pads and the clover-stem 
while they are still attached, 
and look at the cut with your 
magnifying-glass, you will see 
how the tissue of the dodder 

jn;i~~~~CIO~~de(a~I~~:trr~~f 
Dodder Bowers. 

pad enters right into the 
tissue of the clover stem 
(see fig. 107). These pads act 

Fig. ICl'f. Section, A, aaoss the 
Clover stem, with the Dodder D at· 
tached. S, suckers of the Dodder, 
entering tho Clover. 

as suckers for the dodder and 
draw from the clover all the 
ready - formed nourishment 
that the dodder requires, so 
that it has no work to do in 
food building. It has no roots 

because it needs none; the suckers act as roots in 
getting all thewater and also the manufactured food _ 



CHAP. :XX. PARASITES If! 

the plant uses; for the. same reason it requires neither 
leaves nor green chlorophyll, and its body is only a 
colourless or pinkish mass of thread-like stems and 
sqcker pads. 

There is one thing, however, that the clover plant 
cannot do for the dodder. and 
that is, make its seeds. When 
the clover builds seeds, then 
they are clover seeds and will 
grow up as new clover plants. 
The dodder must build its own 
seeds if dodder plants are to 
grow from them. That is why 
we find growing out fmm the 
simple reduced thread of a 
stem, relatively large tufts of 
flowers (see fig. 106), which 
are very little different from 
usual flowers and which form 
seeds. The dodder belongs 
to the same family as the con-
volvulus, and though its flow
ers are small, if you examine 
them with a magnifying-glass 
you will see that they are very 

:::. much the same in structure as 
those of the convolvulus. 

When the young dodder 
plant grows out from the seed, 
it is a simple little thread with 

Ia:~~ ~~;t. ;:'~~~f.li~~~~\';" s~~ no leaves. and it keep!? on 
• twig of apple A, split open. growing at the tip, which it 

moves round till it feels some 
suitable host then it quickly fastens on to it and lives 
on its food. 

This is the genera] history of all kinds of parasites, for 
when any living thing ceases to use its structures and 
becomes a complete parasite it loses nearly all its parts, 
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as there is no longer any need for them. So that 
parasites tend to sink to a lower level of development 
simply as a result of their way of living. 

A plant which is largely a parasite, but yet does a little 
work for itself, is the mistletoe (see fig. 108). Its leaves 
are greenish, ' but not the true healthy gretn of a hard
working plant. If you can find a bough of mistletoe 
growing on an oak or apple tree, you will see that it has 
no root in the earth, but grows out of the bough of the 
host tree. It has sucker-like roots at the base of its 
stem, which go right into the stem-tissues of the host 
and get much nourishment from them. 

In the winter, when 
the flow of food is 
very slow in the 
host, it is likely 
that the mistletoe 
does some of its own 
food building in its 
yellow-green leaves, 
which would be ex
posed to the full 
light, as the host's 
leaves would have 
fallen away. The 
mistleto~ has soft, 
white fruits which 
are scattered by 
birds, and as they 
are very sticky, they 
hold for some time 
on to the branch 

, :~~' ~ra>~t ~'(~~f~~trs~\:!'f:;).lo ~f.r~~o~ where they are 
,:oot on the other side of the parasite. dropped, and there 

the seedling sprouts 
and fastens itself on to the tissues of the host, growing 
every year with its growth. . 

Quite a number of plants which .groVit. in the groUnd 
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attach themselves with suckers to the roots of other 
plants, from which they get all their ready-made food. 
Plants which do this are generally colourless or brownish 
yellow, like the broomrape, which has only whitish 
leaves which cannot do the proper work of leaves (sec 
fig. 109). 

Then there are several plants which are partly parasitic, 
but which you would never guess were anything but 
ordinary plants. For example, the little eyebright with 
its green leaves, which do most of the food-building, 
is yet partly parasitic. If you very carefully get out a 
whole plant with its complete roots (this is rather diffi
cult to do, and you must not pull it hastily, or you will 
break the connections), you will find that there are tiny 
suckers on them which connect them with the roots of 
the plants which are growing near. So that the eye
bright gets some of its food ready-made from the neigh
bouring plants. The meadow cow-wheat does the same 
thing, and so do the lousewort and several others; 
but they are not complete parasites, for they are green 
and do a lot of work for themselves, even though they 
are not quite self-supporting, and tap the supplies of 
other plants to some extent. 

Among flowering plants. parasites are not common. 
We see in plants like the eyebright and cow-wheat, which 
do a little thieving, that the results are not very serious, 
and they are little altered by their habit. In those 
which are entirely parasitic, however, like the dodder, 
the result is the loss of nearly all the organs of the 
plant except the flowers, which have to be kept in order 
to build seeds. 



CHAPTER XXI. 

PLANTS WillCR EAT INSECTS 

As a rule, plants are the sqfferers and are eaten by 
animals, but there are cases known in which this state 
vf things is reversed j the plants catch and devour the 
tinier animals and small insects such as flies. But, you 
may ask, how can they do that, for the insects move so 
quickly, and the plants are fastened by their roots to one 
spot. Jnst as a spider builds a web and then waits 
quietly beside it till the flies are caught, so the plants 
build traps which catch the unwary insects. There are 
not very maniplants growing wild in England which do 
this, but there are one or two that you might be able to 
find. . 

There is the sundew, which grows among bog-moss 
10 wet, swampy places at the edges of lakes, or on the 
wet patches 00 hillsides. It is fairly common in such 

piaces, a little distance from 
big towns, but it does not 
like smoke, so that it will not 
live within a few miles of 
London, Manchester, or any 
big smoky town. It is a 
small plant with round, red
dish-coloured leaves, cover
ed over with little fingers or 

Fig. 110. Plant of Sundew, show- tentacles each with a spark
~~~ta~:s.round Jeavcs covered with 1ing drop of sticky moisture 

at the end, so that even in 
the heat of the day when all the dew is dried up, the 
whole plant looks as thou~h it were spangled with tiny 

". 
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dew-drops. Perhaps it is this cool, sparkling appear
ance which attracts the insects to it, but when once a 

Fig.lIt. Single leaf 
of Sundew, with the 
tentacles closing over 
a fly. 

fly alights on one of the leaves, its fate 
is sealed. The tentacles with their 
sticky tips bend over one by one till 
the fly is quite covered in by them and 
cannot get away. It dies, and is di
gested by the juices given out by the 
leaf, which are very much like the 
digestive juices of animals. 

You can watch the movement of the 
tentacles very well if you drop a minute 
piece of meat or white of egg on to the 
leaf. They will close over it one by 

one till it is quite shut in, and when the egg is all 
digested, they slowly open out again. The time that 
this takes depends a little on the 
health of the plant and the time of 
the year, but generally all the ten-
tacles are bent over in a few minutes. 
The digestion takes longer, of course, 
at least several hours and often more, 
partly depending on the size and 
nature of the piece of food. The sun-
dew leaves contain chlorophyll and do 
some of the usual work of leaves, but 
the plant gets much of its nourish
ment from the insects it catches. 

In the butter
wort there is a dif
ferentarrangement 
for catching its 
prey. You will 
find its little clus
ters of broad, w~~~· ~f~ :i~~~~:o::!~}!~~ed leaves 

spoon - shaped, 
yellowish-green leaves growing in marshy places and 
besi.de streams in hilly districts. In the spring one or 
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two lilac flowers on long stalks come up from the centre 
of the group of leaves. The leav.es of this plant also 
act as insect traps j they are covered with little sticky 
glands, and when an insect settles on them, the edge 
rolls over and shuts it in, keeping it there till the juices 
given out by the glands have digested all that is worth 
digesting, when the leaf unrolls again, and the remains 
of the feast are washed away by the rain. 

There is one more animal eater which you must try 
to see, which grows in the water of slow-running streams 

Fig. II3 . A piece of leaf 
of a Bladderwort showing 
the bladders on the branches. 

and in ponds. It is the bladder
wort, on which we find very many 
tiny bladder -like structures on 
the finely divided leaves under 
the water. The 
bladders are 
built on some
thing of the same 
plan as a lobster 
pot, with bristly 
hairs pointing in
to the entrance, 
across which 
there is a little 
flap, which makes 

~ 
Fig. U4- A single 

bladder of lhe Blad
derwort, much en
larged, showing the 
pointed hairs and the 
flap at the opening. 

it quite easy for the very minute 
animals living in such abundance 
in the water, to swim into the 

bladder opening, but extremely difficult or almost im
possible for them to swim out again (see fig. II4). SO 
there they must finally die, and their nourishing juices 
are absorbed by little compound hairs, many of which 
are developed on the inside of the bladder. 

In the tropical countries there are many kinds of 
"pitcher plants" with wonderful soup-kettle-like pitchers 
which catch insects. You may be able to see these 
plants in a big greenhouse, and should certainly find 
them in every botanical garden. Notice how large the 
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pitchers are, and that they are really modified leaves 
which have become different from the other leaves of 
the plant because of their special work. They gener-

ally contain 
a consider
able quantity 
of water as 
well as the 
flies they 
have caught, 
and are really 
II stock - pots " 
which keep 
the plant 
supplied wit I> 
nouris hin g, 
ready - made 
food in addi
tion to the 
food which 
it builds for 
itself in the 

Fig. lIS. Pitcher leaf or Ne· green leaves. 
~:rt:~.~' which acts 3 5 a fa soup- Tho ugh 

these plants 
have specialised themselves to catch and use animal 
food, still there are not very many plants that do so, and 
the old fairy tales about trees with branches which 
caught men and devoured them, as a sea-anemone 
catches and devours its food, are only fairy tales, because 
no such plants exist. 
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FLOWER STRUCTURES IN RELATION TO INSECTS 

THE relation between flowers and insects is one of 
mutual help and advantage, and therefore is quite 
different from that in the cases where the animals eat 
the plants or vice versa. 

When we examined flowers in general, we found that 
the insects do a very important work in carrying the 
pollen from flower to flower, and that their structures 
are arranged to attract insects and to make it easy for 
them to get covered with the pollen of one flower and 
leave it on the next. If WJ: look at the details in some 
of the flowers, we shall see how elaborate their structures 
may be, and how carefully they are planned to make 
sure that the bee gets the pollen on its body and carries 
it with it to the neighbouring flowers. 

In the simple circular flowers, such as roses, poppies, 
and lilies, .the bee can- enter 
freely from any side that it 
chooses, and it generally .goes 
straight to the centre. Many of 
these simple flowers, therefore, 
have large numbers of stamens 
which stand up in a crown in the 
middle, so that the bee must 

Fig. 116. Circular Bowero! touch and stir some of them as 
~~~~ many stalDens in he dives in the centre for the 

honey. 
In others which are nearly circular, there is a little 

difference between the back and front of the flower, and 
the stamens are so placed that the visiting insect must u, 
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touch them. For example, look into the bell of a fox
glove, where you will find only four stamens, but they 

are bent so that the anthers together 
form a kind of platform in the front of 
the flower, over which the bees must pass 

-as they enter (see fig. 117). Frequently 

Fig. "7. Slightly 
two-sidl!d Bower of 

!~: ~t~~IO~be w~~ 
open 10 show the 
(oll r stamens bend~ 
ing to the front. 

the stamens bend in this way towards 
the front of the flower, and in many 
cases the whole flower becomes quite 
definitely two-sided, with a front and 
back, and a special place for the entrance 
of the bee. 
This is the 
case with the 
violel, pea, 
monkshood, 
and many 
others (see 
fig. lIS). 

When flowers have this 
forni, you frequently find 

that the M:~f;~~;~~~~~1~ Bowera: A, 

number 
of stamens is quite small, seldom 
more than ten, and often less. 

A plant of this kindl very inter
esting to watch is the yellow gorse. 
If you can get up and sit by a 
flowering bush from about half
past five to seven one sunny morn
ing, you will be able to learn a great 
deal about the doings of the bees 
and flowers. 

Fig. 119. Ca) Flower 01 
the Gorse after the insect's 
visit, showing the inner 
pans exposed; .~b) young 
Bower nearly ready to be 
visited. 

First examine a flower so that 
you know how it is arranged. At 
the back lies the big petal, or 

"standard," as in the pea; there are two side wings, 
and in the front the two petals close together formmg 
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the" keel." The two-sidedness of this flower is very 
well marked. Inside the keel you will find ten stamens, 
all joined to form a tube except the back one, which is 
free, and inside them lies the carpel with its curved 
style. When the stamens are ripe they are so fitted 
that they lie inside the keel of the petals in a bent form, 
and when they are pressed from above they fly out 
with a little explosion and scatter the pollen dust about. 
Now watch a bee alighting on the flowers; he presses 
the two front petals with his legs to open them to get 
at the honey, and the stamen explosion covers him all 
over with pollen. Then he goes to the other flowers, 
but perhaps the next one he visits has already exploded 
and the ripe stigma is exposed in the front of the flower, 
and as he settles he touches it with his furry body all 
covered with pollen, and leaves some on it. If you 
watch the bees doing this yourself, you will find out 
'a number of things which I have not told you, while 
you may notice how some of the bees are lazy and enter 
the wrong side of the flower, others are stupid and go 
to flowers which have already been visited several 
times, and therefore are of no use, while other bees 
which come late may open up buds which were not 
ready for them and steal the honey before the ~tamens 

A. ""9. 

TT 
Pig. T20. The two kinds of Primrose Bowers, 

A, with long style and stamens low in the peW 
tube; B, short style, with stamens at the mouth 
of Ibe petal tube. 

are ripe enough to 
smother them with 
pollen. I have watch
ed them opening buds 
which were still so 
tightly closed that it 
took them all their 
strength to get in. 
But we must not stop 
too long with one 
flower, for altnost 

every flower has some special arrangement of its own, 
and all are worth study. 

The primroses and cowslips are interesting, as they 
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ha~e two kinds of flowers. If you gather a bunch of 
pnmroses and look into them you will find that in some 
you can see the little central green ball of the stigma, and 

A c. 
Fig. 121. A, Flowerhead of the Daisy; (b) a single little 

Hower from the side with big petals fused together i (c) a 
single little Aower from the middle with very small petals. 

in others at 
the top of 
the tube are 
the five 
small an
thers. These 
two kinds 
of flowers 
make an ar
ran ge ment 
which en
sures that 
the pollen 

from the one kind of flower reaches the stigma of the 
other. A big fly like the wasp-fly, and several others, 
visit these flowers most frequ ently, and carry the pollen 
from flower A (see fig. I20)to 
the stigma of B, and the pol
len of B to the stigma of A. 

As we noticed before, the 
chief duty of the petals is to 
act as flags to attract the 
visiting insects by their 
bright colours. Now we 
find that some flowers club 
together, and grow cluster
ing closely on one head, so 
that it is sufficient for a few 
of them to have the flag flo~;; :2(~) at;~:g~~h~~~~~ ~r~;olli'~ 
petals which attract the in- 'ide with big petaJ~ 

sect to the grl)up, as it goes 
from one to the other when once it is there. When a few 
of the flowers do this, the rest can economise in petals and 
have quite small ones, and yet all the same they have a 
good chance of insect visits. Such an arrangement as 
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this is found in the daisy (see fig. 121). A single daisy 
is not one flower, but a whole bunch of flowers, in which 
some of the outer flowers of the bunch (see fig. 121 (b)) 
form big petals, while all the inner ones (fig. 121 (c)) 
are quite small and inconspicuous, and by themselves 
would hardly attract any visitors. Just the same thing 
happens in the cornflower, sunflower, and very many 
members of the daisy family. The big outer petals 
attract the insect, and once on the head of flowers it 
walks about over thefIJ, and they all get the benefit. 

In such cases we get a divisioll of labour among the 
(towers oj a head, and this represents what is perhaps the 
highest state of development that flowers have reached. 



PART IV. 
THE FIVE GREAT CLASSES OF PLANTS 

INTRODUCTORY 

IF you go out into the garden, or fields and woods in 
summer, and look around you at the plants, you will 
find that nearly all of them are flowering, or have flower
buds, or have the proof of having had flowers in the 
shape of fruits and seeds. Even af!long the few which 
do not show any of these things, many will probably 
be plants which you know to be the same as others of 
their kind which YOll have seen flowering. 

Generally flowers (such as roses and daisies) are easy to 
see, but in some plants they are less showy, as in the oak, 
for example, where the little green tails or catkins which 
come out early in the spring are the flowers. On the 
whol~, however, if you look carefully, you will have no 
difficulty in seeing proof that nearly all of the conspicu
ous plants of our gardens and woods bear flowers. 

All the same, there are very many other plants, some 
of them quite easy to see, and others very small and in
clined to hide, which do not have flowers at all, and 
which are so different from the flowering plants that 
even before you have studied them, you instinctively 
separate them. The seaweeds or mosses, lor example, 
are at once recognized by anyone as being of a different 
family from roses and lilies. 

When you have studied all the plants carefully, you 
will see how true is this instinctive separation of the 
chief families, and how nature seems to have made five 
principal big families, so that both dentists and quite 
unlearned people see more or less clearly the limits she 
has set to each. .., 



INTRODUCTORY 

The family which is most highly advanced is that of 
the flowering plants, but the others, too, are well worth 
study, and we will now notice some of the points about 
their structure which are characteristic of each of the 
families. 



CHAPTER XXIII. 

FLOWERING PLANTS 

All the plants which have flowers are put into one 
big family, about which you already know a good deal, 
because nearly all the plants we have studied up to the 
present have been plants which have flowers. Let us 
now go systematically over the chief points about their 
structure, so that we may have a clear idea {If their 
characters, and be able to compare other families with 
them. 

I. We find that the plant body is clearly marked oul 
into root, stem, leaves, and flowers . The stem may be 
green ann delicate, or it may be thick and strong like an 
oak tree, and on the stem or its branches we find the 
leaves. 

2. The stem and root have definite strands of" water
pipe" cells. and ·very often the stems have many rings 
of wood, one of which is added every year. 

3. The leaves are very various in the different plants, 
but they are generally thin and big, though they are 
seldom much more compound than those of the sensitive 
plant. 

4. The flowers are easily recognized, as a rule, and 
consist of a number of parts, some of which are often 
brilliantly coloured. The stamens and carpels are 
generally in the same flower. 

S. The seed.s are always enclosed within the carpels, 
and have generally two seed-coats. 

6. Within the seed are always either fwo cotyledons, as 
in the bean, or one cotyledon, as in the grasses. Thus 
when the seedling grows out of the seed it may have 
two first leaves or one only .••• 
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These are the chief characters of the whole big family 
of the flowering plants, but t.his big family is separated 
into two smaller groups according to the nU1Ilber of coty
ledolls in the seed. Those that have two form the group 
of Dicotyledons, those with one the group of M onocoty
ledons. This may not seem a very important point to 
form the ground for separating plants with flowers so 
alike as tulips and roses, but we find that, as well as the 
number of cotyledons, many other differences distinguish 
the two groups when we separate them in this way. 
For example, the Dicotyledons have the veins of their 
leaves so arranged as to form a l1etwork, as in the lime, 
while the Monocotyledons have them parallel, as we 
noticed in the grasses and lilies. 

We also find that it is only in the Dicotyledons that 
the plants have rings of wood in their stems, as is the 
.;ase in the lime, oak, and many others. 

In the numbers of the parts of the flower, we also 
lind differences between the two groups; for example, 
the Dicotyledons have generally two, four or five, or a 
mUltiple of these numbers such as ten, as we see in the 
poppy, primrose, rose, and many others; while the 
AI onocoiyledons have the parts of their-flowers in three 
or multiples of three, as in the lily, tulip, and daffodil. 

These differences between the Monocotylt:dons and 
Dicotyledons, however, are not nearly so important as 
their likenesses, for they agree in the main points (I) to 
(6), and therefore belong equally to the great family of 
the flowering plants, which is the most important family 
now living. 
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THE PINE·TREE FAMILY 

SINCE trees such as the oak, beech, and lime all belong to 
the family of flowering plants, you may be surprised to 
find that the pine-trees are separated from them. Yet 
all the trees like pines, Christmas trees, larches, and 
many others, form a family of their own. You will 
see why this is, if you look at a pine-tree carefully, and 
compare its characters with those we saw in the flower· 
ing family. In the first points the two families are alike. 

• 1. We find that ffle pine-tree body is clearly marked 
out into root, stern, leaves, and cones. 

2. Also that the stem and root have definite strands 
of II water-pipe" cells, and that the stem has rings of 
wood, one of which is added every year. 

3. The leaves vary a little in the different members of 
the family, but the commonest kind of leaf is the fine 
sharp' " needle" leaf of the ordinary pine (see fig. 53). In 
almost all cases the leaves remain on the tree for more 
than a year j H~ey are evergreens (it is only the larch 
among the English-growing members of the pine-tree 
family which has new leaves every year), and the leaves 
are simple and strong, and well protected. . 

4. There are no "flowers," but the two kinds of I;ones 
which take their place are easily recognised. The two 
kinds of cone generally grow on different branches of 
the tree, the sf'nall ones only live a short time and scatter 
the pollen, and the larger ones often remain two or three 
years on the tree, and form the seeds. - The wind scatters 
the pollen j you will remember in the spring-time 
before the leaves aYe out, how the "sulphur rain" . ., 
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sho\\ers down from the pine-trees j this is the yellow 
pollen, which is blown in 
clouds on to the ~eed-bear
ing cones. There are mil
lions of pollen grains scat
tered in this way, a'nd but. 
few of them ever reach a 
cone. You will remember 
that many of the flowering 
plants could afford to make 
small quantities of pollen, as 
they had special carriers in 
the insects to take it {rom 
flower to flower. 

Besides the pollen cones, ' 
you should l1nd two sizes 
of seed-cones on the tree: 
some quite small, and green 
or pink, and some large ones 

.,:;\r-;;J~g ~e~~~.rl!:i~a';,~:i~n~ which are brown and ripe . 
• large ripenillg on.. It will be easier to see their 

structure at first in the big 
ones j they consist of a number of brown scales packed 

neatly one over another. If you pull these apart you will 
see th..t each of them bears two seeds on its upper side. 
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5. The seeds are always seen to be lying ~ 
quite openly on the uppe,' si Ie oj the scales, 
and are not covered in by closed cm-pels as 
they are in the flowering plants. E ach of 
the scales (which bears its two seeds) corre-
sponds in a way to the carpel in a flower, but , 
there is an impOl tant difference in the fact Fig. "s. 
that it leaves the seeds open. In old pine Wi,,~ed seed 

cones there seems to be only on e scale to "f the Pi "c. 

each pair of seeds, but there is re;dly a second smalkr 

F ig. J 26. Sta,ges in fhe growth of P ine seed
ling s; (G) cotyledons. 

(af(J(1) 

one outside 
it-which is 
some t imes 
quite diffi
cult · to see. 
It shows 
better in the 
larch,where 

the outside one is 
much the b igger of 
the two in the young 
cones, and gradually 
gets left beh ind , a, 
the inner scale grows 
very fast (see fig. 124). 
Notice, too, how the 
ripe seeds have one
sided wings, which 
split off from the 
inner scale, as you 
can see if the cone 
is not too ripe. This 
wing is 011 the seed 
itself, not on a fruit , 
as is often the case 

- among the flower
in g plants. Thewing 
helps the seed to fly , 

K 
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and in the late autumn (in many cases two years after it 
began to grow, for some pines grow very slowly) it is 
scattered with its brothers. If you are ever near pine 
trees when there has been snow, you may see it sprinkled 
with these winged brown seeds. 

6. You may never have seen a baby pine tree. If 
not, you must get some seeds and grow them. They 
grow very slowlv at first, and may take six weeks to 
;; how above ground even in summer; but they are well 
worth waiting for. Notice how they come up (see fig. 
126), and that at the beginning of their growth, as they 
come out from the seed, they have seven or even as 
many as twelve first leaves, alld these leaves are really 
the cotyledons, as you may see by cutting a seed across. 
So that instead of the one or two cotyledons of the 
flowering family, we find in the pine family that there are 
/ltan'! co/v/edons, and that their llUmbCl" may vary from 
jive to tell or more. 

If you go back over these points, you will see that we 
have found a large number of differences between the 
flowering plants and the pines. Of these , the most im
portant are the points (5) and (6), which alone would be 
enough to make us place the pines and flowering plants 
in separate families, though point (4) is also very im
portant. We find, however, that the pines are more like 
the flowering plants than are any of the other families, 
so that they are the nearest relatives the flowering plants 
have, even though they are rather far-away ones. 
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TREE FER;""S, SHO\\'I;.J'G THElR TALL THICK TRt;);KS 

AND LAHGE LEAVES, \"lITH S~I:\..LLER FER:"IiS GI<O\.I,'l:-.1G 

BE!\"F.ATH TIIE~l 



CHAPTER XXV. 

FF:R:,\~ AND THEIR RELATIVES 

Perhaps there is no family of plants so easy to 
recognise as the ferns. It is nearly alwavs a simple 
matter to kn ow whether or not a plant is a fern, for 
although there are hundreds of different kinds, th ey all 
have tile family characters plainly marked. 

W e have not verv manv ferns growi ng commonly in 
Engla nd , for they generally require a moister air than 
is usual in this coull try. By far the commonest is the 
bracken, which grows in all part s of the country, and 
sometimes in verY large masses (see Plate l.). Some 
people separate the bracken fern from tb e others, and 
speak of "bracken " and" true ferns, " but this is not at 
all correct, for the bracken is just as much a tru e fern 
as the others. only as it is so mu ch commoner, people 
are apt to value it less. 

In some countri es, particularly in the tropics, there 
are (as \\'ell as ferns like ours) very large ferns with tall, 
strong, upright stems, and crowns of large spreading 
leaves. Such fermi you can see in Plate Ill., and they 
are called tree fern s. Notice how thick the stem is, and 
how large the leaves are compared with it, while the 
trunk seems to be all rough and hairy, which is due to 
the jagged bases of the old leaves which have fallen 
away. Yet ,even the tree ferns afe easily recognised as 
belonging to the fern lamlly. 

Let us examine ferns in order to find out what are the 
points about them which are specially characteri sti c for 
their family, and which help us to separate them from 
the other plants. 
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1. We find that tlte fern body is cll'm'~,' lJIarked 0 111 

i11to roots, slem, alld leaves, blll there appear to be neither 
fiowe1's nor e01US. 

2. The stem and roots have definite" water-pipe" 
cells, as you can see if you examine a thin slice with 
your magnifying-glass, but there are never rings of wood 
formed year by year, as in the higher families. The 
stems are frequ ently short and stumpy, and often run 
underground. They are usually covered by the rough 
leaf-bases of old leaves and by dry scales. 

3. The leaves are generally few in number, often only 
three or four , but they are highly com
pound, and are split up into very man\" 
side leaflets, They are generally thin 
and delicate. When thev are young they 
are rolled up in the bud in a close coi l 
(see fig. 12i), and as they unfold the\" 
bend back. This way of coiling up is 
quite a special charader of ferns. The 
buds are generally covered with flaky, 
shinin g scales, which stick all over the 
young leaf-stalk. 

4. You have 1Iever seell a fern willi 
F;g. [27. Young flowers or seeds, yet there are alwavs 

leaf of a Fern rolled plenty of new ferns every year- How 
in a close coil. are the young ones formed? For a long 

time botanists did not know, so that 
people thought there was some magic about it, but now 
we know the whole story, and it is a very interesting 
one. 

S. There are no seeds, and 
6. Therefore there are no seedlin.gs to have cotyledolls. 
You must have noticed little dark brown spots on the 

backs of some fern-leaves. It is in them that you must 
look for the beginning of the new fern plants. The 
little patches are at first hidden by green coverings, 
but when they are ripe these bend back, and expose 
the little brown clusters within. If you look at one of 
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these ripe patches with a magn ifving-glass, you may be 
able to see a number of little roundish boxes on stalks, 
Each of thes~ contains a number of tiny "spores " 
(\I hich are single cells with tbe 
power to grow), and when the 
spore-cases are ri pe they open anri 
shoot out the spores, as YOll maY 
perhaps see if YOll look c10sdv at 
" ripe patch when it is taken Into 
\\'arm, dry air. 

These brown patches are not at 
all like flowers, but in some wav 
they do the work of flowers , fo'r 

Fi g. 128. A small piece 
of Fern Ie"f showing the 
patches of spore-cases on 
the under side. 

they give rise to cells which can carrv on the life of the 
fern to a second generation, The way in which they 
do it, however, is totally different from that of the seed, 
and is quite the most special character of the fern s and 
their rel"t i,'es , 

The spores grow slowly when the~' come on to moist 
earth, hut as their develop
ment takes a long time, vou 
had better get some from a 
g;trdener which have already 
grown, As the spore gro\\'s, 
the one cell composing it di
vides and divides again, until 
there is formed a little filmy 
heart-shaped green structure 
called a pm! hallium (sec fig, 
129), whi ch is not in the leas! 
lik e a fern plant, for it is not 

\\"ii~g~ ~·~~n: F~~ttr)l1~:~w~~~ more than a quarter of an inch 
out from it. (:\tagnified). across. It has no stem or 

leaves, and is only a thin layer 
of green cells, with a few root-hairs on the under side. 
Two of the cells formed on this- little structure then 
unite and begin to grow while still attached to it, and 
finally they grow into the form of a very small , simple 
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fern plant (see fig . 129). So that between the old fern 
plant and the little fern .. sporeling " (for we cannot call 
it a seedling) we find a whole new structure, the pro
thallium, wh ich is quite different from the usual fern 
plant. This curious alternation of fern,-prothallium, 
- fern , an d then again prothallium, is what we call 
"alternati on of generation s. " and is very characteristic 
indeed of the fern tribe. 

Some ferns take a short cut , and bear little ones 
directly on their leaves without any prothallium, You 
see this in the" Hundreds and Thousands" fern, where 
the old plant is sometimes covered over with little ones, 
which wi ll grow if thev are taken off and planted care
fully. 

Sometimes people are deceived by what is called the 
" flowering fern, " and expect that it will have flowers. 
In this fern we find that all the spore-cases grow 
together on a special leaf, whi ch is so covered bv them 
that it looks quite different from a usual one, and is 
called the flower, though it is not one. In all other 
ways the storv of the spore building and growth is like 
that of usual ferns. 

In our study of ferns . you see that they have many 
:haracters which are exceedingly different from either 
the flowering plants or pine-trees. In fact, they are so 
:iifferent that we require to add some new points to our 
~ ist of characters for family divisions, which are :-

7. Instead of/towel's there are little spore-cases, which 
;ontam. a number of simple one-celled spores. These are 
~enerally found on leaves which are otherwise like the 
'est of the leaves of the plant. 

8. Each spore grows out to form a small green structure, 
JJ hic/t differs fm m the parent, and which we calt the pro
'lin-Ilium . 

9. The new ferri-plant grows at firs t attached to the 
;rothallium, but soon grows out beyond it, and is quite 
ndependent. 

What we caB" ferns " are not the only plants which 
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belong to thi s big famil y, for the club-mosses and also 
the horsetails have almost the s:lme arrangement for 
thei r building of new plants. Our character-points 17) 
(8) an d (9) apply to them, even thou.l!h th e rest of their 
structures appear to be so different from the fern s. 
They are , therefore, put in the same big fal1lilv with the 
[ems, though they have smaller classes [or themselves 
apart from the true fern s. 

N either the ferns nor their near relatives are verv im 
portant in the vegetation of to-dav, but very long ago 
they ,,"ere among the chief plants in the world, and 
grew to be as big as forest trees. E,'en then, however, 
th ey had almost the same way of forming spores that 
they have to-day, a fact which still marks them out as a 
family different from all the other famili es of plants. 



CHAPTER XXVI. 

MOSSES AND THEIR RELATIVES 

Mosses fo rm a nother big family, the members of 
which are generally easy to recognise, even when you 
know little about them, because they all have a very 
strong fami ly likeness. If you look for mosses in a shady 

wood, or on stones 
and tre e stumps 
near a waterfall,you 
will often find large 
numbers of the'm 
gro\\'ing together, 
sometimes forming 
sheetsof soft green, 
covering the stones 
and earth and tree 
stu mps. These 
luxuriant mosses 
grow, as a rule, in 
moist and shad" 
places, but there 
are others which 
grow on dry walls 
or betw een the 

fiO~~~;-I~~~~IP:e~:~~offb:~f;:~~'lh~~~~;~;ngcht~s~ cobbles of little-
used paths, and 

generally form brilliant green patches of tiny plants, like 
masses of velvet. If you pick out a separate plant from 
among these and look at it through a magnifying. glass, 
you will see that it is very like the bigger ones of the 
wood. ,,' 
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F aT OUT study it is perhaps better t o choose one of 
the bigger ones, because all its parts show so clearly. 

1. If you take a Single plant, you will find Ihat it 
appears to be marked 
out into root, stem, and 
leaves, though all these 
parts are small and 
simpl e. 

2. The stem is deli
cat"! , and you will not be 
able to see any" waler
pipe " cells when you 
examin e it with your 
magnilving-glass. 

3. The leaves are al
ways very simple and 
small, generally narrow, 
pointed, and clustered 
thickly round the stem 

10.--_,.--.;;;:;.:\- .( with no special leal 

Fig. 131. (a) The: part of the Moss corre· 
sponding to the prothallium; (b) with the 
spore-c.1.psule attached j (c) enlarged capsule, 
showing the covering; (d) naked capsule, 
sh()wing Ihe lid ,!'hich falls off at (J). 

slalks. 
+- At the ends o[ the 

stems, you will often 
find little structures, 
sometimes rather pink 
in colour, which look 
something like flowers 
(see fig. 130), but they 
are really quite different 
ill/heir nature from true 
flowers. 

5 and 6. There an 
no seeds and no seed
lings. 

7. At the top of some of those plants which seem to 
have flowers you will find later that a long slender stalk 
grows out with a little capsule or box at the end of it 
(see fig. 131 (b)). This single box or capsule really 
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corresponds to the numbers of small spore-cases on the 
backs of fern- leaves, for it is in this capsule that we find 
the spores, whi ch are simple and single-celled like those 
of the fern . 

8. Wh en these spores grow, however, tbey do not 
form a prothallium as they do in the ferns, but they 
grow out into the leafy moss-plant. 

It is very difficult reallv to see hoI\' this can be the 
case, unl ess you stud\' mosses very carefully with a 
microscope, but all the same it is true that the leafy 
moss-plant concsponds to thc protllallium of the fern. 

9. On the leafy moss-plan t you find the simple sta lk 
and capsule whi ch gives ri sc to th(' spores; this sp01'e 
f01'1ni1lg pa yt of tlte plant always remains attached to 
the leafy plant, so that we find the two portions of the 
plant in contact all their lives , and not separated as they 
.Ire in the fern. 

The onlv other plants which are built on anything like 
this plan are the liverworts, though you might hardly 

·believe it, because most of 
them are not marked out into 
leaf and stem at all, but are 
only fiat,creeping,green stt uc
tures, which do not look in the 
least like the mosses. It is 
true that they are not very 
near relatives, but because 
they have spore-cases rather 
like those of the mosses in some 
very importan t ways, the scien

Fig. 132. A piece of Liverwort, 
show ing the flat, creeping body. 
not divided into root, stem, and 
leaves. 

tists have put them together in the big moss family, 
The true mosses have a special smaller family to them
selves within this, a family which is quite easy for you 
to recognise when you go out on your rambles into the 
woods. 
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ALG)E AND FUNGl 

The last big family of plants is that containing 
the simplest plants of all. They are often verv 
small and apparentlv unimportant, sometimes so small 
that we cannot study them at all without magnifying 
them very much with the microscope. In other cast", 
they are quite large and easy to see: for example, the 
big red and brown seaweeds, and th e many toadstools 
in the autumn woods. Sometimes thev rna\' even be 
very huge indeed, as are some of the seaweeds which 
grow in tropical seas. All the same, though we examine 
one wilich is as big as can be, it is rcallv more simplp 
in its detail than the mosses. 

In very many oj tlte afgm and jzmgl; the whole plant 
body consIsts only oj one sz"ngle cell. When this is the 
case, the plant lives floating or swimming about in water, 
or in very damp places. In rain-water which has stood 
for a long time you may find numbers of these tiny 
alg<e. If vou put some of the water in a glass tube and 
hold it against the light you may just see them, with a 
magnifying-glass, as specks of green, often swimming 
actively about. 

The fine green" scum " which floats on many ponds 
and slow-moving streams consists of masses of these 
simple plants.;, in this case generally of forms in which 
the single cells keep attached together in long rows or 
chains, forming hair-like plants. _Colourless plants of 
this kind are the fungi, which are often built on the 
same plan as the hair-like green algre, only they do no 
food-building work for themselves, but live as parasites 
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on oth er things. This is the case in many moulds and 
the plants which form potato-disease, and, in fact, the 
greatest number of plant-diseases are caused by such 
simple parasites. 

All these plants are very small and simple, and as you 
can see at once, are not at all to be compared even wi th 
the mosses, but there are others which seem to be more 
complicated, as are the big seaweeds and the toadstools. 
Let us see how it is they are put in the same family 

Fig-. 133. A Toadstool, showing tht: .. cap " 
and" stalk ." Under the cap are the radiating 
gill s, on which the spores. are formed, Thread
like strands under the SOIL 

as the simplest plants 
of all. 

You can see, even 
with your magnifying
glass, that they have 
no special "water
pipes" in what you 
may call their" stem," 
(for want of a better 
name), but that their 
whole body is built 
up of numbers of soft 
cells all very mu ch 
alike, which twine in 
and out, and build a 
kin d of soft weft ; they 
have no really marked 
out stem and leaves 

Look at a toadstool, for example, there is just a stalk 
and a cap spreading out above ground, while under the 
ground there are many twining thread-like strands (see 
fig . 133). 

Even in the seaweeds, which may seem to have 
stems, you will find that such is not really the case. They 
have generally a flat body, which is thin at the edges, 
with a stronger mid-rib, and the flat edges get worn 
away in the older parts of the plant, and so leave the 
mid-rib looking like a stem, though it is not so really 
(see fig . I.34) , 
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" -hen we corne to look for flowers or even spore 

Fig. 134. A Seaweed, showing the 
branched body, which is not divided 
iJ'l.to stem and leaves, 

capsuks, we see sti ll more 
clearly how simple these 
p l ants a re; th ey hav e 
not nearly such a compli 
cated history as the moss. 
For example, in the toad
stools we fi nd that there 
are many spores formed 
directly on its lower sur
face, on the "gills," and 
these grow out to form new 
toadstool plants. You can 
see the spores if you cut off 

a toadstool or mushroom head 
which looks full grown and is 
quite expanded, and then lay 
it on a sheet of gummed paper 
over-night, with the gills down
wards, and another beside it 
with the gills up. Next day you 
will find that the paper under 
tne one where the g ills were 
downwards ·IS covered with 
radiating lines of spores, just W~~k, !g~'wi~;1h~fB~a~~c~~d 
as they fell from the gills, special swoilen Ups (,). 

and repeating their pattern. 
The seaweeds have the most complicated way of 
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forming spores of any of this family. There are special 
little swellings at the ends of the plant, as in the 
ordinary bladder-wrack, for exampl e (fig. I35 (s)), and in 
these are form ed the cells which will give ri se to new 
pbnts. The other simple bladders (fi g. 135 (I)) are 
only full of air, and act as floats to keep the plant up in 
the waier. 

In this the simplest family of all , we find more 
variety in the appearance of its members than in ;my of 
the others, so that it may seem to be rather difficult to 
recognise the plants which belong to it. Perhaps the 
easiest way of settling this, is to see if the plant fits intc 
any of the other famili es, and if it never has flow ers nor 
cones, neither fern spore-capsules nor the big spore 
capsules of the moss family, then you are fairly safe in 
classing it with the simplest plants. 

Very many of the plants of this family are found 
living in water, which is perhil ps one of the reaso ns that 
they can afford to be so simple, because the water pro
tects them from many of the dangers land-plan ts ha,'e 
to prepare against, such "s wind, drought, or too mil ch 
sunshine. This is the simpl est family of real, undoubted 
plants j but there is one class still simpler, and that is 
the family of bacte1'ia, about which you must have heard 
much , as many of them cause OUf diseases, though 
oth ers do much valuable work for us. All the same, we 
will leave these little creatures alone, and content our
selves with the five great famiIie~ of plants which we 
can see with our own eyes. 







PAHT V. 
PLANTS iN TI-lEII~ HOl\1 ES 

CHAPTER XXVIII. 

HEDGI';S AND DJTCHES 

\VE do not sec plants growing under quite natural con · 
ditions in the hedges and ditches, because they are pnt 
there by man In thp first instance, and are continually 
kept in order by him. All the same, the hedgerows, 
which are so common in England, deserve a litll e study. 
They are I\·ithin the reach of everyone, and there we 
may often find many wild plants growing sheltered bl" 
the actual hedge. 

The principal plant is, naturally, lhe one which form ' 
the hedge, and this is very commonly the hall·thorn; 
but, growing under it, and over it, and on the banks 011 

either side, there are many others which are generally 
quite self-planted and truly wild. Of the bigger ones, 
the white clematis or Travellers' Joy is very common in 
the souih of England, and grows climbing all over the 
hedge, and often covering it with its white flowers. 
W e noticed this plant among those which are special 
climbers (p. IOS), and we can often see very well on the 
hedges how it climbs over tree and shrub, and supports 
itsel£ on them. 

A smaller plant, oj somewhat similar habit, is the 
goosefoot. This has long, weak stems, which grow up 
amidst the other vegetation and so support themsel ves, 
while its leaves are arranged in whorls round the stem, 
and are narrow and rough , and help to keep the plant 
from slipping down. Notice also Its fruits, how rough 
they are, and how they cling to everything. They are 
beautifully adapted to catch on to every passer-by, ,., 
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whether man or animal , and so to get carri ed to a dis
tance where the seeds may grow. 

A characler oflhe ordinOl), plants growillj! in Ihe hedj!es 
is th e tendency th ev often have to form ve1:)' loti /!., straggly 
stell/s, whi ch are too fine and weak to support them
selves, but which are quite strong enough to grow up 

Fig. 136. Two TotldAax plants grow
ing ncar together: A, on the bank by a 
hedge j B, among the plants of the actual 
hedge. 

through the hedge and 
bear leaves, as thev are 
partly held up by the 
other vegetation. You 
may frequently find plants 
which are usually only a 
foot or so high, and abl e to 
support themseives yeT\' 
well , growing up throu gh 
the hedge to a height of 
two or three fect, and hav
ing thin , limp stems \\'ith 
long spaces between th e 
leaves (see fig. 136). These 
plants have some of the 
characters both of those 
grown in the dark and of 
climbing plants, .because 
the thick-set hedge keeps 
off the light from the low
growing parts, so making 
them straggly, and at the 
same time gives th em the 
support they need if they 

grow rapidly out into the light, and do not build strong 
stems. Very often Y"u may find plants of the same 
species as those that grow so tall in the hedge, growing 
in the shorter turf away from it , and there only reaching 
their usual height. 

This shows us not only that different species are 
specialised to grow under different conditions, but that 
even 'wo individual plants of the same species mav be 
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growing within a few fee t of each ot her, and vet have 
quite a different appearance owing ( 0 (he influ ence of 
their imm ediate surroundings. There ilre many such 
cases to be seen in the hedgerows. 

If the hedge runs from east to west, it will cast a 
shadow over (he side lving (0 the north. Notice Ii 011' 

differe llt is tile gel/era l aptcam11ce of lile plallts a ll lile 
bleak side j rolll llial of lliose OJ/. Ihe soulli. Y Oli mav also 
find that some species which grow Oil the south sick do 
not grow on the north at 311 , or only iiI far smaller 

numbers. It is quite 
worth whi le making out 
li sts of all the plants you 
can filld on one side and 
the other of the hedge if 
it is a big, well ·establi shed 
one, and comparin g the 
numbers and condition of 
the two sets of plants. 

Fig. 137. A, Dead Nettle which has 
g rown up through the hedge. B, the 
same after bein ~cut back with all the 
others. Side branches have begun to 
sprout now that it k well hghtt:d and 
the top ha. .. been cut ofI. 

As we noticed before, 
hedges are not entirely 
natural , and as man lliere
jore jorms a Pall oj llie 
plants' ellviromnelll , it is 
qui te interesting to see liow 
tliey respolld to liis influ· 
ence. For example, we 
may study the effect of 
his trimming the hedge. 
In a hedge which had 
been left for some time to 
itse lf, the plants would 
have long, thin stems, bare 
at the base, where no 
leaves would develop, as 
they-would be cut off from 

the light by all the other plants. Then comes the 
" hedger and ditcher," and cuts them all back, leaving 
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often only a few lllches of nearly leafless stem. ,,'hat 
is the result ! Soon on these bare stumps leaves bt'gin 
to sprout now that the light can get at them and the 
top is cut off , and many short side-branches come out . 
also bearing leaves, so that where before were an i\' long. 
bare st ems carrying tbe t op tufts of leaves out t o the 
light , we now have short, thickly clust ered plan ts of 
bushy appeara nce (see fig. 137). Soon, however, the 
race for light begins again , and the plants grow taller 
in their atte:npt to overtop each other. Notice also 
how the hawthorn (or whatever woody plant it may be 
which makes the hedge) responds when its leafy shoots 
are cut away. Many hidden and sleeping buds in the 
brown woody stem now get their chance and wake to 
active life. It is this continual cutting back which 
makes the hedge so thick with many short branches. 

111 lI,e ditches, which often run alongs ide of hedges, 
we filld quile a different set of Plants. Th e ditches are 
gen erally cut out to a lower level than the surrounding 
bank, and so they often contain water while the rest is 
dry. In such watery ditches the plants which you will 
find depend a good deal on th e qu antity of water in the 
ditch , and whether it is always there or not. If it is 
reall y a wet ditch, you may get many of the inhabitants 
of the lakes, or if it is a dry ditch where but littl e 
moisture coll ec ts, you will get only rushes and rank 
grass. An interestin g kind of ditch to watch is one 
which is well supplied with water nearly all the year 
round, but mav drv up during the height of summ er. 
In such a position as this you are nearly sure to find 
many pond-dwellers, such as water-cress, duckweed, 
\\'ater parsnip, water buttercups, bulrushes, reeds, and 
many others, which will vary with the locality. These 
plants gen erally choose a spot where there is a per
manent supply of water, but plants cannot foresee. 
the unexpected draining of the ditch, or a summer 
drought, and they are sometimes left through these 
causes _ to grow on bare mud. When this happens, 
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'/' 
Il ot ice ho\\" 1 h ~ \' hehave i thos(: 
which were alreadv rooted in th" 
mud mav contillue' 10 flouri sh for 
sa m" ti;ll e, whil e those which 
II'ere fl oa ling m al' be abl e to roo t 
1 hemselves and tide over a short 
danger. If the water is perma
nenth- drained off, howe ver, they 
grad uall y have to .~ive in i they 
see m to draw themselves togeth er 
and the long, luxuriant bran ches 
die off, an
I \"the short 
s-hoots re - _ 
nl a in in g, 
which are 
not so ex-
tr avag ant 
w ith wa-
ter. The 
duckweeds, 
which you 
know verv 
,,-e ll a-s 
litlle float-
ing green 

Fi~ . 139 Duckweed, wilh 
s imple leaves and long rooh 
hangi ng in the water. 

leaves, have long, thread -like roots 
hangin g from them unattached to 
the soiL When thewater goes, they 
first root th emselves in the so il with 
these water-roots, but ifthe drought 
lasts lon g the roots die away and 
the plant hides in the mud, where 
it can remain for a long tim e wait
ing for the return of the water. 

Fi~. 138. Bulrushes grow. 
ing in a wet ditch. 

In the ditches you will prob
ablv find a number of green , 

threarl-like alg<e; these n;av al so remain on the mud for 
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some time when they are dried up, and in their case 
some of the cells at such times get a specially thi ck coat, 
and remain living for long. Then, if the water returns, 
it is again the home of these algie, which rapidly grow 
out from their protected ce ll s. 

So that you see, even if you had no plants but those 
in the hedges and ditches to study in their homes, ve t 
you could manage to find many examples of living plants 
which are trying to fit themselves to their ever-changing 
surroundings. Those that cannot su cceed must die 
awav in that spot, and confine themselves to some other 
place where the struggle is not too hard for them. All 
the plants which we find anY'dlere living toget her are, 
therefore, those which are suited to the conditions in 
that place, and all wch plants growing together in this 
way form what is called a " plant association." 
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MOO I{LAl'\D 

TH E word ., moorland ,. brings at once to the mind' s 
eye great stretches of land whi ch the farm er has Id t 
practically untouched. It is not like a 1V00ri Jand. for 
the plants are all so short that they do not shut out the 
\'iew; hence on the moors there is a se nse of space, and 

Fig. q o. A moorland stream. Notice the low growth of al1 lhe plants. 

one can se~ all around the hill sides and plateaux clothed, 
though their form is not hidden, by their cov ering of 
plants. Let us see what are the (;]Jaracters of the plants 
which grow so lowly, and yet so thickly on these expanses 
of uncultivated ground. Almost the first which ri ses to 
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one's mind is the heather, with its short, bent stem and 
many wiry branches. If you try to pull it up you ,,·ill 
find that the roots are long and fin e, but strong, an d 
that they grow for great distances into the soil, so that 
it is very difficult to get the plant out. The leaves are 
small and tough, and the lower ones on the stems gener
ally have their edges half rolled in , while the lea\'es on 
the ends of the branches which stand further out in th e 
air are often so much rolled as to be almost entirely 
closed. Some of the heather-plants seem to be covered 
over with short hairs like soft down, while others have 
shiny strong leaves. In fact, the heather has many of 
the characters of plants which have to protect them
selves from drought. 

Look at the others growing wi th the heather; there 
is the heath, which is so like it that alm ost the same 
description applies to it. Then there is the cranberry , 
which lies close to the ground, and is somewhat pro
tected by the other plants, and has more delicate stems, 
and larger, flatter leaves, which are also rolled in at the 
edges. The bilberry has certainly larger leaves than 
these others, but notice in the early autumn how soon 
and readily they drop off, and leave the thick, green , 
ridged stem to Jo their work. The moorland grasses 
also have protected leaves; generally they are narrow 
and pointed , and the whole leaf rolls over, so protecting 
the side on which are the transpiring pores (see p. 102). 
All these plm1ts have the appearance of protecting them
selves from loss of water; how is it? It may seem 
strange when you remember that it is from our moor
lands that so much of our water sUPFly comes, and also 
that the moors are common in the north, where there is 
a large rainfall. All the same, the plants on a moor do 
actually require to preserve their water, as they suffer 
from" drought conditions. " 

Stand on a high moor on a windy day, and you will 
soon feel how the force of the wind sweeps across 
it. Suc!,! a day is what laundresses call "fine drying 
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weather," and so do th ~ plants. Th en if you go on 
a bright sunny day in summcr, you wi ll soon feel how 
very hot the moorland can be, for there is 110 shade to 
be had anywhere, and the cool grecn glades of a wood 
offer a tempting change. The moorland plants suHcr 
from this heat, and require to protect their transpiring 
pores from the glare, so that you wi ll find all those that 
can do so, have rolled their leaves up tightly. T hen 
notice the so il of the moors, how springy it is, and hall' 
black and " rich " i very often there are traces in it of 
the partly decomposed plants which form it. This is 
what is called a peaty soil , and may even be true 
peat. The decomposing plants in this soil give ri se to 
an acid which is rather preservative, and at the same 
time it acts on the living plants and makes it ciifficult 
for th em to draw in water by th eir root hairs. Th is 
kind of soil adds very greatly to the" drou ght condi · 
tions" of the moorland plants, for it makes it hard f01 
them to use the water which surrounds th em. All these 
thin gs cause the moorland plants to be as spari ng as 
possibl e of their water, and so they have the appearanc<: 
of plants grown under dry conditions. 

But why are there no trees on the moors, you may 
ask! It cannot be that they are on too high a level for 
trees to grow, for some even higher hills are clothed 
with them. The truth is tbat probably long ago ther\: 
were trees on the moors, but men cut th em down fool· 
ishly without hav ing planted young ones between Ithe 
old ones, which would have replaced them. When 
once all th e trees are cut down on a hillside, it is very 
difficult for young ones to get a start again, because 
everything which makes it hard for ordinary small plants 
to grow hinders the young trees, and the worst of all 
tI- eSC things is the strong wind, which can rush UD

ellc'cked OV .T the bare moor. A strong wind is more 
\.-owerful than a young tree, and "kills it. 

The plantations of young trees which are to be found 
')n the moorland have to be started on th e sheltered 
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, ide, and require mu ch care and attent ion. You will 
n o ti t:~ that th e (rees which do g row there are those 
whi ch are specially fitted for a hard life, such as the pine, 
larch, and birch. 

Another feature of the moorland, and one which can-
11 0t long escape our notice if we walk about moors at all. 
is the nUlll!.Jer of pat ches of wet moss which shake and 
tremble ben eath our feet, and may form great stretches 
of bog-land. Sometimes this is so soft that it gi,·cs \I·a\" 
altogether, and one may be kn ee-deep in moss and 
water, where it looked firm enough to the eye. You 
will find this bog moss grows in a peculiar way, the 
fresh green branches growing up and up, \\"hile below 
li e the half dead older stems, which are partly preserved 
by the peaty acids. Th ese layers of moss collect for 
many years, till verv thick masses of peat-bog may be 
formed. 

Among the bog-moss you will often find the sundew 
and butterwort (see pp. 114-1 5), whi ch are two of 
our chief insect-eating plants. They love the boggy 
moorland, or a damp spot beside a little moorland 
stream. 

There is a curious thing you may have the chan ce of 
seeing in a wet moor. If you find a stream dripping 
over a ledge some little distance on to the rocks below, 
you may see how thick and beautifully green are the 
patches of moss growing beneath its spray. If the 
stream has passed over much limestone (and is therefore 
carrying some in solution), you may see below the 
living moss much dead moss just covered with a thin 
coating of lime. Below this is more moss, which has 
been made quite hard with the lime, and is brittle 
and snaps if you try to bend it, while below this 
again is a hard, compact mass of stone which is m,,<ie 
from the stony sterns of the moss crushed together by 
the weight above them and filled in with more J .> 
posited lime. In some places great masses of rock 
are form~d in this way. You have here , acted before 
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your eyes, a piece of the history not only of th e 
living and dying plants of to-day. but of the building 
of rocks, which may some day help in the building of 
mountains. 
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CHAPTER XXX. 

PONDS 

THE water of a natural pond is crowded with plant- life. 
Do not go to one in a London park, which is cleaned 
out by the County Council at intcn 'als, but to one 
which is left to itself, and vou will find it full of 
interest. . 

Some of the plallts float free ly in the \I'ater, as do th e" 
duck\l' ced s, and others, such 
as the water-lilies, are rooted 
in the mud with their leaves 
floating on the surface, while 
yet others are rooted in the 
mud at the bottom and li\'c 
almost entirely under water, 
like some of the potamo
getons, or curly pond-weeds. 
The plants which are more 
or less attached to the muddy 
bottom, and have floating as 
well as submerged leaves, are 
perhaps among the most in
teresting, for they show two 
kinds of leaves. Look at a 
water buttercup, for example 
(fig. 141) j on the surface of the 

water, or just above it, are the flo:-vers and leaves, which are 
rather like the leaves of an ordll1aFY buttercup. Follow 
the stem a little way down under the water, and you 
will see that the leaves are no longer simple, but are 
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split up into many hair-lik e divisions, which sway about 
(,:<l sil )' with the ",ater 's mOl'ements, Th ese two kind, 
of leaves are each suited to their position, as you will 
see if you think about them, The broad , undivided 
leaves on t he top of the water expose their surface to 
the sunlight and do as much manufacturing of starch a~ 
possibl e, while the salt much -divided lea\'es below the 
surface are in keeping wi th their position, for they all o\\' 
the current to pass between their fin e di\'isions instead 
of pushing them t1p or tearing them, as it mLl st do if 
t hey had broad , Hat surfaces, whi ch \\"Q uld be over
powered by th e strength of the current. 

Compare these lea\'es \\'ilh those of the water-lily, 
In the lily you find no di\'ided leaves, but they all 
rise to the surface and Iloat there, spreading their 
expanded blades on the water, Noti ce what very long 
leaf-stalks they have, sometimes eight or ten feet in 
length , Think how absurd the pl ant would look on 
dry land, with its short stem and its huge leaf-sta lks, 
though they are so well suited for Iloating in the deep 
water. In the air the long, soft stalks would fl op about 
on the ground, as they need some support, but this they 
get in the water, \\'hi ch buoys them up and saves them 
from expending too much material in the formation of 
strengthening tissue, 

Even those plants which, like the water marestail , can 
stand up by themselves some way out of the water, 
yet have softer stems than most land-plants, and far 
fewer well-developed" water-pipe " cells, because they 
are so surrounded by water that thev can get it easily, 
Both these plants and the water-lilies, as well as many 
others, store air rather than water in their stems, and 
often the spaces in the meshes of the stem-tissue are 
filled with air, which acts both as an air reservoir and 
a buoy to. float the leaves, We find all through the 
plant-world that the structure of a plant depends very 
much on the kind of conditions under which it is living, 
and in the case ?f those growing in the water, it is 
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quite clear how th e soft, air-filled 
of their mode of life, and are 
well adapted to it. 

stems are one result 

In the ponds you will often 
find that the duckweed grows 
in large masses on the surface. 
Each plant seems to consist of 
but one leaf and a slender root 

abou t an inch 
long, hanging 
freely in the 
water. Some-
times two or 
more of the Sil~~~ :~~~esll):~II~'3\~~~~' r~;;t~ 
l eaves are at- hanging in the W:ltcr. 

tached and 
form a little clu ster, but it is exceed
ingly rare to find the duckweed in 
flower. Simple as it is, almost sug
gesting the algre rat her than the flower
ing plants by its general appearance, 
yet the duckweed is really a flowering 
plant. It is, in fact, one of the very 
tiniest of flowering plants which are 
known. 

Floating with the duckweed are fre 
q uen tly many fine, thread-like algre, 

sometimes quite free, 
and sometimes attached 

F ig. 143. Cn:~'ping rhizume of the Bulrush, 
which pushes \lui lowards the middle of the 
pond, 

to stems or rocks. 
They are very delicate , 
unprotected plants, 
their whole body con
sisting of simple rows 
of cells. Notice how 
th e ir feathery tufts 

close mass 
( C2rJI) 

cling together in a 
when they are taken out of the water j 

M 
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they require its support and protection to enable them 
to live. 

There are many plants growing round the borders of 
the pond, half in and half out of the water, such as the 
reeds and sedges, irises and the tall marsh buttercups. 
Watch how these plants gradually grow further and 

Pig. r44. A water channel ~ro\Vn on'r hv noa!in ;: p/=tnts nnd the 
advancing reeds and rushes. 

furth er in towards the middle of the pond. They 
advance with their creeping underground stems (see 
fig. 143), and collect mud, dead lea\'es, and stalks around 
them, gradually building up a little firm soil round their 
roots. 4 Slowly these accumulations from different plants 
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meet, and the whole gets more compact, till the plants 
from the shore which req uire so il are able to grow with 
them. 

In this way th " shore slowlyadnll1ces, the floa ting 
plan ts first building up some mud, and the reeds follow
ing and bringing shore plants in their train, till in the 
cnd the edges of the pond all meet in the middle, and 
t he pond, as such, 110 longer exists. Only a marsh 
remains, till this may be gradually grown over by the 
"\'er-in creasin g lancl-pbnts, and an oak-tree may grow 
\\'here onee the water-lilies bloomed. If the advancing 
reeds at the edge had been kept cut back, as they often 
are, then the land-plants could not have taken such hold, 
and the pond would have remained a pond with all it s 
II water-weeds, " 
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.-\ U):-';C '1'1-11': ;; II OI(E 

SANDY shorps with dunes are so common round Britain 
that you will probablv have opportunities of s tudy ing 
them Did vou ever notice "'ith an\' carl' what kind (J f 
plants grow on tlw sand next the sea' As you walk inland 
Ir(l m the sea, "('lI ,,-i ll lind first lill ie hllmrnc.cks of san d 
with a fell' I ()\\', bent grasses, scattered and often fa r 
apart. Then as \' 0 11 go a little further inland, the sand 
mounds are higher, and a stronger grass grows first in 
tufts and then thickly O\'er them; th is grass is Ihe useful 
sand binder, or marram grass, and grows on the: shifting 
sand , qu ite near the sea (see fig, 143), Tn' (0 pull up a 
plant of thi s grass, an d you will probably find out some 
of the things which help it tv hold its position in the 
moving sand , It is not at all casy to pull up, and you 
wi ll have to di ,~ rather carefu ll y if you are to get it ou t 
:11 all complete, 

You will find that what you thought was a sim ple 
tuft of grass is really con nected, by an underground stem, 
Il'ith other tufts, If you [011 011- thi s along, you wi ll find 
that the underground stem run s for a long distance, 
burrowi ng in the sand and sending up tufts of leaves at 
intervals, .The ti p of the stem always remains under 
the sand, prepared to grow in whatever direction is best, 
and unless it is buried to a veey great depth it will 
always continue growing, Coming off from the stem 
there a~e very many long roots, and at the places where 
the leaf tufts arise there are generally one or two much 

,6, 
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longer and stronger than the others, which run a very 
great distance into th e sand, and if you \I'i sh (0 get 
them out without breaking them, you may have to dig 
for several hours. It is by means of these branching 
underground stems and long roots thal (he marram gr:lss 
gets its hold on the sand. When once this grass holds 
the sand it is soon helped by a number of other plants, 

Fig. 145. A Sand-dune by the sea "with the Marram grass in tufts, and 
the Carel: tufts coming up In straight Jines from Iheir underground stem s. 

which come on behind it and cover the surface, and so 
prevent the wind from scattering the sand-grains, and 
blowing them about in clouds. 

One of the first plants to follow the marram is the 
sea-star grass, or carex. You have probably seen its 
little tufts following in lines across bare banks of sand 
(see fig. I45). Thjs appearance is due to the under-
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ground stem, which funs very great distances in nearly 
straight lines, sending up groups of leaves at short 
intervals as well as side-stems, which form lines crossing 
the main line. 
Often a bank 
mav be covered 
with lines of this 
p l:lI1t. A Iitlle 
piece of th e 
plant is shown 
in fig. 146, where 
you can see that 
the s tr u ct u res 
are on verv much 
the same plan as 
those described 
for the marram 
grass. Th e re 
are many other 
plants with thi, 
kind of habit, 
which enables 
them to live on 
the sandy shores 
and dunes. Look 
at all the plants 
you can find on 
the sand - hills, 
and you will see 
that in some way 
they have therr 
parts adapted to 
suit their con
ditions. • Very 
long roots and 

Fig. 146. A small piece of the underground slcm 
of Cartx , with tufts of leaves coming above ~hc It.:vel 
of the s:lOd; (s) stem, (r) roots (cut offl WIth smaU 
side roots, ($C.) scale leaves underground. 

a running stem are the commonest characters, and 
these you will find on almost every plant you try to 
dig up. 
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Soml' limcs the stelll can grow up a nd up, even 

Fi~ . 147. St:a Holl y, 
ho \\~i ng tile plant ;\1 the 
,urfacc, and th e long stem 
,elaw the level of the 
,and (s). 

though it is continua ll~' buried by 
the shifti ng sand, as vou can see 
very weil in the casE' of the ,ea 
holly . You may dig for more than 
a dozen feet before you come to 
the e nd of the vertical stem of wha t 
seemed to be quite a small plan t 
(sec fig. 1.+7). 

Along th E' shore a re other plant, 
of qu it e a different ki nd , which have 
also specia l characters t o help them 
to conq uer a region which seems to 
be very inaccessible t o land plan ts. 
~lany curious plants live in the 
m ud-Aats that are frequently cover ed 
by th e tid es, and whi ch can t here
fore onl\' get 
salt water. 
You re
member 
that sa l t 
kills ordi
nary land
plants, so 
that these 
must be 
s pecia ll y 
built to be 
able to stand 
it. Most of 
them have 
very thick, Fig. 148. l\1a rsh Samphire or 

l eshy leaves, and rather bushy Gla,swort, a plaIt ""th swoJlen 

items, while others have Jeath- g?,~~:\~:.Ilb whIch do the worli 

:ry leaves covered with a kind 
)f wax, or with hairs, which make them look grey. 
:"ook a th e sea- daisy, and you will see that the leaves 
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arc very thick and juicY: so are those of the sea-hlite 
and salt 'purry. The boldest of al l these plants, thl.: 
marsh samphi re, which goes furthest Ollt 10 sea, and 
maY grow on bare mud cO\'ereel by every tide, has 
n(1t leaycs at all , but yen- thick, fleshy stems, which 
,1rc green and do the work of leaves (sa fig. q~). 

All these form s must rem ind you of th e plants which 
were characteri stic of elry regions; how is it I hat these 
plants, often actually growing in the water, shou ld yet 
be spccialised in the same wad It is because ,,11 the 
water they get is sail, and it is vcry dilli clllt for th em to 
live in it. They can onl\' l1S~ a relativcl~' small quan
titl· , at het'wise the I' would be forced to take in too much 
salt, so thev must prevent their leaves fr ol11 transpiring 
much and using the water up. In this \\'a~' theyare r(,ally 
in the same kind of position and ~o require to have the 
same kind of lea\'es as a plant gr()wing where very little 
water of anI' kind is to be had. Th('v are in the same 
diffi cu1tI ' as- the Anci en t Mariner, will1 "Wakr, waler 
everywl;ere, nor any drop t o drink." 

Pull up a marsh sam ph ire , and you wi ll see that it 
has a \'ery mu ch branched, spreaciing root, which givt:s 
the plant a firm grip on the sand or mud, but it has 
not long roots like the sand-d une plants, for al l the 
wat er which it can use is to be had quite easily and is 
near at hand. 

You may notice, too , on these mud lIats the mingling 
of plants from land and sea. When the marsh samphire 
and sea-daisy invade the flats wh ich are covered every 
day by the tide, they are t lltering the region of the sea
plants, and you may find them growing side by si de 
with the true seaweeds, and even in some cases we may 
notice the bladderwrack seaweed further in toward the 
shore than "the samphire, which has ventured far out to 
sea. 

As you will find in everything- in nature, it is always 
difficult to draw a fixed line and say that on one side lies 
one type of thing, and on the other side something 
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different ; so, in dealing with different" pla nt associa
tions," we find that they have their special regions, but 
that they tend to cross over any limiting lines set 
between them. In deep water and on high, dry land, 
we find quite different kinds of plants which ne\'er 
mix with each other, but on the bord er land between 
such regions the boundary is not strictly kept , a nd we 
sometimes fuld plants growing where we mIght expect 
the conditions t o be unsuited to them. 
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ilLADUC:R\\"RAC K GROW IN G ON THE ROCKS E:\I'OSED 

AT LOW TID E. 
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IN THE SEA 

ALL the plants which grow in the sea arc hast ily grouped 
toget her by most people under th e name " seaweed s." 
\\' e know that th ere are manv kinds of seaweeds, and yet 
even to one who has not studied them , thev do not sveIn 
to differ so much from each other as to d~serve sp<.:c ial 
classes. And this general view is quite a correct one, 
for with very few exceptions, all th e plants which 
actually live in the sea are algre , and so belong to the 
simplest family of plants (SCl' Chapter XXVIl.j. Yet 
they are not without interest and individuality. In the 
sea these simple plants have everything to themselves j 
and it is th ere that we get them de\·eloped in a verv 
special way. 

You must have noticed that vou ncyer find seaweeds 
actually rooted in the sand (exc~pt in protected marshes, 
wh ere the sea samphire and some fl owering plants may 
grow), because sand is always shifting and being churned 
up by the waves, so that th ey cannot get a firm hold. 
This is almost the same on the pebbly shores where the 
stones are rolled over by the waves, and so would balter 
any unfortunate plant gro\\·ing on them. If you go 
along a rocky coast at low \\·ater, ho\V(;ver, you will find 
countless true seaweeds, growing so thicklv that the 
rocks are co"ered by their slimy masses, while in the rock 
pools are b eautiful tufts of more delicate seaweeds of all 
colours (see Plate VI I.). _ 

Examine a single plant of bladdef\\Tack or fucu s, and 
pull it up if you can. You will find that it is very slimy 

." 
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.Ind slips ou t of you r fingers, and then, that when you 
Ilave got a finn hold on it, it sti cks so fast to the 
rocks that it is difficult to get it off without breaking it. 
Does th is mean that it has roots which go right in to the 
rock as the roots of land-plants go into the soil ? Find a 
plant growing on a small stone, if possible, and look closely 
at it ; the" root " does not go into the slone at all, but 
i, much di vided an d clasps round it, bending into every 
little crevice and sticking tight. Note, too, that there 
are no root hai rs as there are in land-plants, which is 
natural enough when the \" hole plant is grO\\'ing in 
water , and can therefore absorb it through all its surface. 
All that is required from the" root" is that it shall 
hold firmly on to the rocks and keep the plant from 
being dashed on to the shore by the waves. Thp" root " 
is not a true root, but is really only a part of th e simple 
body, which is specially adapted for attachment. 

The many large bladders on the plant are fiUed with 
a ir, as you will see if you split them open , and they help 
to buoy it up in the water. ~otice, too, how flat the 
whole plant is : it is really a sillgle sheet of tissue 
or "thallus," which is much divided, bur dues nOI 
branch in many direct ions as a land-plant does. All 
these characters are those of the simple family of algre, 
to which all the seaweeds belong. Though in some 
cases they may form what look like very complicated 
stru ctures, ye t they are always built upon these simple 
lin es. 

Often you may find little plants growing on the bigger 
ones; sometimes a well-established weed may be almost 
covered by small seaweeds of many kinds, brown, green, 
or red. These attach themselves to the big plant in 
much the same way as they would to a rock, but only 
use it as a place of anchorage, and do not tap its food 
supply, as the parasitic mistletoe does to the land-plants. 
In the same way you may find numbers of seaweeds 
planted on shells or growing on the backs of crabs. 

As the tide gOp.s out it gradually exposes the rocks 
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and pools with their innumerabk inh~bitants _ ~ow ill 
th e case of those which are first unco\'ered, a IOllg time 
lllu st pass before the watcr returns, while those quite 
ncar the low water level are on ly un co\-ercd for a little 
while. Follow the falling tide some da\', and look for 
the effect which this dirfcrence (in the timc for whi ch 
they are exposed) has on th e plants growing at different 
depths. 

As you go Ollt towards the low water mark YOll lI"ill 

Fig. Lto. The Laminari ;].;, wnich ;l!"C nnly expt')c:;cd at quite Inw w;,lcr. 

find first and commonest thE' bladderwracks, which get 
more luxuriant where they are a little removed from the 
region of the pounding waves at the actual shore. 
Then further out you will find that the bladderwrack 
gives up its place to another plant very like it, but 
with more jagged margins. Beyond this you will come 
to the big strap-shaped laminarias, which never grow 
where they are very long exposed_ without water (see 
fig. 149). 

These different regions of seaweeds (some of wh ich 
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~re only laid bare by the tides which go very far out) 
really depend on the fact that the different levels of 
the shore are left exposed for varying lengths of time 
according to their depth. If the shore is flat or gently 
sloping, then the tide has a very great distan ce to 
recede before the same depth is reached as would be 
attained much nearer in where the shore slopes steeply 
(see fig. ISO). This explains how it is that in one place 
YOll may ha"e to walk out a quarter of a mile till ,'ou 
com e to the region of iaminarias, while in ,wother 
you need walk no distance, but merely clamber down 
the rath er sleep rocks to get to it. But as the actual 
time taken by the falling tide is the same in bot h 
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cases, the plants at anv level are left exposed for 
almost the same time whatever the kind of shore 
may be. 

One thing that may perhaps puzzle you about the 
seaweeds is their colour j some few of them are green, 
but most are blackish, brown, or even red. H o\\' then 
do they build their food? It is found that true chia ro· 
phyll is present as well as the other colours, and that 
though they hide the green tone from our eyes, they do 
not hinder its activity in the plant. You can see that 
the brown bladderwrack is really a green plant if you 
soak some of its tissues in hot water; the brown colour 
wi ll .be wash ed out and will leave the plant bright green. 
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In almost all cases these simple alga! living in th e sea 
are self-supporting plants, which have adap ted them
selves to the special conditions in the depths of the se~ 
where no flowering plants can live, and thcre th~y reign 
supreme. 



CHAPTER XXXII I. 

PLANTS OF LO\"G AGO 

WHEN we were on the moors we noticed that we may 
sometimes find plants being actually turned to stone 
under O UT eyes (see p. 156). These are plants which are 
l iving at th e present time, but this same thing has also 
happened to plants which lived long ago, and which 
otherwise we could not see and study, because they are 
all dead. In those cases in which they did not decom
pose in the ordinary way after death, but were turned to 

stone, we are 
sometimes 
able to find 
au! almost as 
much about 
them as we 
canaboutthe 
plants living 
to-day. 

You must 
have seen in 
museums, or 
even found 
for yourself 

Fig . 151. Plant which was lh'ing at the time coal was in stones, the 
made, pressed jn a stone aJJd so preserved. re m a ins 0 f 

l eaves a nd 
stems of plants which, too, are turned to ston e, but which 
yet show the shape and form of the plant with great 
beauty. If you go to the north of England, where there 
are many coal-mines, you will have a good chance of 

.,8 
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findin.!; pieces of stone which have been thrown out 
from the min es as refuse, and which have In them or O il 

them most beauti fu l leaves of fern s and other plants, 
\\ 'c' know from geologists thaI these rocks are very old 

indeed, older 
than the val
IcY, and dowm; 
o( I he south of 
England, yet 
we can see to
day what the 
plants which 
Ii \'e d I hen 
looked lik e, 
he cause they 
have b ee n 

Pig, 1:i2. Fern which W:'\S li\'i!1~ at th e lilll~ of the turned into 
cual, p:(:~:.('d bt:lwecn "heet~ of :.tulle. stone and k<.:pt 

for us in the 
rocks till the miners dig them out when digging the 
coal. 

But what is coal itself? You know that it is not at 
all like an ordinary rock, for it burns as well as wood, 
and has been found to be largely made of carbon. Even 
directly on top of the coal, and sometimes actually in 
the coal seams, we find plants preserved, and geologists 
and botanists have combined to prove that coal is really 
entirely composed of the crushed remains of ancient 
plants. 

You will remember that we found that many of the 
plants in the peat bogs did not get decomposed entirely 
because of the preservative peaty acids present in th", 
water and soil. Something of the same kind happened 
to the plan.:s of the old forests which now form our 
coal. As they died they did not entirely decompose, 
but got pressed tightly together,.all their living juices 
being squeezed away till little but the carbon in them 
remained. These masses of plants gradually sank 
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beneath the Sea, were coyered by sandstones and 
limestones, and were preserved between the beds of 
rock, forming masses nearly as firm as the roch them 
selves. These old pl'tnts, which to-day act as our fu el, 
are really" as old as the hills," for the\' were growing in 
the country before the hill s were made. 

As well as the many plants which were preserved in 
this wav, and in which we can nOH' see littl e but masse, 
of carbon, there were others whi ch were preserved in 
stone, sometimes pressed between the lavers of stone as 
you press a fl ower between sheets of blutting-papcr, in 
oth<.:r cases turn ed directh' mto stone without cru , hin g, 

. so th at they 
~"",.--~,_,---,-~,-,--~~~~- s h ow th e i r 

F i:.!. 153. The trunk , A. of a fO!,'lii tree turned into stone, 
still standing in the po~ition ill which it grew. It is sur
rounded and covered by the presst:d maso:es of plants (coal) 
C, fine mud (shales) , 0, and sandstone~. S. Jt s roots , R, 
are !':ti ll in the clays, U, in which they grew, which are now 
breit-ned to rock. 

c o mpl e te 
form, cell by 
ce ll. It is 
fr o m these 
stone plants 
that we learn 
what th e 
plants of the 
coal were 
like. Some
timeswe fin d 
great trunb 

of trees standing petrified together in the positions in 
which they were growing, with their roots twining round 
one another, and entering the muddy soil on which they 
lived. Sometimes such tree-stumps stand up through 
the coal-beds and rocks which must have been deposited 
all round them (see fig . 153). We find also leaves and 
stems, cones and seeds , in the stones, till we can build 
up completely the form and life history of several of the 
plan ts which were then living. But in all the wealth of 
material which has been found, no flowers have ever 
been discovered. The seeds seem to have belonged 
to ohmts of the nin e-tre", familv . so th~t th",sf'. olrl fnrf'.sts 
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" 'e re without anv of the plants whi ch are to-da,' the 
most important family of all , that is, the fl owering phllts. 
They lived so long ago th at fl on'ers had not come into 
existen ce by that tim e. 

Another ' stran ge thing about these forests is , that 
although there were great trees in thl'm , they were Ilot 
like those of our prese nt forests. To-d"y our trees arc 
chi eAv flowerin g plants, such as oaks, lim es, and beec hes ; 
but th e giants of these an cient forests were club-mosses 
and horsetail s, plants belonging to the fern tribe. Their 
descendants, the club-mosses and horsetails growin ?, 
now, have degenerated , and are humble plants not 
more than a few feet high at th e most, alld always of 
litll e rea l importan ce in th l' landscape. 

The tru e ferns th en li vin g seem to have been more 
like those of the present, though perhaps a litlle larger 
and more important. In the familv of ferns then livin g 
were some with strange histories, and among th e ferns 
which you may find in the stones some leaves may have 
belonged to a plant whi ch was truly a "missing link " in 
the history of plants, and helps us to see the relation
shi p between ferns and pin es. 

:M any and stran ge are th e tales the fossil plants can 
tell us of the liie in the forests when the coal was made, 
and just as, in the moors, only those moss- plants which 
were turned to stone will still be there after cent uries 
have gone by, so it was in the old coal-forests that only 
the plants whi ch were turn ed to stone remain to tell us 
their story to-day. For this reason our knowledge of 
the forests of long ago is not complete; but even now it 
is enough to tell us something of th e life of the plants 
which were then doing the food-building work of the 
world. Though the individual plants were so different, 
the "associations" were in a general way the same as 
those now living. Great trees t:_eared their heads into 
the air, and below them, or climbing round and over 
them, the smaller plants found place long ago as they 
do to-da". 
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PHYSICAL GEOGRAPHY AND PLANTS 

I F we examin e the pl ~ llts of allY district, we find that 
a number of outside influences affect them very greatly. 
The most important of these are th e physical geography 
and geology of th e place. Th e form and nature of th e 
rocks and soil , as well as the climate, haye a great effect 
on the plants growing in anv spot. 

You can see this in an extreme case if you imagine 
yourself up in a balloo n looking down on England as on 
a map. In certain places you see lakes, that is to say, 
the rocks and soil are so arranged thai they form a bas in 
and hold the water permanently there. Now in a lake, 
as you know, only water-plants will be growin g, so that 
the presence of a fairly deep and constant lake makes it 
quite certain what kind of plan ts must grow in that spot. 
Imagine an earthquake or some slower earth-movement 
which is strong enough to change the rocks so that the 
water all nlllS away, and the result is that there will be 
dry land in the same spot where before was the lake. 
This will cause the water-plants to die sooner or later, 
and land-plants will replace them. 

There is continual change in the arrangement of lakes 
and rivers, hill s and shores, which takes place all around 
us, but so slowly that we do not notice it. It is slow, 
and therefore there is not a sudden killing off of anyone 
kind of plant, and a rapid incoming of a different set 
of plants, but it causes a gradual shifting and moving of 
the groups among themselves. Sometimes there may 
be some swift and sudden change, as the result of a 
landsfip or volcano, or in a stream or lake which has ,8, 
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been artificially drained, which sllDws us a very guud 
ubj ect-Iesson in plant geography. 

The imporLln ce of th e phvsical form of any place, 
howe\'er, does not only lie in the posit ion of its lakes and 
streams and the size of its hills. The kind of rock, and 
nat ure of the soil covering the rocks, are very important, 
as \I'cll as the many other detail s of the land. 

In England there are no vcry high mountains, so that 
you cannot stud\' the effect of great heights on plants, 
but all the same England affords quite sufficient oppor
tunity for th e study of phvsie-al geugraphY in its relation 
to plant-distribution. 

Even in t he cultivated fi elds, where man tri es to help 
the plants to overcome their surroundings, you will find 
the influence of the soil is very largely felt. Ask any 
farm er ;}bout his Jand, and he rnav tell ,'ou that a certa in 
one of hi s fields is speciall\' good for 'potatoes, another 
for barley, or that in a village a few miles away th ey can 
grow splendid crops of st rawberries , while his are not 
"'orth the planting. Then think of the different kinds 
of plants for which the different counties of En gland 
are noted. No one could get the produce of the cherry 
orchards an d hop-gardens of Kent to grow on the York
shire moors. Nor do we find acres of heat her moor on 
the downs in the south of England, btlt instead there is 
a short turf with many little fl owers which love the 
chalk and limestone, such as the blue and white poly
gala, rock roses, and several small orchids. 

Now what is the difference between the north and 
the south of England? It is chiefly one of rock and 
soiL On the Downs in the south you find a thin coating 
of brown earth over thick masses of white chalk through 
the surfacf\ of which the water supply quickly runs, so 
that we get few streams or bogs. In the north th e hills 
are built of coarse sandstones, hard grey limestones, and 
fine black shales which hold much water, so that there 
are many swampy places and innumerable streams and 
little waterfalls. Then , again , the land in the north of 
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Kent, which is so famous for its cherries and hops , is a 
rich, fin e clay, with a muddy and sandy soil, which 
centuries ago was the bed of a great ri ver, and now IS 

the most important factor in making Kent one of the 
most fertile parts of England. 

If we find that the influence of the physical nature of 
the land is so strong even in the case of cultivated 
plants, which are helped by man's knowledge, we shall 
expect to find that it is still more felt by the wild 
plants. 

Let us go, for example, to the moors east of Sett le, in 
Yorkshire, where you find the three kinds of rock, the 
hard limestone, coarse sandstone, and soft, black shales. 
If you walk across the moors, you will see that the prin
ci pal plants are heather, bilberry, and se\' eral coarse 
grasses, which grow in more or less irregular patches. 
If you notice the grasses carefully, you will find that 
they are of several different kinds, showing varieties in 
their size, fo rm of leaf, colour, and so on, and that very 
frequently the different kinds groI\' on the different 
types of rock beneath them. After a little experience, 
you will al most be able to tell \\" hat is the nature of the 
rock on whi ch you are standing by the appearance of the 
plants ilt your feet. 

1£ you live anywhere in the south of England, walk 
over some part of the downs till you see below you in 
the valley a clav-pit or pottery factory, which shows 
you that the chalk is no longer under the surface soil, 
but that it has been replaced by clay. Walk straight 
towards this place, collecting the plants you meet on the 
way. On the actual downs you will find many which do 
not grow near the clay-pit , since they are special chalk 
lovers. In the clayey valley it is very likely that you 
may find a pond; if so, walk towards it, noting all you 
pass on the way. As you get to the edge, reeds and 
bulrushes, water forget·ro e-not, tall spikes of water 
loosestrife, and roany others appear which you would 
have oeen astonished to meet with on the downs. 
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A vrry important factor also is the amount of rain 
which the district gets. Th is tells particularly among 
the ferns and mosses. Along the hedgerows of I, ClI t. 
for example. where it is rath er dry. true ferns will 
seldom grow. while in Devonshire every hedge and 
bank has many hundrt-ds of the common polypody fern 

FiJ!. 154. A rt:cently tonned pond in Delamcre with a rj.'ad fort; ... t w'e 
6talldmg up in th(', midd le. 

and the hartstongue. Vlrhen we corne. however. to con
sider on what it is that the rainfa ll depends we find th at 
it is the structure. size. and relations of the land masses 
to the sea and the winds. In fact , it depends on the 
physical geography of Englil.l1d as a whole. So that in 
the end t'ne plants and the physical nature of any place 
are so much in touch that it is almost impossible to do 
anything in the study of plant distribution without 
considering physical geography . 

Although the changes in physical geography which 
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made and unmake continents are slowly acting around 
us all the time. it is not often that we can clearly 
see them taking effect, Photos 154 and 155 are 
t herefore particularly interesting. f r they show one of 
the processes at work. Part of a forest is in the actual 
course of being killed by the pond which is formin g 011 

Fig. 155. A feet·ntly formed pond which has con'f t'cI a largl' a rt·a. of tht' 
fore~t and killt·d many of the tn..'t'S. N otice the dead trunk..., :.tandJl1g and 
Jying about, and the fu !>bes growing Dcar the edge, which would not han: been 
there but for the coming of the ,yater . 

sinking land, This pond and several smaller ones of 
the same kind can be studied in the neighbourhood 
of Delamere forest. in Cheshire. Here the under soil 
gets washed out in certain p laces. and the surface 
earth sinks and forms a hollow in which water collects. 
In fig. 154 you see one tree standing in the middle of 
the pond. It is dead. and has been killed by th!: water 
(you remember that ordinary plants are drowned by 
too much water) and in fig. 155 you see a large area 
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entirely covered with water. and the dt'ad trees stand
ing up through it. This pond is spreading rapidly. and 
is a good illustration of the reverse condition from that 
seen in fig. 144. where the plants by their g-rowth arc 
filling up a pond. The washing out of the soil and the 
collectin g of the water in this case was quite beyond the 
con trol of th e plants thernseh ·es. but they are supren1C'!\' 
affected by it. 
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PLANT-MAPS 

IN the last chapter we noti ce d a few of the many facts 
which show U$ \ hat a close relation exists between t11 '~ 
plants and the nature of th e land on which they grow. 
W e Illay now try to express th ese facts in a simple way 
by making maps of the land according to the plants 
growing on it. 

There are map~ of the whole of England, made by the 
Government, whi ch show all the roads and houses, the 
chi ef rocks, hill s, ·ponds, and so on. The geologi$ts 
ha\'e tak en these maps and added to them detai ls of the 
kinds of rock and soil of whi ch the land is built. If 
now we take fresh copies of the " ordnance" maps, as 
they are called, and Dut on them all the plants growing 
in different aSSOCIatIOns, we can compare the resulting 
" plant-maps" with the land-maps 01 the geologists, and 
I think you will be surprised to find how much the 
plant-maps and land-maps correspond. 

To do this on a large scale, however, is far too big 
a piece 01 work for one person, or a few people, to 
attempt. We can only do some small piece of work on 
one area which \\'i1l show how the rest is done, and 
yield some interest ing details. 

Let US suppose, for example, that the moor east of 
Settle is to be mapped. First get an ordnance survey 
map on a large scaIe-25 inches to the mile is the best, 
but the 6 inches to the mile will do. On the map are 
marked all the walls, streams, and even some of the 
bIgger trees, so that it is easy to find on it the exact 
spot ""here you are standing. For working you should 
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cut (he sheet up into at least eight pieces, of regular 
size and shape, and lise one of these at iI tillle in the 
field. 

First get to know the p"rt YOU arc to \\"llrk 0 11 Llkr 
in a general \\'ay, noting (h e chief plan(s and ill what 
\I'ay th ey are associated. 

Be carefu l in working to keep vour sheds in regu lar 
order, and hegin with the one at the bott om Idt- h.II ,d 
corner of the whole Illilp. Find the eXil c t , pot on th" 
ground whi ch is represented by the point of the bott om 
left-hand corner of VOUf first sheet, and put a whit e 
stake into it at least t\\'o feet high i it is bett cr if you 
add a little red and whi te flag, so thal _I 'ou can seC' it 
from a distance. Then find each of the other fum 
corners of your small sheet, measuring (h e distanc(' from 
a wa n or tree if need be, and pu t in each a wh ite ~tak (:' 
similar to that marking the first corner. If VQur map 
is on the 25-inch scale, and you have cut it int o sixteen 
equal pieces, you will find t hat the area staked out on the 
grollnd represented in one piece is not so large but thai 
YOll can see over it , and by walking about within it, get 
all the features of the plants growin g there mapped out 
on to your sheet. In studying the diff~re nt patches of 
plants , you will find that, as a rule, in each there is one 
important plant which grows in great numbers, while 
there are many more scattered and less important species 
growing with it. Su ch patches of plants growing to
gether may be called Associations, and in mapping \1'1.: 

only pay attention to the chief of these. In a patch 
where cotton-grass is the most conspicuous thing, there 
may be also half a dozen small grasses and plants grow
ing with it, in which case everything but the cotton 
grass would be ignored in the mapping, and the associa
tion cal](;d the" cotton grass" association . Similarly, 
a patch \\'here heather is the most important plant would 
be calh:d the heather association. Sometimes you may 
find two or more plants growing together which seem 
to share the area between them, so that it is impossible 
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to tell which is the chief one; in such a case where, for 
example, heather and bi lberry are apparently equa lly 
important , the association would be described as 
" heather-bi lberry." For the sake of reference, li sts 
should be kept of all the plants of less importan ce 
growing in the associat ions, though they are ignored in 
the m:lpping. 

At the begin ning it is wise to go over the area and 
tind out roughly how many chief associations there are 
in it, and to make out a list of them. Then choose ei ther 
a colou r or a sign to represent each of them in the map
ping,-a colour will generally be found to be clearer and 
more effective in the finished map, though a sign is verv 
useful for the fi eld-work. -

When all these preliminaries are finished, begin the 
actual mapping by going very carefully O\'er the different 
patches in the staked-out area of one piece of the sheet. 
From the details already printed in the ordnance 
survey map, you will generally be able to find the exact 
posi tion of the patches of plant associations (unless they 
are very small, when they must be ignored) , and you 
should soon be able from the help of the given details 
to fill in the shape of the patches by the eye. If in any 
case this is difficul t, a S-foot rule and a string of 20 feet 
or 30 feet marked out into 5 feet and I foot lengths wi ll 
be found very useful. From the actual measurements 
you will then get, it is easy to find how much will repre
sent them on the map by the simple sum :-1,760 actual 
yards are represented by 25 inches on the map, so that 
16, 10, or whatever number of feet you require will 
be represented b 25 in. x 10 in. or 25 in. x 16 in. and 

y 1,760 x 3 1,760 x 3 
so on. 

Do all your field-work in pencil, and take notes in a 
"field-book" as you go, so that you will be able to copy 
out a neat,. correct map at home in which to colour in 
the associations and outline the patches with waterproof 
ink. _When one of the sheets is done in this way, stake 
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out the area for the next, and so on, till Vall have all the 
shee ts fini shed, Then paste them togethC:T "gai n on a 
piece of muslin in their proper order, and YOll wi ll h;I\'c 
a compl ete" plant-map" of one defi nite, tholl,~h small , 
area, This can be easi ly compared with a geolop:ical 
map of the same area, though the geological one will k 
on a rather small er scale (best 6 inches to the mil e), and 
vou will set: ho\\' the patches of plants {req ucn tlv (olin\\! 
the arrangement of the rocks, This does not show so 
clearly on too small an area; the larger the district YOll 

can cover the better. 
To "'ark from an ordnance su n 'ey map i" the eas icst 

"'ill' of proceeding, hil t if yOll like to combine the plant 
study with a little simple sun'c)' work, it is quik possible 
to make the map from th e ,'uy beginning, TIJi, is not 
generally worth the trouble, except in cases wherc you 
find a rich and interesting area wh ich ,\,ould repay very 
careful mapping Oli a la r,~er scale than the survcv haye 
pllbli:;hed, F or example, it would be a ycry good plan 
to choose some small area, and in it sta ke out exactly 
100 feet sq uare, Along the sides plant small er stakes 
e,'e ry 20 feet, and map all the details very carefully on 
to mathematical paper on the scale of either 5 in ches or 
better, 10 inches to 100 feet. Su ch an area 1V0uld well 
repay the trouble of repeated mapping at different times 
of the year. If you have a series of maps of th e exact 
area every two months, for example, you will be able 
to see from them very well the succession of plants 
throughout the year, and how the associations change 
according to the seasons, 

Another thing that should go with the mapping is the 
plotting out of " sections" through the irregular land, 
which will show clearly how freq uently the plants 
growing 011. any spot are determined by the level of the 
spot and its consequ ent relation to the water supply, 
The most striking case of this ki nd is that of a section 
through a pond or stream and its ban ks, Unless you 
have a boat at your service, you will have to choose a 
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stream where two people can meet across it from the 
banks, or else content yourself \\'ith going out only as 
far as YOLl can wade. 

T o begin the "section" VOLI shou ld choose a good 
place where there seems to be plenty of variety in the 
plants; th en fix a strong stake into the wate r as far out 
as you intend to go, tving on to it a string measured 
ou t into I·foot di"isions. This string should be 20, 30 , 

+~l"I""'-'WJ. . 
....... ~~~. 

\)~~~",.j."\Il.ttd. 

~- ~6V'O/W~...J-

· r b~. 
~ . 
II 'kch .. w'R..W I , . 

I~. 

F ig. 150, :\" !lection 0, of the edge of a pond plotted out on m:lthematica! paper, a-b, thl' 
level of the Waler. A-B, a line p:lrallelto it, marked by a measUI"ed string fastened to stakc:., 
from which the measurements are taken . 

or more feet long, according to the kind of edge the 
pond has, and its other end should be fastened to a stake 
also .. 

Take the dry land where ordinary land-plants are 
growing as your starting-point, and fasten your string 
to it, as in (B) fig. 156, making it level on your stake in 
the water (A) if possible, so that the same string can be 
used to take measurements and levels from. 

As you work measure the actual distance aloll/! the 
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string, and the tiet'I! from the string of each I'.,ridy ,,{ 
plants, and where there are few, of each illdi\' idu :!1 
plant c rossed hy the string. \\'hcn YOIi come to pilltlill ,l.! 
this out on mathenuticall"'1'cr yo u \\'ill reqllire to redlll'l' 
the scale bY lett in g h,'o ~ll1a ll squares of thc paper re ' 
present an act ual foot, or whatever seems to he COil 

\"enient. Th en froll1 your actual mca~ lIr(:nl e nb ' ·O ll l oal1 

soon plot out a "section" of the ponci, e,g" i,', ac tu ,d 
measurements till.: bulrushes \\'ere gro\\'ing I fn nt helol\' 
the water suriace, that is, +} fed belo\I' tI,C li"l'c1 JeI'cI, 
anci th e first was 6~ feet distant from th e st:lke ill ti l( 
watcr. In plotting you shou ld represent th e ;letual 
plants by symbols or simple signs, as is dOlle in the fi gure, 
so as to be able to see at a single glance ju st hoI\' cI'cry· 
thing was arran,gcd. Note al so th c ICI'c l of the surface 
of the II'ater, which yOIl m',,' choo,;" as your working 
level if you prefer it to the line gi\'cn hy A-B. 

From this "OU I\'ill see very clearly ho I\' extremelv 
important is the amount of water in determining what 
kind of plant is gro\\' in g in any give n spot. 

After havi ng done these small pieces of mapping, 
other problems will suggest themsdves to you, and YOll 
Il'ill find that the work of making maps and plans o f 
the plant s is more than repaid by the facts you find out 
from the plants them,e!ves, and the insight you get into 
some of the rules which guide the pl ants in their choice 
of the ir homes. 

( 1L 



CHAPTER XXXVI. 

EXCURSIONS AKD COLLECTlKG 

WIIE~ you plan an excursion do not take ,'our collecting 
tin and a " Flora" in which to look up the names of ,ti l 
you find, and then imrlgine that you are fully prepared 
for a day's botanising, It is, of cours!::, a very usdul 
thing to learn the nam es of the Rowers you find , because 
you cannot even speak of a plant if you do not know its 
nilme. but the 1/Iere naming is in reality the least interest
ing and important thing about them, as you will kn ow 
if you haye followed the study of plants in the way 
suggested in this book. 

III arrangillg all excursion, or what is far better, a 
series of excursions into tbe country, the '/I'/Ost imporlallt 
tiling to ilaz'c is a plall of action. Do not wander aim
lessly in the woods, attracted from side to side by all 
that comes in your way j choose rather some special set 
of things to coll ect and study, If there are se\'eral of 
you together, then each one should have a particular 
subject about \\'hich to make notes an d collections j then 
afterwards all the mem bers of the excursion party should 
meet together and compare th eir results, an d show each 
other any interesting specimens obtained. 

Each person should be provided with :-A tin coll ect
ing-box, a strong knife or digger, a note-book, pencil , 
and magnifying-glass, some string, an d a fine knife. 

In case you find it difficult to decide on special things 
to do, here is a list of a few of the many suitable subjects 
which may be chosen. The list is not at all complete, 
but it may give you a few ideas at the beginning of 
your field-work~ 

' .. 
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I. J n the early spring, study particularly all the plants 
which are flowering. Dig up complete specimens of all 
the smaller plants, and notice how many of them have 
some special means of storing food underground through 
the winter, such as bulbs, tubels, and so on. This stored 
food makes it possible for the flowers to bloom before 
thee leaves have done any work, a thing which would be 
impossible in the case of ordinary young plants. Our 
" early" spring flowers are really late flowerers, as they 
bloom on the result of the food made in the previous 
year. Make drawings, or press a series of these. 

2. Collect buds and opening buds, getting series of 
scales from the outer hard ones to the inner developed 
leaves, and press them. 

3. Notice, and make sketches of, the different ways in 
which leaves are folded in buds: the fan-like beech, 
the coiled fern, and so on. 

4. Collect seedlings; notice specially those of trees. 
Study the form of their earlier leaves, which are gener
ally simpler than the mature ones. 

5. In summer, collect as many forms as possible of 
full-grown leaves. Compare and classify them accord
ing to their nature and shape: those which are simple 
or compound, and then in more detail. Dry and mount 
a series of representative ones. 

6. Study very particularly flowers in relation to their 
insect visitors. For thIS it is better to remain a (ong 
time in one placeJ so that it is not so good for a general 
excursion, but is splendid if you can get off for an early 
excursion by yourseli, -or with one or two companions.-

7. Make collections and lists of all climbing plants, 
noting by what means they climb. 

S. Keep a list for the whole year of the colours of the 
flowers as they come out, noting in general which are 
the most characteristic for the different seasons. 

9. Collect fruit s, and arrange "them according to the 
way they scatter the seeds. . 

10. When the leaves are falling, notice whoe,re they 
(cillO) 
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break away, and what form of scars they leave. In the 
case of compound leaves, whether they fall off whole or 
in parts. 

I I. Collect series of plants which are growing together 
in different places, e.g., those in a woodland glade, those 
at the edge of a pond, those on a sandy hill, and so on. 
Dry them by pressure between sheets of paper, and 
mount them, noting how their forms correspond to their 
surroundings. 

I2. Go to the same spot in a wood in spring, summer, 
autumn, and winter; make notes and drawings of what 
you see each time. In the spring there will be a carpet 
of flowers under the bare trees, note what happens in the 
summer, and later on. 

These suggestions are only a beginning, and special 
problems will arise of their own accord in connection 
with the work you are doing, till you find that the real 
excursion becomes the most interesting and important 
part of your work. If we go to the plants themselves 
and ask them to teach us, they will never fail to give 
us the chance of learning lessons of ever-increasing 
interest. 
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the figures 

A 
ABSORPTION by roots, 33, 21 , 22 
Adventitious roots, 56,40,57,41 
A1cohol,24 
A1gre, 141 
Algae in ditches, lSI 
Algae in the sea, 143, 134, 173 
Ampelopsis, loB, IDS 
Animals eaten hy plants, II4 
Animals, life of, 3, 7 
Anther, 80, 81 
Assimilation (see Food building) 
Associations of plants, 152, 189 
Alril of leaf, 75, 66 

B 

BACTERIA, 144 
Bean seeds, 8,3, 9, 4 
Bean seedlings, 10, 6, II, 7 
Bean seedlings grown in dark, 

38, '7 
Bean seedlings, growth of, 41, 

.8 

Breathing of animals, 6, 2 
Breathing of plants, 5, I , ~ 
Breathing pores, 96, 96 
Broom, 62 
Broornrape, IJ3, 109 
Buds, 72 
Buds of fern , 134, u7 
Buds of horse chestnut, 72, 6., 

63 
Buds, overlapping scales of, 73, 

63,64 
Bud scales, 74, 65 
Bud scars, 75, 66 
Buds of sycamore, 75, 66 
Buds, unfOlding 01, 7', 6, 
Bulbs, 77, 68 
Bulrushes, 151, 138 
Bulrushes, rhizome of, 161, 143 
Bur, fruit of, 90, 86 
Buttercup, flower of, 82, 76 
Buttercup, water-, '59,141 
Butterwort, 115, 1 r~ 

C 

Beech leaf, 65 CACTqS, 2, 62, 48, 99 
Bees and fl owers, 119 . ~ _ ctIlcitlln phosphate, 15 
Bidens, fruits of, 90, 87 Calcium sulphate, IS 
Bilberry, '54 Calyx, 79,70 
Bladderwort, II6, 1I3, II4 Canadian water-plant, 21, 13 
Bladderwr'lck, 144, 135, 173, Pl. Capsule of moss, '39, 13 ' 

VII. Capsule of poppy, !!g, 85 
Bog-land, I S6 Carbon, 19, 23 
Bracken fern, 133, Pl. I . Car.!x>nic acid gas, 6, 19, 24, 27 
Bramhle, 63, 49 Carex, 166, 146 
Bread, starch in, II Carpel, 8., 76, 77, 78 
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Carrot, 55, 38 
Caustic potash, 20, J ~ 
Cells, 92 , 91 
Cherry flower, 82,78 
Cberry fruit, 88, 8. 
Cherry leaf, &f, So 
Cherry leaf arrangement, 69, S8 
Cherry stipules, 64, So 
Chlorophyll, '7. 24, 27 
Circulation of water, 28 
Climbing plants, 104 
Climbing assisted by roots, 106, 

101 
Climbing by tendrils, 107, 104, 

108,105 
Climbing by twining stem, 106, 

102, 107, 10j 
Clover attacked ,by dodder, 1I0, 

106, 107 
Club-moss, 137 
Coal, 153, 178 
Collecting, 194 
Colour of petals, 80 
COlles of pine, 127, 128, 123 
"Control plant," 16 
Convolvulus, twining of, 106, 102 
Cork,95 
Cornflower, 121, 122 
Cotyledons of beau, 9, 4 
Cotyledons of pine, 129, '30, 126 
Cotyledons of rose, 66, 54 
Cow-wheat, 113 

D 

DAHLIA, roots of, 56, 39 
Daisy, Bower of, 121,121 
Dandelion, fruit of, 88, 83 
Darkness, effect on growth of, 

38,27 
Dead nettle, 68, 56, 149, 137 
Deserts, 100 
Dicotyledons, 126 
'Distilled water, 15 
Ditches, 150 
Dodder, lIO, 106, 107 

Downs, 183 
Duckweed, '51 , I.JP, ,61 
Drowning, of trees, 185, I5~ 

I55 
E 

ELDER tree, twig of, 96, 96 
Elodea, 21, IJ 
Embryo, 9 
Excursions, 194 
Eyebright, 113 

F 

FERNS, bud of, '34, 127 
Ferns, family of, 133 
Ferns, fossil, '79, I53 181 
Ferns, protballium of, 135, 129 
Ferns, spore-cases of, 135, 128 
Ferns, "sporeling" of, 136 
Flowers, 78 
Flowers in relation to insects, 

118 
Flowering family, 125 
Food-building in leaves, 23 
Food materials, 14, 18 
Food solutions, 15 
Fossils, 179,151 
Fossils, tree, ISo, 153 
Foxglove flower, "9. II7 
Foxglove in hedges, 146, PI_ IV_ 
Fruits, 86 
Fucus, (see also Bladderwrackl, 

173, PI. VII. 
Fungi,I09 
Fungi, spores of, 143 
FWlgi, structure of, 142, I33 

G 

GOOSE-GRASS, leaves of, 6<), 60 
Goose-grass, fruit of, 90, 87 
Gorse, 102, 99 
Gorse, flowers of, ZI9, II9 
Grass, leaves of 66 
Grass, roots of, 54, 37 
Gravitation, 44 
Growth,40 
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Growth, direction of, 41, 29, 43, 
30 

Growth, region 01, 40, 28 

H 

HAIRS, 96 
Harebell, 78, 69 
Heather, 154 
Hedges, 147, PI. IV. 
Holly, 54, 36 
Honeysuckle, leaves of, 68, 57 
Hop, 106 
Horse chestnut, buds of, 72, 62 
Horsetail, leaves of, 69, 59 
Horsetail, family of, 137 

INDIARUBBER tree, leaves of, 31, 
20 

Insects and flowers, 83 
Iodine, II 
Iron chloride, 16 
Iron, importance of, 17 
I vy, adventitious roots of, 56, 40 
Ivy. climbing of, 106, 101 
Ivy as host plant, 1[2,109 
Ivy, leaves of, 65 
Ivy, position of leaves of, 37, 26 

L 

LAKE or pond-maps, 193 
Lamina of leaf, 64, 50 
Laminarias, 175, 149 
Larch, branching of, 59, 44 
Larch, family of, [27 
Larch. seed-scales of, 128, 124 
Larch, tufts of leaves of, 76, 67 
Lea\·es,64 
Leaves, arrangement as regards 

light, 36, 25, 37, 26 
Leaves, arrangement on steJD,68 

Leaves, compound, 65, 51 
Leaves, form of, 14, 50 
Leaves, II Mosaic," 37 
Leaves, no growth without CO, 

20 
Leaves. simple, 64, 50 
Leaves, veins of, 67, 55 
Lenticels of, 96, 96 
Life, signs of, 4 
Light, 35 
Light from one Side, 35, 23, 36, 

24 
Light, influence on position 01 

leaves, 36, 24, 2S 
Light, influence on size of leaves, 

38,27 
Light, influence of, in formation 

of starch in leaves, 24 
Lime-tree, stem of, 94, 95 
Lime-water, 6, 2) 20, 12 
Linear leaves, f() 
Liverworts, 140, 13.1 
Louse-wort, 113 

M 

MAGNESIUM sulphate, [5 
Maize, seeds of, la, 5 
Maize, seedlings of, 10, 5, 13, 8 
Maps 01 plants, 188 
Marram grass <see Sandgrass}, 

166,145 
Marsh samphire, 168, 148 
Mistletoe, 112, 108 
Monkshood, 119, lIB 

. Monocotyledons, 126 
Moorland, 153,140, 184 
Moss, '38, 130 
Moss in bogs, 156 
Moss, capsule of, 139, 131 
Moss, spores of, 140 
Movement caused by Ught, 36, 

2'f. 
Movement of minute plants, 48 
Movement of sensitive plants, 46, 

33,34, 3S 
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Movement of plants in sleep, 46, 
32 

Movement of tendrils, 45, 31 

N 

NASTURTIUM, movement of 
leaves, 36, 24 

Nasturtium, shape of leaves, 65, 
52 

Nasturtium , twining of petioles, 
107, 103 

NeecUe leaves, 66, 53 
Nepenthes, II? , Il5 
Nitrogen, 19 
Nucleus of cells, 92, 9' 
Nurse leaves (see Cotyledons) 

o 
OAK, branching of, 59, 43 
Orchid, roots of, 57, 41 
Ovate leaves, 65 
Oxygen, 19, 21, 13, 2~ 

P 
PALM, 57, 42 
Palmate leaves, 66 
Parasites, 109 
Pea· flowers, 86, 80 
Pea-fruits, 87, 81 
Pea-pod (see Pod) 
Pea-tendrils on leaf, 107, 104 
Pea-tendrils, movement of, 45,3I 
Peat, 155, 179 
Peltate leaves, 65, 52 
Petals, 80, 12J , 121, 122 
Petiole, 64, 50 
Petiole, twining of, 107, 103 
Physical geography, 182 
Pine-cones, 128, 123 
Pine-family, 127 
Pine-leaf 66, 53 
Pine-seeds, 1:.19, 125 
Pine-seedlings, 129, 126 
Pitcher plants, 1'7, II5 
Plantlltion of trees, 155 

Pod of pea, 87, 8I 
Pollen, 81, 120, 127 
Pollination, 83, lI8 
Pollination, arrangements to en · 

sure cross-, 120, 120 
Pond-maps, see Lake 
Ponds, 159, PI. V. 185, '54, 155 
Poppy, PI. II . 
P oppy capsule, 89, 85 
Pores giving off water vapour, 3 ' 
Pores in stems, ¢ 
Potassium iodide, II 
Potassium nitrate, IS 
Potato, starch in, II 
Potato, underground stem of, 6,. 

47 
Primrose flower, 80, 72 , !4, 79. 

120, 120 

Prothallium, 135, 129, 139 

R 

RECEPTACLE of flower, 82, 76, 78 
Reeds, 162, 144 
Rhizome, 61, 46, 161, 143 
Rice, starch in, J I 
Roots, adventitious, 56, 40, 57, 41 
Roots, entrance of water into, 33, 

21,22 
Roots, forms of, 54 
Root-hairs, '3,8, 15,9 
Root pressure, 34 
Roots of seedlings, 9 
Roots, stilt-, 57, 42 
Roots, storage in, 55, 38, 56, 39 
Roots, uses of, 53 
Rose, flowers of, 79, 70, 71 , u 8, 

1I6 
Rose-leaf, 65, 51 
Rose-seedling, 66, 54 
Runners of strawberries, 63 
Rushes, 162, 144 

S 

SALTS, 14, 17, 27 
Sandgrass (see Marram), 1M, 100, 

165. 145 
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Sea, 174 
Sea holly, 168, 147 
Seaweeds, 143, 134, 135, 173 
Seaweeds, colour in, 176 
Section of pond, 192, 15-1-
Section of stems, 93, 92 
Seedlings, bean, 10,6,40, 28,29 
Seedlings, grass, 35, 23 
Seedlings, maize, 10,5, 13,8 
Seedlings, pine, 129, 126 
Seedlings, rose, 66, 54 
Seeds, 86, 125 
Seeds, bean,S, 3,9,4,10,6,91,89 
Seeds, dodder, III 
Seeds, larch, 128, I24 
Seeds, maize, [0,5, 9' , 90 
Seeds, mistletoe, IlZ 
Seeds, pine,. 129, 125 
Sensitive plant, 47, 3J, 34, 3S 
Sepals, 78, 69 
Shore, 165, PI. VI., 176, 150 
Skin of leaf, 95 
Skin of seed, 9, 3 
Sleep of plants, 46, 32 
Sodium chloride, 15 
Solomon's Seal, 61 , 46 
Speedwell, 80,73 
Spines of cactus, 62, 99, 97 
Spines of gorse, 102, 99 
Spores, 135, 139, '40, 142 
Stamens, So, 72, 73, 81, 74 
Starch, II , 12, ::n, 23 
Starch formed in leaves by sun-

light, 24 
Starch stained by iodine, II 
Starch stored underground, 26 
I:ltellaria, 59, 45 
Stems, 58 
Stems bending again to earth, 63, 

49 
Stems, bran t hing of, 59 
Stems, breathing pores in, 94, 96, 

96 
Stems, fleshy, 62, 48 
Stems, sections of, 93, 92 
Stems, twining, 106,102, lID, [06 

Stems, underground, 61, 46,47 

Stigma, 83 • 
Stipules, 64, 50, 5f 
Stone-crop, 102, 98 
Strawberry fruit , 90, 88 
Strawberry runners, 63 
Sundew, J14, ITO, lIS, III 
Sunflower, I, 2 
Sunflower stem, 94, 93, 94 
Sunlight. oxygen given off in, 21, 

13 
Sunlight helps to form starch in 

leaves, 25 
Sweet pea {lower, 86, 80 
Sweet pea fruit, 87, 81 
Sweet pea leaf and tendrils. 45. 

31,70,61 
Sweet pea seed, 81.' 81 
Sycamore, buds 0 , 75, 66 

T 

TENDRILS, movement of, 45, 31 
Tendrils part of leaf, 70, 71 
Tendrils assist climbing, 107, 104, 

108, 105 
Tissues, 93 
T oadflax, 148, 136 
'l'oadstool

l
'42 , 133 

Transpira ion, 31 
Traveller's Joy, 147 
Tree ferns, 133, Pl. III_ 
Tubers, 61. 47 
Tulip bulb, 77, 68 
Tulip carpels, 82, 77 
Tulip flower, 81, 75 
Tulip stamens, 81, 74 

V 

VARIEGATED leaves, 26, 16 
Veins of leaf, 67, 55, 95 
Vine, 33 
Viol:t, 84, 79, II9, lIB 

w 
WATER, 12, q 
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• Water, circulation of, in plant, 
.8, 34 

Waler, entry into plant by roots, 
33,21,22 

Water given off by leaves, 28, 17, 
30, 18, J9, 20 

W ater, protection against loss of, 
99 

\Vater stream in plants, 28 1 34 
Waler vapour, . 8, 17,3' 

Water-buttercup, J 59, 141 
Water-lily leaves, J 60 
Water-lily, se~tion of stem of, 93. 

92 
" Water-pipe" cells, 94, 97 
Whorls of leaves, 69, 59 
WhorLieberry, 62 
Willow herb, 89, 84 
,Vind, 154 
Wood-sorrel, sleep of, 46, 32 

L lSI'. { \ 1, '( 


	00001.jpg
	00002.jpg
	00003.jpg
	00004.jpg
	00005.jpg
	00006.jpg
	00007.jpg
	00008.jpg
	00009.jpg
	00010.jpg
	00011.jpg
	00012.jpg
	00013.jpg
	00014.jpg
	00015.jpg
	00016.jpg
	00017.jpg
	00018.jpg
	00019.jpg
	00020.jpg
	00021.jpg
	00022.jpg
	00023.jpg
	00024.jpg
	00025.jpg
	00026.jpg
	00027.jpg
	00028.jpg
	00029.jpg
	00030.jpg
	00031.jpg
	00032.jpg
	00033.jpg
	00034.jpg
	00035.jpg
	00036.jpg
	00037.jpg
	00038.jpg
	00039.jpg
	00040.jpg
	00041.jpg
	00042.jpg
	00043.jpg
	00044.jpg
	00045.jpg
	00046.jpg
	00047.jpg
	00048.jpg
	00049.jpg
	00050.jpg
	00051.jpg
	00052.jpg
	00053.jpg
	00054.jpg
	00055.jpg
	00056.jpg
	00057.jpg
	00058.jpg
	00059.jpg
	00060.jpg
	00061.jpg
	00062.jpg
	00063.jpg
	00064.jpg
	00065.jpg
	00066.jpg
	00067.jpg
	00068.jpg
	00069.jpg
	00070.jpg
	00071.jpg
	00072.jpg
	00073.jpg
	00074.jpg
	00075.jpg
	00076.jpg
	00077.jpg
	00078.jpg
	00079.jpg
	00080.jpg
	00081.jpg
	00082.jpg
	00083.jpg
	00084.jpg
	00085.jpg
	00086.jpg
	00087.jpg
	00088.jpg
	00089.jpg
	00090.jpg
	00091.jpg
	00092.jpg
	00093.jpg
	00094.jpg
	00095.jpg
	00096.jpg
	00097.jpg
	00098.jpg
	00099.jpg
	00100.jpg
	00101.jpg
	00102.jpg
	00103.jpg
	00104.jpg
	00105.jpg
	00106.jpg
	00108.jpg
	00109.jpg
	00110.jpg
	00111.jpg
	00112.jpg
	00113.jpg
	00114.jpg
	00115.jpg
	00116.jpg
	00117.jpg
	00118.jpg
	00119.jpg
	00120.jpg
	00121.jpg
	00122.jpg
	00123.jpg
	00124.jpg
	00125.jpg
	00126.jpg
	00127.jpg
	00128.jpg
	00129.jpg
	00130.jpg
	00131.jpg
	00132.jpg
	00133.jpg
	00134.jpg
	00135.jpg
	00136.jpg
	00137.jpg
	00138.jpg
	00139.jpg
	00140.jpg
	00141.jpg
	00142.jpg
	00143.jpg
	00144.jpg
	00145.jpg
	00146.jpg
	00147.jpg
	00148.jpg
	00149.jpg
	00150.jpg
	00151.jpg
	00152.jpg
	00153.jpg
	00154.jpg
	00155.jpg
	00156.jpg
	00157.jpg
	00158.jpg
	00159.jpg
	00160.jpg
	00161.jpg
	00162.jpg
	00163.jpg
	00164.jpg
	00165.jpg
	00166.jpg
	00167.jpg
	00168.jpg
	00169.jpg
	00170.jpg
	00171.jpg
	00172.jpg
	00173.jpg
	00174.jpg
	00175.jpg
	00176.jpg
	00177.jpg
	00178.jpg
	00179.jpg
	00180.jpg
	00181.jpg
	00182.jpg
	00183.jpg
	00184.jpg
	00185.jpg
	00186.jpg
	00187.jpg
	00188.jpg
	00189.jpg
	00190.jpg
	00191.jpg
	00192.jpg
	00193.jpg
	00194.jpg
	00195.jpg
	00196.jpg
	00197.jpg
	00198.jpg
	00199.jpg
	00200.jpg
	00201.jpg
	00202.jpg
	00203.jpg
	00204.jpg
	00205.jpg
	00206.jpg
	00207.jpg
	00208.jpg
	00209.jpg
	00210.jpg
	00211.jpg



