
CHAPTER XVIII

HOW PLANTS BREATHE

Do plants breathe ? Yes. But if plants do not have

lungs as we do, how can they breathe ? There are

many animals which do not have lungs, as the

starfish, the oyster, the worm, etc., and yet

they breathe. Breathing in animals we call

respiration. So inplants breathing is respiration.

Respiration in germinating seeds. Soak a

handful of peas for twenty-four hours in water.

Remove them from the water and put them in

a bottle or a fruit jar. Cork tightly

or cover with a piece of glass, the

underside of which is cemented to

the mouth of the jar with vaseline

to make it air-tight. Keep it in a

moderately warm room for twenty-

four hours. Keep an empty bottle

covered in the same way. Light a

taper or a splinter, and as the cover

is removed from the jar thrust the

lighted end into the jar. The flame

is extinguished, Now light the taper again, uncover the
126

Fig. 156. Peas germinat-
ing in a closed jar.
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Test for starch in Indian corn. Split a kernel of

Indian corn and scrape out some of the endosperm or

meat. Place it in water and

test with iodine. What is the

result? Test grains of sweet

corn in the same way. What
is the result ? The starch in

the sweet corn was changed to

sugar and stored in the seed in

the forrp of sugar. The sugar

Fis. 146. Variegated leaf of grass beet is a rBservoir for food. It is

(white and green). , it..not stored as starch but as sugar.

Starch formed in green

leaves. Take a few green

leaves which have been in

the sunlight through the

day. Immerse them over-

night in a strong solution

of chloral hydrate in the

proportion of five ounces

of chloral hydrate^ to one-

half a tumbler of water.

This will remove the green

color and the leaves become
Fig. 147. Variegated leaf of aoutilon.

• Chloral hydrate can be obtained at the drug store, ten ounces for

about one dollar. More accurately, use eight grams chloral hydrate to

5 o.c. of -water.
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pale. Rinse the leaves for a moment in fresh, water.

Then place them in a tincture of iodine ^ made by dis-

solving iodine crystals in alcohol. In a few moments the

leaves become dark purple-brown in color, sometimes

nearly black, with a more or less blue or purplish tinge.

This is the color given to starch when it takes up iodine.

The experiment shows us that starch is present in the

green leaves which have been for some time in the light.

But if we should keep the plant in the dark for a

day or two, and then test some of the leaves we should

find no starch present.

Where starch is formed in the

variegated leaves of the coleus plant.

The leaf of the coleus plant is

variegated, that is, it has difEerent

colors. In this one which we are

to study, part of the leaf is green

and part is white, the green occupy-

ing the middle portion and the bor-

der, while the white forms a V.
figure between. We wish to know
which part of the leaf forms starch.

We will immerse some of these variegated leaves in the

strong solution of chloral hydrate overnight. Now they

Fig. 148. Variegated leaf of

coleus plant, in fresh con-
dition.

1 The tincture of iodine can be purchased at the drug store. Or
one-quarter ounce of the crystals of iodine may be purchased and a few
placed in alcohol as needed.

GAS WHICH PLANTS GIVE OFF 125

Now the carbon, hydrogen, and oxygen in the carbonic

acid do not hold on to each other very tightly. When
they get into the green of the leaf and the sunlight

flashes in, it drives them apart very easily, and they

hurry to form new associations or compounds which

the sunlight cannot break. Perhaps it is because they

hurry so, that the new associations they make are not

permanent ; at all events these are soon broken and

others formed, until finally the elements unite in such

a way as to form sugar in the leaf. The symbol for

this sugar is CeHiaOg. To get this it was necessary

for six parts of the carbonic acid to combine. This

would take all of the carbon and all of the hydro-

gen, but there would be twelve parts of oxygen left

over. This oxygen is then set free. From the great

amount of carbonic acid which is broken up in the

leaf under these conditions, a considerable amount of

oxygen would be left over and set free from the plant.

After the sugar is formed, one part of water (HgO)

goes out of it, leaving CgHioOg, which is the symbol

for starch.
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How this takes place in land plants. In the case of

land plants, the leaves of which are surrounded with

air, not water, the plant absorbs carbon dioxid. You
perhaps have been told that the air consists of about

tiventy-one, parts of djrifgen gas, seventy-nine parts of

rtxtxogen gas, and a very small fraction of carhon-dioxid

gas. The carbon-dioxid constituent is a chemical com-

pound ; that is, it is composed of two elements united.

There is one part of carbon and there are tioo parts

of oxygen, and it is written thus, CO2. The carbons

and oxygens hold on to each other very tightly, but

so soon as they come in contact with water they quickly

take up some of it and form carbonic acid. This

explains how the carbon dioxid in the air for the land

plants becomes carbonic acid in the water for water

plants.

Water is a compound composed of hydrogen, tivo

p^ts, and oxygen, one part, and its symbol is written

thus, H2O. As soon, however, as the carbon dioxid of

the air is absorbed by the leaves of the land plants it

comes into direct contact with the water in their cells,

and forms immediately carbonic acid, just as it does

when it dissolves in the water which surrounds water

plants. The symbol of the carbonic acid then is CH2O3,

since in the united compounds there is one part of car-

bon to every two parts of hydrogen and three parts of

oxygen.
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are almost entirely white, the chlorophyll having been
removed. We v?ill rinse them a moment in water and
then place them in the tincture of iodine. Those
portions which were green are

now quite dark, while the V-shaped

figure, or that part which was
white, remains white in the iodine

or does not take the dark color.

The green part of the leaf, then,

forms starch. We have now learned

that the leaf-green as well as sim-

light is necessary to make starch.

The leaf-green cannot make starch

in the dark, nor can the light make
starch in portions of a leaf which

have no leaf-green.

Starch is formed in the green leaf during the day, but

what becomes of it at night ? In the afternoon let us

cover a part of a leaf in such a way as to shut out the

light from that spot. Take two corks, place one on

either side of the leaf, covering a small circular portion,

and thrust two pins through the edge of one cork to

pin it fast to the other. From our former experiments

we know that at this time of day all parts of the green

leaf contain starch, so that the part covered by the

corks, as well as the uncovered portion, now contains

starch. On the following day at noon, or in the

riG. 149. Similar leaf after

green color is removed and
treated with iodine to show
location of starch.
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afternoon, we will take this same leaf, remove the corks,

and immerse it overnight in the strong chloral-hydrate

solution to remove the green color. Now we will rinse

it and place it in the tincture of iodine. The part of

the leaf which was

covered by the corks

does not show the

starch reaction, while

the other parts of the

leaf do. So it must

be that the starch dis-

piG. 150. Pumpkin leaves ; at left portion of appeared from the leaf
leaf covered to keep out sunliglit ; at right same . , , i.x^ ±.

leaf treated with iodine, no starch where leaf was at nigllt, tliat nCW
covered. , i t >

starch was made m
the parts exposed to the light, and that no starch was

formed in the part covered from the light.

When the starch disappears from the leaf where does

it go? Is it found in other parts of the plant not

exposed to the light? How does it get there, and

where does it come from? For what purpose is the

starch stored up in reservoirs?
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is necessary in making a fire so that it will consume
the wood, or coal, or other material.

The reason the glowing splinter does not flame in

the air is because the proportion of oxygen is not great

enough to ignite it.

But there is so much
oxygen caught in the

test tube from the plant

that the glowing coal Fig. ISS. The splmter lights again m the
presence of oxygen gas.

readily flames again.

How is the gas formed ? It is difficult to show here

just how this gas is formed, for a considerable knowledge

of chemistry is necessary to understand it thoroughly.

But perhaps you have learned about some of the chem-

ical compounds, as they are called, and how they some-

times change their combinations and associations. First

let us boil some water. When it is cool, put a water

plant in it and set it in the sunlight. No gas is givfn

off. This is queer behavior, you may say. But it

shows us that something was in the water which the

boiling drove off, and which is necessary for the plant

in order that the oxygen may be set free. This was

air and carbonic acid.^ If we introduce air and carbon

dioxid into the water, oxygen will soon be given off again

by the plant, since it can now absorb carbonic acid.

1 The carbon dioxid is here in the form of carbonic acid, since it ia

in water.
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The gas now, as it is given off from the water plant,

rises through tlie funnel and into the test tube where

it accumulates in the upper end and gradually displaces

the water. In several days so much gas has accumu-

lated that perhaps the tube is full of it and empty of

water. We are now ready to test for the kind of gas.

How to test for the gas. We wish now to bring a

glowing splinter into the end of the test tube before

the gas escapes, and without wetting the splinter in

water. We light

a long, soft pine

splinter and hold

it in one hand,

while with the

other we grasp

the upper end of

the test tube, which

should be freed if

it was tied down.

Blow out the flame

on the splinter,

leaving the coal

glowing. Quickly

lift the tube from

the water and thrust the glowing end of the splinter

into the test tube. It flames again ! The gas, then,

is oxygen, for we know that the oxygen of the air

Via. 154. Eeady to see what the gas is.

CHAPTER XVI

THE WORK DONE BY PLANTS IN MAKING STARCH

Plants do work. It seems strange that plants work

;

yet it is quite true. Some plants do a great deal of

work, and hard work too. Plants work when they
make starch, though, as we have seen, they cannot do
this work without the help of light.. But light, with-

out the leaf-green and the living plant, cannot make
starch. We cannot see the work which the green

plant does, but it is easy to see some of the signs which
tell that the work is going on. We must learn to read

the sign language.

How water plants tell of this work. Let us select

some water weeds, or leafy plants which grow in ponds,

lakes, or streams. A very good plant for this purpose

is the elodea, but when this cannot be found others

may be obtained which will serve quite as well. The
plants may be brought to the room and placed in a

bottle of water which is set in the window, so that they

will get the sunlight, or the brightest light which may
be had if the day is cloudy. In a very short time

bubbles of gas collect on the leaves, small ones at first,

but increasing in size until they are freed. Then they
115
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rise to the surface of the water. Some of the plants

should be placed in an inverted position in the bottle so

that the cut end of the shoot will be below the surface.

From this cut end of the shoot bubbles

of the gas come out more rapidly than

from the leaves. Most of the gas, it

is true, came from the leaves, but

there are air spaces all through the

plant between the cells, so that the

gas which is formed in the leaves can

pass out not only at tiny openings in

the leaf, but also through the connect-

ing spaces in the stems.

The more light there is the faster

the work goes on. If the bottles con-

taining these water plants are kept in

the window for several days, and there

is cloudy weather as well as sunshine,

you will notice that the bubbles of gas

come out more rapidly on a sunshiny

day than on a cloudy one. The more, light there is,

then, the more work the plant can do. This can be

told in another way. Remove the bottle from the win-

dow and put it in a poorly lighted corner of the room.

The gas is given off more slowly. Gover the bottle

with dark cloth to shut out all light. In ten or fifteen

minutes uncover it. The escape of the gas has ceased.

Fig. 151. The " tell-tale ','

bubbles rising from a

water plant.

CHAPTER XVII

THE KIND OF GAS WHICH PLANTS GIVE OFF WHILE
MAKING STARCH

How to catch this gas in a tube. We are interested

to learn more of this gas, and to know, if possible,

what it is. We can catch some

of it in a tube in the following

way. We will take the elodea

or some other suitable water

plant. Place it in a tall, wide

jar and invert a funnel over it

so that the small end of the

funnel will be under the surface

of the water. Sink a test tube

in the water, and then, without

bringing the open end of the

tube out of the water, invert it

and lower it over the end of the

funnel as shown in Fig. 153. Set

the jar in the sunlight and leave

it there for several days, arrang-

ing something to hold down
the tube in case it becomes full of the buoyant gas.

121

Fig. 153. CatoUng the bubbles
of gas in a test tube.
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and helps to make new living matter to replace that

which has been used up in growth or work.

The case with the plants is somewhat similar, though

their structure, of course, is very different. The starch

made in the green leaf is the solid food, though it is

not taken in by the plant in that form. It must be

digested and changed to a form of sugar by the action

of a juice (a ferment) in the life substance. Here it

meets other food substances absorbed by the roots.

Then by a process of assimilation similar to that which

takes place in our own bodies, new living material is

made.

So while plants and animals get their food by differ-

ent methods, and in different forms, it is finally made
into living material in the same way. The life sub-

stance of plants is the same as the life substance of

animals.
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Now place it in the brightly lighted window again.

The bubbles soon start up afresh.

Do the "pond scums" do the same kind of work?
Many of you have seen the green-looking " scum," as

some people call it, which floats on the surface of ponds

or on the water of ditches, and which is so abundant in

the spring and autumn. This pond scum deserves a

better name, for it is really made up of beautiful tiny

plants, often consisting of silk-like threads, which we
can see by lifting a bit of it from the water. To see

that it does the same kind of work as the leafy water

plant, place some in a bottle of water and set it in the

window by the side of the other plants. The tell-tale

bubbles show themselves here also. Now you

have perhaps noticed that this pond scum, as it

floats on the water, has a great

many bubbles in it, caught in the

tangle of threads. If you take up

some of this tangle, rinse it in the

water to remove all the bubbles,

and then replace it in the water;

it does not float well, but tends to

sink to the bottom. But when the

bubbles of gas begin to form again JP'ig-ib2. Bubwes rising from
^ ^ c? pond scum in sunligtt.

and are caught in the meshes of

the tangle, they are so much lighter than water that

they buoy up the plant and lift it once more to the
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surface of the water. Here the plant can get more light,

more air, and so do more work of various kinds.

The leaves of garden herbs and shrubs, trees, and other

land plants do the same kind of work. But since they do

not grow in water they do not show the signs of this

work as water plants do. At least, we cannot see the

signs of it because the gas is so much like the air in its

nature. Perhaps you have put a lettuce leaf or a leaf

of some other land plant under water, and have been

told that the bubbles which rise from the leaf in the

water are a sign that the leaf is doing work in starch-

making. But this brings the land plant into an unfa-

vorable environment, and it soon dies. Not all the

bubbles given off are of the same kind of gas as that

given off by the water plant, so that this must be

regarded as a misleading experiment.-'

1 When the leaf of a land plant is placed in water there is always

a thin layer of air over the surface of the leaf. If the water is

exposed to the sunlight, there is a rise in the temperature which causes

the air around the leaf to expand, and some of it rises in the form of

bubbles. This may continue for a considerable time. Some of the air

inside the leaf is also crowded out because of the change in tempera-

ture. This air that is rising from the leaf because of the change in

temperature is not the same kind of gas that rises from the water plant

or from the pond scum. We cannot distinguish between the two
kinds of gas as they rise together from the land plant in the water.

Therefore it is no sign that the plant is doing the work, but only an
evidence that a change in temperature is going on which expands the

air and causes some of it to be freed from the surface of the leaf. The
same thing can be seen if we place a piece of broken crockery or a dry
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What use the plant makes of starch. Since starch is

so necessary to plants, we ought to know some of the

uses which the plant makes of it. It helps to make
new life substance in the plant. This is necessary, not

only because more life substance is needed as the plant

becomes larger, but because, in one kind of work which

the plant does, some of the life substance is consumed.

We must understand that when the starch helps to form

new life substance it no longer exists as starch but is

assimilated along with other foods which the root takes

up. The making of starch is not the making of the life

substance. It must he assimilated with the other food

substances taken up by the root from the soil, or by the

water plant from the water, before living rnaterial is

m,ade.

When we eat solid food substances they are acted

on by certain juices of the mouth, stomach, and other

organs. A part of the food is thus digested and dis-

solved. These food solutions are then absorbed through

the surface of the large intestine, where they enter the

blood. In the blood vessels they are finally carried to

all parts of the body, where they come in contact with

the living matter. The digested food is now assimilated

piece of wood in water, and then set the vessel in the light. To show

clearly that land plants do the same kind of work which the water plants

indicate by the bubble sign would be too difficult an experiment for

young persons.
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class-room so that the pupils may make comparisons

;

although such observations should be made in fields

and gardens whenever possible.

Influence of light on the day position of leaves. Light

has great influence on the position of the leaves during

the day, just as it

has on the position

of the pumpkin
cotyledons "which

we have- just
studied, or on the

leaves of the sensi-

tive plant. It acts

as a stimulus to

adjust the leaf so

that the light will

.

fall full upon the

upper surface, or

nearly so. In
some plants this

position becomes

more or less fixed.

But in other
Tig. 173. Young sunflower plant ; at left in light, at right pJ-aUtS, llKC tUC

after being covered two days to shut out light.
SUUflower bean

oxalis, and many more, the leaves change their position

night and day. The leaves usually occupy a drooping
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empty bottle and thrust the lighted end of the taper

into it. The flame is not extinguished. A suffocating

gas, carbon dioxid, was in the first jar. This gas is

given off by the germinating peas. Being confined

in the jar, so much of it accumulated that it

smothered the flame.

Lime-water or baryta-water is a test for

carbon-dioxid gas. Make some
I lime-water by dissolving lime in

water and allowing it to settle.

Baryta-water is even better.

Make a saturated solution of barium

hydrate. Filter; or allow it to settle,

and then pour off the clear liquid. It

should be kept corked when not in use.

Take some in a shallow vessel. Open
the jar containing the germinating peas

and pour from it some of the carbon-

dioxid gas into the baryta-water. (The

carbon-dioxid gas is heavier than air and

therefore flows downward when the jar

is tipped.) Cover the jar again. Imme-
diately on pouring the carbon dioxid into the baryta-

water, a white substance -^ is formed. Chemists tell us

Fig. 157. Tlie light

is smothered in
the gas given off

by germinating
peas.

1 Barium carbonate, if baryta-water is used, or calcium carbonate,

if lime-water is used. Lime-water is easier to obtain, but the results

are not so striking as with barytarwater. To make lime-water, take
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that this white substance is formed by the union of

carbon dioxid and baryta-water. Pour some of the

baryta-water down the sides of the jar and on the peas.

Notice the white substance which is formed.

Carbon dioxid from our breath. Take some of the fresh

lime-water or baryta-water and breathe upon it. This

same white precipitate is formed, because there is

a quantity of the carbon dioxid exhaled from our lungs

as we breathe. It is interesting to show this close

agreement between plant life and animal life.

Plants take in oxygen gas while they breathe. Plants

require oxygen in the process of respiration just as

animals do. So far as the movement of the gases is

concerned, respiration consists in the taking in of

oxygen gas into the plant or animal body, and the

giving off of carbon dioxid.

To show that oxygen from the air is used up while

plants breathe. Soak some wheat for twenty-four hours

in water. Remove it from the water and place it in

the folds of damp cloth or paper in a moist vessel.

Let it remain until it begins to germinate. Fill the

bulb of a thistle tube with the germinating wheat. By
the aid of a stand and clamp, support the tube upright,

a lump of lime twice the size of a hen's egg and put it in a quart

of water. AUow it to settle and in a day or two pour off the clear

liquid
I
cork in a bottle before using. The white substance formed

when lime-water is used is due to the union of the lime-water and the

carbon dioxid.
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cotyledons open again. If we examine them at night

when it is dark, we usually find them clasped together

and erect. As the morning light comes on they open
again. The light, then, must have an influence in

spreading the cotyledons apart.

We should now refer to our

observations on the squash seed-

lings, grown in the dark, or if we
did not then observe the cotyle-

dons, we should at once examine

some seedlings of the pumpkin or

squash, grown in the dark, as

shown in Fig. 164. The cotyle-

dons remain closed. Fig. 169 is

very interesting ; the stem as it f»<5- "2. same seedlings after

, exposure to llglit again.

grows IS obliged to push its way
out from between the cotyledons at one side, so tightly

are they clasped together. These cotyledons have never

opened because they have been kept from the light.

Arrangement of leaves in relation to light. The

position of the leaves on plants, whether the plant

is small or large, is such as to place the leaf so that

it will receive an abundance of light. The relation of

the leaves of a given plant to one another is such as

to give all the leaves an opportunity to receive light

with the least possible interference. Plants of several

different types in this respect may be brought into the
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on the plant grown in the dark with those on the plant

grown in the light. The plants are of the same age.

Light, then, increases the size of

the leaves of such plants as the

pumpkin, sunflower, buckwheat,

etc. How is it with the wheat

and similar plants ?

Do the cotyledons of the pump-

kin or squash open in the dark ?

As the cotyledons of the pumpkin
slip from the seed coats and are

pulled out of the ground by the

loop, they are clasped tightly

together. But as

they are straight-

ening up in the

light they spread apart and expand.

What causes them to open and expand ?

Let us cover some pumpkin seedlings

which have grown in the light, and in

which the cotyledons have just expanded.

The box should be tight so that the seed-

lings will be kept in the dark. Allow

them to remain here a day or two ; then

remove the box sometime near mid-day.

The cotyledons are clasped together and

erect, as in Fig. 171. Now leave them uncovered; the

Fig. 170. Sunflower seedlings

grown in light, just covered
to exclude light.

Pin. 171. Same seed-

lings after being
covered two days.
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as shown in Fig. 158. Let the small end of the tube
rest in a strong solution of caustic potash (one stick

caustic potash in two-thirds tumbler of water) to which
red ink has been added to give a deep red color. Place

a small glass plate over the rim of the bulb and seal

it air-tight with an abundance

of vaseline. Two tubes can be

set up in one vessel, or a second

one can be set up in strong

baryta -water colored in the

same way.

The result. You will see that

the solution of caustic potash

rises slowly in the tube. The
barytarwater wiU also, if that

is used. The solution is colored

so that you can plainly see it

rise in the tube, even if you are

at a little distance from it. In

the experiment the solution in

six hours had risen to the height shown in Fig. 158.

In twenty-four hours it had risen to the height shown
in Fig. 159.

Why the solution of caustic potash rises in the tube.

Since no air can get into the thistle tube from above

or below, it must be that some part of the air which

is inside the tube is used up while the wheat is

Fig. 158. Apparatus to show
" breathing " of germinating
wheat.
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germinating. From our study of germinating peas we
know that a suffocating gas, carbon dioxid, is given off

while they breathe. The caustic potash solution or the

baryta-water, whichever is used, absorbs the carbon

dioxid. The carbon dioxid is heavier than air, and so

___^^^__ settles down in the tube, where it can

^"'.^ be absorbed.

IT ^ Where does the carbon dioxid come

from? We know it comes from the

breathing, growing seedlings. You
will remember that the symbol for

carbon dioxid is CO2. The carbon

comes from the plant, because there

is not enough in the air. The nitro-

gen of the air could not join with the

carbon to make CO2 ; so it must be

that some of the oxygen of the air

joins with the carbon of the plant.
FIG. 159. The same later, ygg, it doeS ; but the OXygeU is firSt

absorbed by the plant. When it gets into the living

plant substance, some of the carbon breaks away from

its association with the living substance and hurries to

join the oxygen, and together they escape into the air.

When plants breathe fast they are doing more work.

From what we have just learned we see that some of

the living plant substance is used up or consumed

while the plant breathes. When a fire burns, oxygen
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we crush these steins with the fingers, we find those

grown in the light firmer than those grown in the dark.

A more accurate test would be to dry the plants thor-

oughly and then to weigh them. The plants grown in

the light would outweigh those grown
in the dark. In other words, they have

made more plant substance. It will

be remem-
bered that

green plants

form
starch in

sunlight.

The starch is used, much
of it, in making new plant

substance, especially cell

walls, which constitute the

firmer portions of plants.

This is the reason, then,

why the stems grown in

the dark are more slender

and less firm than those grown in the light.

The leaves on plants grown in the dark. While stems

grow less rapidly in light than in dark, light accelerates

the growth of the leaves. Plants grown in the dark

have very small or undeveloped leaves. This is well

shown in the pumpkin (Fig. 169). Compare the leaves

li^G. 169. Same seedlings shown in Fig. 164,

l)nt older.
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Fig. 167.

seedlii

dark. (Nat. size.l

the dark with those grown in the light

there is another striking difference be-

tween them which we cannot fail to

observe. The stems grown in the dark

are longer, but they are less firm, and

they are not capable of supporting them-

selves so well as the stems grown in the

light. This is well shown even in the

week-old seedlings of the buckwheat, as

seen in Fig. 166. They cannot support

their own weight, but

fall o.ver and hang
down by the side of the

pot. This is marked
also in Fig. 169, which

is a later stage of the

pumpkin seedling

shown in Fig. 164. It

is now three weeks old,

and has grown all this

time in the dark. To
support the stems they

were tied to a stake.

Those grown in the

light are stouter and
Sunflower Fio. 168. suDflower seed- firmer and are able to
;
grown in lings grown in dark, older

thaninFig.167. (Iteduoed.) SUppOrt themSclveS. If
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is taken from the air and joins with carbon in the

wood or in the coal, and carbon dioxid is set free.

This joining of oxygen and carbon is called oxidation.

In the living plant the joining of the oxygen from the

air with the carbon in the plant takes place slowly, so

that no flame or fire is made, but it is still oxidation.

Oxidation takes place slowly in animals in the same
way when they are breathing. But while the plant is

being partly oxidized or consumed as it breathes, this

very thing enables it to do more work, in growth

and in other ways. When you run or play hard, you

breathe faster. A part of your body must be oxidized

to get power or energy to play ; or to work either, for

play is one kind of work.

The carbon dioxid which is given off is one form of

the waste from your body, or from the plant's body,

while work of this kind is going on. To take the place

of this waste you must eat, and you know how hungry

you are when you are growing and playing. You need

a great deal of food to make new living materials to

take the place of the waste, and to supply what is

needed for growth. So it is with plants ; they need

food for growth, and to repair waste.



Part III

THE BEHAVIOE OF PLANTS

CHAPTER XIX

THE SENSITIVE PLANT

One of the most interesting manifestations joi life

in plants is the rapid movement of the leaves in the

so-called sensitive plant {Mimosa pudica). The plant

may be easily grown from the seed in pots, either in a

Fig. 160. Leaf of sensitive plant.

greenhouse or in the window of a room, if it is pro-

tected from the hot rays of the sun. The seed planted

in late spring will bring forth good plants ready for

use in late summer or during the autumn.
132
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Fig. 165. Buckwheat seed-

lings grown in light.

record of the observations. Do the stems grow more rap'

idly in the light or in the dark ? Com-
pare the leaves on the plants grown in

the dark with those grown in the

light. Compare the leaves of the

wheat grown in the dark with those

grown in the light. How does the

wheat differ from the pumpkin, sun-

flower, or similar plant in this respect ?

Fig. 164, left-hand plant, shows a

pumpkin seedling grown in the dark.

The right-hand plant in the same

figure is another of the same age

grown in the light. The stem grown in the dark is

much longer than the one grown in

the light. These plants are about one

week old. Fig. 166 represents seed-

lings of buckwheat grown in the dark

;

they are longer than

those of the same

age grown in the

light.

Are the stems
grown in light

stouter and firmer?

In comparing the
Buckwheat seedlings of same age,

geedlingS grOWn ingrown m aarK. o o
Fig. 166.



CHAPTER XX
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Compare plant stems grown in sunlight with those

grown in darkness. When planting seeds of the sun-

flower, pumpkin, buckwheat, pea, wheat, or corn, etc.,

place some of the pots under tight boxes

to exclude the light. The pots should be

covered as soon as the seeds are planted so

that no light will reach the young

seedlings. They should remain

covered for two or

three weeks or more.

They can be safely

uncovered occasion-

ally, for a few mo-

ments at a time, to

supply the necessary

water and to compare

them with the seed-

lings started at the

same time, in the

light.

Observe the plants about twice each week. Make
measurements of the growth; sketch, and keep a

136

Fig. 164. Pumpkin seedlings ; one at left grown in

dark, one at right of same age grown in light.
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Appearance of the sensitive plant. The leaves of

the sensitive plant are rather large. A leaf is com-

posed of a large number of leaflets (pinnce) arranged

in pairs along four different axes, which are joined to

a stalk (the petiole of the leaf) somewhat as the toes of

a bird are joined at the foot. A single leaf is shown
in Fig. 160 attached to the shoot. Imagine

a branched shoot with a number of these

leaves and you will know how the sensitive

plant looks.

Movement of the leaves of the sensitive

plant. When you wish to test the plant, it

should be on a bright day, though the plant

will work on a cloudy day also if it is not

too dark. It must be left undisturbed and

quiet for some time before using. We must

be careful not to touch or jar it until we
are ready.

Now, with a pair of forceps, or with the

fingers, pinch one of the terminal leaflets.

Instantly the terminal pair clasp or fold together above

the axis. Then the second pair do the same, and the

third and fourth pairs follow quite regularly. This

movement continues, successive pairs closing up until

all on the axis are closed. Then the last pairs on the

other three axes fold together, and successive pairs on

these close up until all are closed. By this time,

Pig. IGl. Move-
ment of the
leatlets after
pinchmg one:
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probably, the four axes which bear the leaflets are drawn

closer together. The stalk of the leaf is also likely to

turn downward, and the entire leaf pre-

sents the appearance shown in Fig. 162.

When we pinched the leaflet, there

was given to the leaf what we call a

stimulus. The stimulus travels all

through the

leaf, and in

response to

it the move-

ment takes

Fig. 162. Position of leaf after move-
ment has ceased.

place. If we jar a sensi-

tive plant suddenly, all the

leaves close up and assume

a drooping position, as

shown in Pig. 163.
Fig. 163. The sensitive plant

after jarring.
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Behavior of the leaves at night or on dark days.

On a dark day the leaves of the sensitive plant are

folded together ; or if we take the plant into a poorly

lighted room, the leaves will close ; then if we bring

it out to the light they will open again. So at night-

fall the leaves fold together, and the sunlight of the

following day is necessary before they will open again.

This teaches us one of the influences which light exerts

on plants. This plant is very sensitive to contact with

other objects or to shock; but we see that it is also

sensitive to light, for the leaves will open in a short

time when brought into the light. The mimosa is

called^ the sensitive plant because it responds so quickly

to contact stimulus or shock. In reality, however,

all plants are more or less sensitive, some being more

so than others. This we can readily see by observing

the relation of other plants to the light.
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Where the seed is formed. If you keep watch of

some flowers day after day, you can read the story of

where the seed is formed. You. can read it all on the

same day if you have plants on which are flowers of

different ages. You should begin with the younger

ones and read up through the older ones. You will

read that the sepals fall away; the petals wither and

fall ; the stamens wither, but the pistils grow larger.

After a time they will ripen and you can find the seed.

The story of just how the seed is formed is a hard one

to read, and I am afraid it would be hard for you to

understand if I should tell it. But I have attempted

to tell it in Chapter XXV. I may tell you, though,

that unless each part of the flower did its work faith-

fully, the seed could not be formed.

Behavior op the Ptimpkust Flower

The petals. If you cannot find a pumpkin flower,

certainly you can see a squash flower in some gar-

den. The story of the squash flower is very much
like that of the pumpkin flower. I do not need to

tell you that the flower is very different from that of

the buttercup. You can see that. Where are the

petals ? I believe you can read in the flower that

the large, yellow, showy, urn-shaped paj:t just inside the

calyx is the corolla. How many points are there on
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position at night, and on the following morning they

are brought by the influence of light into the day posi-

tion again. This drooping position

of leaves at night has been termed

the " sleep of plants," but it is not in

any sense a sleep. In the " compass "

plant the leaves stand vertical and

point north and south.

The night position of leaves is due

to unequal growth. When the leaves

are young and in the bud, they closely

overlap one another. This is due to

the fact that growth takes place more

rapidly on the under surface of the

young leaf. This causes the leaf to

curve upward and in, over the end

of the stem. But as the leaves be-

come older, growth takes place more

rapidly on the upper surface. This

causes them to curve outward and

later downward so that they occupy

a drooping position. This can be

demonstrated by covering for several

days a bean plant, or by covering an oxalis plant for a

day, so that it will be entirely in the dark.

To illustrate it here a sunflower plant grown in a pot

was used, the plant being four or five weeks old. It

Fig. 174. Young sunflower,

plant turned toward light

from window.
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was covered one day, and then at noon on the follow-

ing day the box was lifted off. The leaves of the

sunflower were in the position shown in Fig. 173, the

right-hand plant. This shows that if the plant is in

darkness the leaves droop, and the drooping has nothing

to do with night time, except that the light stimulus is

then removed. When
the plant is exposed

to the light, the light

draws the leaf up into

the day position.

The leaves of many-

plants turn so as to

face the light. From
some of the foregoing

studies we learn that

the leaves of plants

are sensitive to the

stimulus of light.
They stand so that the rays of light fall full upon the
upper surface. In the open, the leaves of many plants
stand so that the upper surface receives the light directly

from above, as the light from this direction in cloudy
days is strongest. The leaves of many other plants
change their positions through the day if the sun is

shining, so that their upper surfaces face the sun
directly, or nearly so, at all times of the day.

Fig. 175. Sunflower with young head turned
toward morning sun.
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are two kinds. Next to the petals are a goodly num-
ber of small stalked bodies called stamens. If the little

cases on the ends of the stalks have not already opened,

prick one open with a pin. The cases crack open of

themselves, and a yellow dust-like powder comes out.

This is pollen, each tiny dust-like particle being a pollen

grain. The cases on the ends of the stalks are pollen

cases. Right in the center of the flower are a number
of stouter bodies which have tapering points. These

are ca^BA. pistils

.

What the parts of the flower do. If you look at the

young flower bud, you wUl see that the parts are all

wrapped up snugly and covered over by the sepals.

The work of the sepals here is to protect the other

parts of the flower while they are young. The petals

are bright colored, large, and showy. They are the

parts of the flower which attract us.

They attract bees and other insects. Did

you ever see the bees visiting the flowers,

going from one blossom to another ? They akenei of butter-

reach down and lap up the bit of honey
""^^^

that is in a claw-like pocket at the bottom of each

petal. In doing this their legs drag on the pollen cases.

The bees scatter the pollen grains all around as they

visit one flower after another. As they crawl over the

flowers- some of the pollen clinging to the hairs on

their legs is left on the pointed ends of the pistils.



CHAPTER XXII

THE BEHAVIOR OF FLOWERS

THE BUTTEECUP ELOWEE

Buttercups. Before we read stories on the behavior

of flowers we must know the parts of the flower. This

is because the different parts of the flower have different

kinds of work to do, and therefore behave differently.

Buttercups, no doubt, are known to all who have been

in the fields and woods in the spring.

The petals. The bright yellow parts which give the

cup shape and the yellow color to the flower are petals,

as perhaps aU of you know. There

are usually five of these petals. AH
together they are called the corolla.

The sepals. When you have re-
FlG. 192. Flower of but- t ji it -it • i

teroup, 6epai8 below, moved the pctals you will see, ]ust

Te^:ZVsZ:t below where they were seated, a crown
"'""'"•

of small scale-like bodies. Each one

of these is a sepal. There are usually five of these,

and together they are called the calyx.

The stamens and pistils. If you look now at the

remaining parts of the flower, you will see that there
156
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Turning of the sunflower plant toward the sun. During
the,period of growth of the sunflower plant the leaves,

as well as the grow-

ing part of the stem,

are very sensitive to

light. On sunny
days the leaves on

the growing end of

the stem are drawn
somewhat together

so that they form a

rosette. They also

turn so that the ro-

sette faces the sun

when it is rising.

The growing part of

the stem also turns

toward the sun ; this

aids in bringing the

upper surfaces of the

leaves to face the sun.

All through the day,

if the sun continues

to shine, the rosette

of leaves follows it,

and at sundown the -

Fio. 177. Same plant a little older when tlie head
rosette faces squarely does not turn, but the stem and leayes do.

Fig. 176. Same sunflower plant photographed
just at sundown.

; ]



146 THE BEHAVIOR OF PLAN'TS

the western horizon. For a week or more the sunflower

head will face the sun directly and follow it all day as

surely as does the rosette of

leaves. At length, a little

while before the flowers in

the head blossom, the head

ceases to turn, but the rosette

of leaves and the stem also,

to some extent, continue to

turn with the sun. When
the leaves become mature

and cease growing, they also

cease to turn. It is not true

that the fully opened sun-

flower head turns with the

sun, as is com-

monly sup-

posed. But I

have observed

young heads

four to five .^
inches in diameter follow the sun all day.

. TCI -m n
Fig. 179. Seedllngsun-

Ihe growmg end of the stem will also flower ; at left wtt
J. ,, , -J! 11 ii 1 1 light from above, at
loilow the sun, even it all the leaves and right turned toward

the young flower head are cut away.

Experiments with sunflowers and other seedlings.

The seedlings of many plants are so sensitive to the

Fig. 178. The young head follows the
sun even though the leaves are
out away.
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shrubby form of poison ivy which does not climb. One
should learn to know the plant by the leaves. See

Fig. 84.

The climbing poison ivy sometimes forms a very

large vine, which reaches to the top of tall trees and

nearly smothers them with its dense foliage. The
English ivy, sometimes trained on the sides of houses,

is a root climber.

Some plants climb by leaning on others for support.

As they grow upward, being too weak to support them-

selves alone, they fall against other plants and grow

over and between their branches. Such plants are

sometimes called scramblers, because they scramble over

others.
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The Japanese ivy, or Boston ivy, as it is sometimes

called, climbs by tendrils. It is often used to train on

the walls of houses. Where the ends of

the tendrils strike against the hard wall

of the house, they flatten out into little

disks, which cling very firmly and hold up

the large and heavy vines.

The clematis, or virgin's bower, climbs

in a peculiar way.
Fig. 190. Tendril The petiole, or midrib
of Japanese ivy.

, ti
01 the leai, acts like a

tendril and coils roiind an object

for support.

Root climbers. Poison ivy is a

plant which some persons should

avoid. Others can handle it with-

out becoming poisoned. One form

of the plant grows in the shape of

a vine which climbs up the trunks

of tall trees. It may be known
from other vines in the woods by
the shape of its leaves. But espe-

cially can one tell it in the woods

by the numerous climbing roots

which cover the side toward the

tree, and which take hold in crev-

ices in the bark and hold the vine up

Pig. 191. Vine of ampelopsis
(American creeper) clam-
bering over a dead tree

trunk.

There is a
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influence of light that they quickly turn if placed near

a window where there is a one-sided

illumination. The pot

of seedlings shown in

Fig. 180 was placed near

a window. In an hour

they had turned so that

the cotyledons faced the

light coming in from the

window. Even when

Fig. 180. Sunflower
seedlings lighted

from above.
Fig, 181. Same seed-

lings by a window.

the cotyledons are cut off, the

stems will turn toward the light,

as shown in Fig. 182. Any of

the seedlings which we have

studied, or others, will turn to

one side where there is a one-

sided illumination, but some will

turn more quickly than others.

The influences which light has

on the position of leaves, on the

growth of the stem, and on the

symmetrical or one-sided growth

of the branches of a tree, can be

seen and observed in any place

Fig. 182. The seedlings turn,

even though the cotyledons
are cut away, and stem is

cut in two.
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where plants grow. It will be interesting then, when

you come in the presence of plants, for you to endeavor

to read from the plants themselves the varied stories

which they can tell of the influence which light has on

them. Where leaves are crowded together, you will

often see that each

leaf in the cluster

takes a definite

place, so that it will

be in a good posi-

tion to get the light.

This position of the

leaf is not taken of

itself alone. It is

because the light,

acting on it, causes

it to take up this

position. Leaves
thus often form
what are called

pieces of "mosaic,"

as seen in the Fittonia (Fig. 102) cultivated in green-

houses. In the woods or groves you will have an

opportunity of studying many of these " mosaics," and
it will be interesting for you to see if there is any dif-

ference in the size of any part of the leaf which
enables it better to take a favorable position in the

Fig. 183. Cedar of Lebanon, strong light only

from one side of tree (Syria).
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end of the tendril now coils round the object if it is

not too large. If you watch a tendril from day to

day after it has caught hold, you will see that it finally

curls up into a beautiful coiled spring. Consult Fig.

122 to see how
you can imitate

the action of a

tendril with a

strip of dandelion

stem.

Tendrils often

grasp the edge of

a leaf and coil on

both sides of the

leaf. The ten-

drils of the star

cucumber do this

frequently. The

end of the ten-

dril can take hold

of the flat surface

of a leaf and hold

on by tiny suckers

or root-like processes, which it sends out to penetrate

the leaf. These suckers grow out from the surface of

the coiled tendril and strike into the object much as the

suckers of the dodder strike into its host.

Fig. 189. Tendril of star cucumber grasping

edge of leaf of nightshade.
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h

the day, you will see that the stem swings slowly

around in circles.

The nightshade swings from right to left, or " against

the sun." The morning-glory coils in the same direc-

tion. Which way does the climbing bitter-

sweet coil ? How is it with the " dodder,"

or "love vine " ? Study other vines that

you see. If you wind the morning-glory

vine or the bittersweet in the opposite way
from that in which you find it growing,

and fasten it, which way will the young
end coil when left to itself?

Climbing by tendrils. The pea vine,

the star cucumber, and some other plants

climb by tendrils. The
squash, pumpkin, cucum-

bers, and melons also have

tendrils, but rarely climb,

as they are usually cultivated where
there is no opportunity. But these

plants are good ones for the study of

tendrils, as they grasp other plants near

them. Their tendrils are long and slen-

der. Before they have caught hold of I'lo- iss. comng ten-

a support the end is curved to one side

and the tendril swings, somewhat as the stem of the

morning-glory does, until it touches some object. The

rra. 187. Stem of

dodder with
suckers entering
the stem of its

victim.
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" mosaic." Then on the edge of the forest or grove you
can study many examples of the effect of light on the

unequal growth of the branches of trees and shrubs.

What advantage to the plant comes from this power
to turn the leaves so as to face the light ? What plant

food can be formed only in the green leaves in the

Fig. 184. Spray of leaves of striped maple, showing different

lengths of leafstall^s.

presence of light ? What economy is there in the

plants' having broad and thin leaves, instead of having

the same amount of tissue in a rounded green mass ?

Why do trees on the edge of a forest, or of a grove,

have more and longer branches on the side away from

other trees than on the side next the forest ? In leaf

clusters on branches why are some of the leafstalks

much longer than others (see Fig. 184)?
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BEHAVIOR OF CLIMBING PLANTS

Different ways of getting up to the light. Plants

have dijffierent ways of getting into a position where

Fig. 185. Coiling stem of morning-glory.

there is light. Trees build tall, stout trunks, which

hold their branches and leaves far above other plants.

Shrubs and tall herbs build slender trunks to get
1.-.0
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above their smaller neighbors. Some other plants

which have comparatively weak stems have found
means of getting up where there is light. Such plants

climb. Their stems cannot hold the plants upright.

They climb on other plants, or on rocks,

fences, houses, etc.

Climbing by coiled

stems. A common
way for some plants

to climb is to coil or

twine their stems

round other plants.

The morning-glory,

the climbing bitter-

sweet or waxwork
{celastrus), and the

nightshade are

examples. While
these plants are

growing, watch the stems and see how they coil.

The young stems are more or less erect; but

the end of the stem is often bent to one side. You
may watch the plant in the field, or several shoots

may be cut and placed in a vessel of water. Notice

now which way the bent ends point. In an hour or

so look again. Some of them are pointing in a

different direction. If you look at intervals through

Pia. 186. Coiling stem of dodder.
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of the apple flower, and we should expect the flowers

to be somewhat alike, though not entirely so. An apple

fruit is sometimes called a pome. If you will compare

it with the true berries, like the snowberry, gooseberry,

etc., you will see that it is very much like a berry.

The squash, pumpkin, cucumber, and other fruits of

this kind form what is called a pepo. The outer part

is supposed to be formed from the receptacle of the

flower which here is united with the three parts of

the compound pistil. You will remember that in the

flower (Fig. 194) the calyx and corolla were seated on

the end of the young pumpkin, which suggests that

the receptacle here encloses and is joined to the

pistil. How many chambers, or locules, are there in

the pumpkin?
Acorn fruits. The fruit of the oaks is interesting to

us all. Every one knows the acorns and the cups in

which they rest. Well, the cup is a very singular part

of the fruit. It perhaps represents a crown of tiny

leaves around the base of the young flower. As the

acorn was forming, these tiny leaves grew larger and

were all joined closely together, so that they formed a

cup which partly enclosed the acorn (see Fig. 245).

In the hazelnut, chestnut, and beechnut a similar

crown of leaves {inrvo-lu'cre) around the base of the

flower forms the husk or bur in which the nuts are

enclosed, and from which they are shelled when ripe.
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the rim of tlie urn-shaped corolla ? Five, you say, and

you have read that each one of these represents a petal,

and that all the petals are joined together by their edges.

The sepals. Below the corolla you see five green

pointed leaf-like parts arranged iu the form of a crown.

What does each one of these parts represent ?

The stamens and pistils. Now

Fig, 194. Pumpkin vine with pistil flower.

look down in the bottom of

the flower for the stamens.

All the flowers are not alike, you see. There is a column

in the center of each. On some of these there is pollen.

These columns in some of the flowers are difEerent from

the columns in others. Are the flowers all alike on the

outside ? No ! Those with the three blunt projections

on the end of the column have a round enlargement on

the flower stalk. In the other flowers there is no

enlargement on the flower stalk, and the column of

these bears pollen grains. So these columns must be
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Pig. 195. Stamen
flower closed.

stamens joined together. The columns in the others

form the upper part of the pistils joined together, while

the enlargement in the flower stalk is

the lower part of the joined pistUs.

The point on the pistU where the pol-

len lodges we call the stigma.

Bees and other insects go from one

flower to another. How otherwise

could the pollen be taken from the

stamen flower and be placed on the

end of the pistil in the pistil flower?

So the bees are a great help to the

flower in making its seed, and the

flower gives the bee honey to pay for

its labor. If you

can get a pumpkin
in the autumn, cut

one in two, cross-

wise. You see what
a great number of

seeds there are. Can
you tell how many
parts are joined in

this compound pistil

which finally makes
the pumpkin ?

Fig. 196. Stamen-
flower front cut
away, showing
stamens grown
together in cen-
ter.

Fig. 197. Pistil flower with
front cut away.
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Fig. 215. Drupe or stone fruit

of peach.

forms, the outer fleshy parts unite to form a collection

of little drupes.

The apple is an interesting fruit. It would be difficult

for you to read the entire story, because older students

are not sure that they know
just what parts are united in

the apple fruit. Cut an apple

crosswise. You see the seeds

inside. How many chambers,

or locules, are there for seeds ?

What does each one of tJiese

locules represent ? I shall not

ask you what the fleshy part

of the apple represents, for we
are not sure that we know. It was once thought to be

the calyx grown very thick and fleshy. You see at the

small end of the apple the dried ends of the sepals.

But perhaps these sepals

only rested on the edge of

the receptacle which is

joined to the outer part of

the compound pistil. If this

is so, then the receptacle

grows very large and fleshy

and forms the fleshy part of

the apple. This is most likely. Compare the receptacle

of the rose flower. The rose flower is a near relative

Fig. 216. Fruit of strawberry and
raspberry.
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Fig. 213.

Fruit cluster of
morning-glory.

the strawberry, then, is the receptacle. The strawberry

is not, strictly speaking, a berry. A berry is a fleshy

fruit with several seeds inside, as

the snowberry, gooseberry, grape,

tomato, etc.

The blackberry. How is it with

the blackberry fruit ? You can

read the story in the same way as

you did in the strawberry, when
you have a chance. The receptacle

becomes larger and longer, and

forms the inside of the blackberry

which we eat, though it is not a

very juicy part. Where are the seeds? They are

enclosed in a fleshy substance. This fleshy substance

around each seed is the outside of the pistil. How
different it is from the strawberry!

The raspberry. Compare the rasp-

berry fruit with that of the strawberry

and blackberry. Read the story and

see if you can tell what part of the

flower makes the fruit. You should go

to a raspberry patch, or have some stems with ripe

raspberries and, if possible, flowers on them.

The raspberry and blackberry are not, strictly speaking,

berries. They are collections of tiny stone fruits. In

the flowers the pistils are separate, but as the fruit

Fig. 214. Single pod
with three locules

of morning-glory.
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The Sunflower

The flower head. We have already seen how the

sunflower plant behaves toward light. We are now
interested in observing the behavior of the flowers.

You should learn, first of all, that the large, showy blos-

FxG. 198. Squash Tine with flowers and young squash.

som is not a single flower. It is made up of a great

many flowers. It is a " head " of flowers. There are

two kinds of flowers in a head. I am sure you can tell

the two kinds apart. The most showy ones are on the

edge or margin of the head. They stand out like

rays of the sun ; so we call them ray flowers. The
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most prominent part is like a strap. The other flowers

are more numerous. They are shaped somewhat like a

tube, and have been called tubular flowers. Because

they form a large disk in the center of the flower head

they are also called disk flowers. Each one of the little

ray and disk flowers

is called a floret.

The behavior of the

florets in flowering.

If you will read from

several sunflower
heads, or read from

one day by day, you

will learn an interest-

ing story. You can

cut ofE a head and

put the stem in a

vessel of water in the

room where you can see it from day to day. It will

behave very well for several days. You do not need

to pick the flowers to pieces. Just look now and then

at the disk florets.

First, in those next the ray flowers, the pollen is

pushed out from the pollen cases and lifted above the

corolla tube, so that the pollen grains can be scattered.

It is the growing pistil in each floret which pushes the

pollen out. Then in a few more rings next these and

Fig. 199. Sunflower head.
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the strawberry. They are not covered with any soft

substance. Each seed is a ripened pistil. There were

many pistils in the strawberry flower. If

you go into a strawberry patch when the

berries are

Fig. 211. Fruit of

pea : a pod split

open.

ripening,

you can see

how the
fleshy part

of the
strawberry

is formed, by reading

the stories from the

flower through the

green strawberries up

to the ripe ones. You
will see that the part of

the flower to which the

pistils are joined grows

larger and thicker, and

finally forms the fleshy

part of the strawberry,

raising the seeds up as

it grows bigger. This

part of a flower, to

which the pistils and usually the other parts are joined,

is called the re-cep'ta-cle or torus. The fleshy part of

Fig. 212. Pods of milkweed.
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is an example of another kind of pod, which opens only

along one edge. The morning-glory has a pod, or cap-

sule fruit, with three chambers or locules,

each one representing a part of the pistil.

Can you name and describe

other pods ? How should you

describe a pod or

capsule fruit ?

Drupes or stone

fruits. The
cherry, peach,

plum, and other

fleshy fruits of

this kind are called drupes or stone

fruits. The outer part of the wall of

the pistil becomes fleshy,

I and the inner part hard and

stony, and contains the meat

, or seed inside.

The strawberry. When
you next have some berries you will find it

interesting to learn what parts of the flower

make the edible portion of the fruit. In the

strawberry you can see the tiny

seeds, each resting in a tiny de-

pression, as if they were stuck

Fig. 209.

An akene of bur
marigold, the
" bootjack."

all over
Fig. 210. Akene "

r- T i

of buttercup, the outcr part oi the pulp or soft part oi
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nearer the center the same thing happens ; and so on

toward the center of the disk, each day the ring of

opening florets approaching nearer the center. Finally

the pistil pushes up its style so that it stands above the

end of the corolla tube. The style is divided into two

slender parts which at first are closed up so the pollen

cannot touch the stigma on the inner surface. Later

Fig. 200. Heads of fuller's teasel in diiferent stages of flowering.

the parts curve outward. When the head has partly

blossomed you can see a broad ring of disk flowers, next

the rays, with the pistils projecting above the corolla

tube. Next there is a broad ring of disk flowers with

the pollen projecting above the corolla tube, and in the

center of the head are disk flowers not yet opened.

If you observe the flowers in the garden, you will see

that bees and other insects are crawling over them.
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The bees drag the pollen from the open florets where

the pistil is closed to the open pistils. Since the pistils

and stamens of each

floret do not ripen

at the same time,

the pollen from one

floret must go to the

pistil of another

floret, and cannot

get to its own. This

is a good thing for

the plant, for it

makes the new life

Fig. 201. A group of jacks.

in the seed more vigorous. This tak-

ing of the pollen from one flower to

another is cross pollination. If you
study the behavior of flowers in this

respect, you will find that insects visit

a great many different kinds and cross

pollinate them.

If you find a daisy, golden-rod, aster, or black-ey6d

Susan, read it to see how it compares with the sunflower.

Fig. 202. Jack in UiS

pulpit.
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The a-kene'. The seed or fruit of the sunflower is

called an ctrkene' . The beggar needles, seeds of the

golden-rod, etc., are also akenes. In the buttercup it

is difl&cult for us to say just what is

the fruit. The collection of seeds in

the ripe or old flower is probably a

fruit, since they are all formed from a

single flower. Each part, however,

is an akene (Fig. 210) and is gener-

ally called a seed, though the wall of

the seed is united with the wall of the

pistil. An akene, then, is a

dry unopening fruit, with

a single seed the wall of

which is joined with the

Fig. 206. An akene or Wall of the pistil.
fruit of sunflower with

.i mi i •

four embryos in one The pOd. IhC pca pod IS
seed coat, germinating. -i ^ ^ i • i

a good example oi one kmd
of fruit. It is a capsule fruit which has only

one chamber, or loc-ule. It opens into halves

by splitting along the two edges. You can

see the seeds inside, and that they are at-

tached at one point to the wall of the pod. fig. 207. An

The silkweed or milkweed has a fruit which °f ^g.^^.^

general application to widely different structures or combinations. We
even speak of the fruit of ferns, meaning the spore cases and spores,

where no seeds at all are formed.



CHAPTER XXIII

HOW FRUITS ARE FORMED

The fruit contrasted with the seed. The fruit comes

after the flower. As the fruit ripens, the seed matures.

Is the fruit the same as the seed ? In Fig. 26 is shown

a fruit of the sunflower. It is usually called a seed. It

is formed from a single flower in the head. Since there

are many flowers in a sunflower head, there are also

many fruits. The entire fruit, however, is not, strictly

speaking, the seed. The seed is inside. The wall of the

seed is so firmly joined to the wall of the pistil that it

does not separate from it, and the meat (embryo plant)

is inside. So we cannot say with accuracy that the

fruit and seed are the same.^

Note. — The matter of this chapter is not particularly concerned

with the behavior of plants. But the fruit is best studied after the

flower, if we wish to get any idea of the parts entering into the fruit.

Its study is also closely connected with the dispersal of seed. For this

reason the chapter on fruits is introduced here. If the teacher prefers,

the matter of the flower, fruit, and of seed dispersal may quite as well

be introduced after Chapter X, in connection with a study of the plant

and its parts.

^ In the gingko tree, and in cycas, the fruit is the same as the seed,

though sometimes the embryo is not formed in the fruit. The word
"fruit" has a very indefinite significance, as can be seen from its
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The Teasel

The behavior of the teasel in flowering. Do you
know the teasel? It is worth your while to learn

where it grows, that you may see its

interesting way of flowering. The

Fig. 203. Jack out of

his pulpit : the two
upper ones with pis-

til flowers, the two
lower ones with sta^

men flowers.

plant grows in waste

places, along road-

sides, and in some

places is cultivated as
Fig. 204. Flower of skunk cabbage with

front cut away.



166 THE BEHAVIOR OF PLANTS

fuller's teasel. The flowers are in heads. I am going to

show you a photograph of several heads, with the blos-

soming of the

plants in differ-

ent stages and let

you read the sto-

ry (see Fig. 200).

Jack-in-the-

pulpit flower.

You are all ia-

terested in the

Jack-in-th e-

pulpit. The
"jack" is tall,

and his head
reaches up so

that we can see

it in the pulpit.

If you examine

them, you will

see that some
jacks are covered

below with sta-

men flowers,
Fig. 205. Another flower of skunk cabbage. while othpr lacks

are covered below with pistil flowers. How does the

pollen get from one jack to the other (Pigs. 201-203)?
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The skunk cabbage. In this plant the stamens and

pistils are both in the same flower. Can you read their

story (Figs. 204, 205) ?

The wind helps to cross pollinate many flowers. In

many plants no provision is made for using insects to

carry the pollen. For many of these plants the wind

carries the pollen. The oak, corn, wheat, grasses, etc.,

are examples of wind-poUinated flowers.


