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those of the oak, elm, maple, apple, bean, pea, and

corn, are broad and thin. The grass leaves are long

and narrow, but they are thin. If you have gathered

some pine leaves, or leaves of the spruce, balsam, fir,

hemlock, or larch, you see how very different they are

from the other leaves. Perhaps you have never heard

of leaves on the pine, for they are often called pine

needles, because of their needle-like shape. They are

not so thin as most other leaves, and they are stiff.

Did you ever see the purslane, or, as some people call it,

"pusley" ? Its leaves are not very large, and they are

thick. So we find that while most green leaves are

broad and thin, some are not. You see how quickly

the thin leaves wilt and dry after they are picked. But

the purslane leaves do not wilt so easily. On hot days,

during a long " spell of dry weather," did you ever

notice how many of the plants with green leaves wilt

and suffer for want of water? At such times how is it

with the purslane ?

Note During late summer and autumn the leaves of many trees

take on bright colors, such as red, yellow, etc., of varying shades. The
pupils interested in gathering leaves will be attracted by this brilliant

foliage. The beautiful coloring is the expression of certain changes

going on inside the leaf during its decline at the close of the season.

The causes of these colors form too diiHcult a subject for discussion

here. But it should be understood that the " autumn colors " of leaves

are not necessarily due to the action of frost, since many of the changes

occur before the frosts come.
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The trunk of the elm tree and its branches. Study
carefully the way the branches of the elm are formed

and you will see why the main stem is soon lost. Such

a stem is said to he deliquescent, because it seems to be

dissolved. Compare large elms grown in the forest

s
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The strawberry, dewberry, and other prostrate stems

creep or trail on the ground. We call them creeping or

trai ling stems. The strawberry vine takes root here

Pig. 77. Prostrate type of the water fern (Tnarsilia).

and there and sends up a tuft of leaves and erect

flower stems. The creeping water fern (marsilia)

is a beautiful plant, the stem usually creeping on the

bottom of shallow ponds or borders of streams, and

the pretty leaves with four leaflets floating like bits of

mosaic on the surface.

The pea, the Japanese ivy or Boston ivy, the morning-

glory, and similar stems cling to other plants, or places

of support. They are climbing stems. Then there are

many stems which neither climb nor creep, nor do they
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are leaves differing in color from the common green

leaf usually found in the flower garden or greenhouse ?

Plants which grow in the fields and woods occasionally

have variegated leaves, but they are rare.

If you should happen to find the Indian-pipe plant,

or ghost plant, you would see that the leaves are white,

or sometimes pink, but never green. They are very

Fig, 92. Purslane or " pusley " sliowing small thick leaves.

small. Has the dodder leaves ? Yes, but they are yel-

lowish white, not green. They, too, are very small.

Do you know any other plants which always have white

leaves ? Are the leaves of such plants always small ?

The green leaf, compared with white ones.i Compare

the green leaves with the white ones. You see that

nearly all the green leaves you have gathered, such as

1 The leaves of plants grown in the dark are often white. This

comparison should be made between leaves grown in the light.



CHAPTER X

THE FULI^GROWN PLANT, ETC. (Continued)

IV. LEAVES

The color of leaves. In the spring and summer gather

leaves of different plants in the garden, field, and woods.

Examine those of many more. In the autumn or win-

ter, plants in greenhouses or those grown in the room

will furnish leaves for observation. What colors do

the different leaves have ? The oak, hickory, maple,

elm, strawberry, dandelion, corn, bean, pea are all

green in color.

Do you think that all leaves are green ? Look further.

Maybe you will see in some yard a copper beech, or

birch, with leaves that are copper colored or brown,

especially those that are on the ends of the new shoots.

They are not so bright when they get older. They
then show shades of brown and green. In the garden

or in the greenhouse you may see leaves that are red,

brown, or partly green and partly white. The coleus

plant has variegated leaves, part of the leaf being green,

and the middle part white (see Fig. 148). Many of you
know the ribbon grass, striped white and green. Why

60
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stand erect, but are between erect and prostrate stems.

Some ascend; that is, the end of the stem arises some-

what from the ground, although the rest of it may be

prostrate. These are ascending stems. Others topple

over so that the end is turned toward the ground.

They are downward ient (decumbent).

Burrowing stems. Then there are stems which
burrow, as it were. They creep along under the sur-

face of the ground, the bud pushing or burrowing along

as the stem grows. The mandrake, Solomon's seal,

and the common bracken fern are well-known exam-

ples. The mandrake and Solomon's seal, and some

others, as you know, form each year erect stems which

Fig. 78. Burrowing type, the mandrake, a " rhizome."

rise above the ground. Stems lohieh hurroxv along under

the surface of the ground are called rootstocks, or rhi-

zomes, which means root form. They are known from
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roots because they have buds and scale leaves, though

the rhizome of the bracken fern, the sensitive fern

(see Fig. 93), and some others have large green leaves

which rise above the ground. The trillium has a

short, thick rhizome.

Stems as Stoeehousbs foe Food

Bulbs are familiar to all of us. They are short

stems covered with numerous overlapping thick scale

leaves, as in the onion, the lily, or the tulip. Some
bulbs, like the Easter lily, have a single stem. Some

have several stems, hke

the Chinese lily, or the

" multiplier onion." Quan-

tities of food are stored up

in the thick scale leaves,

to be used by the plant as

the flower and fruit stalk

are being formed. In the

Chinese lily there is so

much food in these leaves

that the bulb will grow if it is placed in a warm room

with the lower surface resting on broken bits of crockery

immersed in a vessel of water, so that the fibrous roots

can furnish moisture. The lily will develop green

leaves, flower stem, and flowers from the food in the

Fig. 79. Bulb of hyaointli.
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While plants need a great deal of water a great

many kinds can thrive much better where the soil is

moist, not wet. Most of the cultivated plants and

many flowers and trees do better in well-drained land.

Perhaps you have seen how small and yellow patches

of corn or wheat look in the low and wet parts of a

field. This is because there is too much water in soil

and not enough air. On the other hand, there are a

few trees and many other plants which thrive better

in wet soil, or even in the water. It has been the

habit of the parents and forefathers of such plants to

live in these places, so they naturally follow in this

habit.

How the roots and root hairs do the work of absorb-

ing the water from the soil can be understood by the

study of Chapters XI and XII.



58 THE GROWTH AND PAETS OF PLANTS

in supporting the plant and in holding the trunk or

stem upright. Another important work is the taking

up of water and of food solutions

from the soil. In the absorption

of water from the soil the root

hairs of plants play a very active

part. Pull up some of the seed-

lings growing in the soil and rinse

the roots in water. If the smaller

roots have not been broken ofE in

the plant, particles

Fig. 88. Koot
hairs of sun-
flower seed-

• ling.

Ficj. 89. lioot

hairs of rad-

ish seedling.
pulling up

of earth will be clinging

not be washed off. This

hairs cling so firmly

This is seen in Fig.

is only moist the water

thin film, as thin as the

ble, which lies on

the surface of the

soil particles. It

is necessary then

for the root hairs

to fix themselves

very closely and

to them which can-

is because the root

to the soil particles.

91. When the soil

in it forms a very

film of a soap bub-

seediing tightly again st

Fig. 91. Soil clinging to root hairs
corn seedling pulled from ground.

grown under
glass,

i^ije ^q[i particles, so that they may come
in close contact with this film of water.
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scale leaves alone. These Chinese lily bulbs can be
obtained from the florist and grown in the schoolroom
or home.

Another kind of food reservoir for plants is the tuber.

The most common and well-known tuber is the potato.

It is a very much thickened stem. The "eyes" are

buds on the stem. Do you
know what develops from
these " eyes " when the po-

tato is planted in the ]varm

ground ? Place several tu-

bers in cups of water so that

one end will be out of the

water, and set them in the ^^''^° - Tuber of irish potato.

window of a warm room. Place some in a dark drawer

where they will not freeze in winter ; leave them for

about a year and see what will happen.

The potato is filled with starch grains. It is an

underground stem. If you dig away the soil carefully

from a " hill " of potatoes, you will see that there are

underground stems more slender often than the erect

ones, which have buds and scale leaves on them. On
the end there is often a potato tuber. The starch is

stored here for the good of the potato. New plants can

be started from the tuber. They grow more rapidly and

vigorously than from the seed of the potato. Man and

other animals make use of the potato for food.
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The short, flattened underground stem of the Jack-

in-the-pulpit is called a corm. This lives from year to

year. Every spring it sends up a leafy flower stem

which dies down in the autumn. Young corms are

formed as buds on the upper surface of the larger one,

probably in the axils of

older leaves which have

disappeared. These be-

come free and form new
plants. Other corms are

the crocus, gladiolus, etc.

To see how corms differ

from bulbs, cut one open.

It is a solid, fleshy stem,

sometimes with loose,

scale-like leaves on the

outside.

Storehouses which are

partly stem, partly root.
Pig. 81. Corm of Jaok-iu-the-puluit. « , . ,, '

are round in the pars-

nip, beet, turnip, radish, etc. The upper part, where
the crown of leaves arises, is the stem, and the lower

part is root. Such a tuber is sometimes called a crown
tuber.

Food is stored in rootstocks, or rhizomes, also, and
in the stems of trees and shrubs. But the kinds

enumerated above show some of the results which the
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in the soil. Some plants have also air roots (called aerial

roots). Examine the air roots of the climbing poison

ivy, but be careful not to touch the leaves unless you

know that it wUl not poison you. One side of the stem

is literally covered with these roots. They grow away

from the light toward the tree on which the ivy twines,

and fasten it quite

firmly to the tree.

Air roots or

braces are formed

in the Indian corn,

the screw pine, etc.

Air roots growfrom

the branches of the

banyan tree of

India, and striking

into the ground
brace the wide
branching system

of the stems.

Buttresses are formed partly of root and partly of

stem at the base of the tree trunks where root and

stem join.

The work of roots. The roots do several kinds of

work for the plant. They serve to anchor plants to

the soil, or in the case of certain climbing plants to

fasten them to some object of support. They aid also

Pie. 87. Buttresses of silk-cotton tree, Nassau.
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Fig. 85. Bracing roots of Indian corn.

tubers, b e-

cause they are

capable of

sprouting and

forming new
potatoes. Ex-

amine roots of

a number of

plants to see

if they are fi-

brous or fleshy.

Air roots.

Most roots
with which we
are familiar
are soil roots,

since they grow

is said to have fleshy roots.

Examples are found in the

sweet potato, the carrot,

beet, turnip, etc. In the

carrot, beet, and turnip the

root is part stem (see page

52) and is called also a

crown tuber. The fleshy

roots of the sweet potato

are sometimes called root

Fig. 86. Bracing roots of screw pine.
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plants have gained in forming special reservoirs for

food. Most seeds, as we have seen from the few

studied, are reservoirs of food so situated that the

little plantlet can feed on it as soon as it begins to

germinate.



CHAPTER IX

THE FULL-GROWN PLANT, ETC. (Continued)

III. THE EOOT

Taproots. In the seedlings studied we found that

the first root grows downward, no matter in what posi-

tion the seed is planted. This habit of

downward growth in the first root is of

the greatest importance to the plant to

insure a hold in the soil where it must

obtain a large part of its food and all its

water. It also puts the root in a posi-

tion to send out numerous lateral roots

in search of food, and serves to bind the

plant more firmly to the ground. In

some plants the first root, or the one

which grows directly downward, main-

tains this direction, and grows to a large

size as compared with the lateral roots.

Such a root is called a taproot. The tap-

root is a leader. You see it continues

through the root system somewhat as

the main stems of pines, spruces, etc., do through the
54

Fio. 82. Taproot of

dandelion.
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branches, only it goes down-

ward. The dandelion is a good

example. The turnip, carrot,

and beet also have taproots.

The root system. The roots of

a plant, with all their branches,

Fig. 83. Fibrous roots of bean.

form the root system

of that plant. Where

the roots are many
and all more or less

slender, the system is

fibrous, or the plant

is said to have fi-

hrous roots, as in the

clover, the corn,

wheat, grasses, etc.

Where one or more

of the roots are stout

and fleshy, the system

is fieshy, or the plant Fig. 84. Air roots of poison ivy.
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Fig. 107. Puncturing
a malce-believe cell

after it has been
lying in water.

Movement of water through memhranes. This experi-

ment illustrates the well-known behavior of water

and solutions of different kinds when
separated by a membrane. Water moves

quite readily through the membrane, but

the substance in solu-

tion moves through

with difficulty. Also

the water will move
more readily in the

direction of the
stronger solution. The fresh water has no substance,

or but little, in solution. The sugar solution is stronger

than the water, so the water moves readily through the

membrane into it.

Now when the vial containing the sugar solution is

immersed in fresh water, some of the water flows

through the mem-
brane into the sugar y-''

solution, because this Fig. lOS. same as Fig. 107,

__- . after needle is removed.
IS stronger, ihis

increases the bulk of the sugar solution

and it presses against the membrane,

making it tight and firm, or rigid.

When it is placed in the stronger solution, this draws

some of the water out, and the membrane, losing its

firmness, becomes flat again.
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The Form of Leaves

Stalked leaves and sessile leaves. Most leaves are

green. Most green leaves are broad and thin. You
have seen this by looking at different kinds of leaves.

Have you noticed the shapes of leaves ? Yes, of course.

You see the larger number of them have a little stalk

[petiole) where they are joined

to the stem which holds out

the broad part (blade). In

some of the water-lilies the

stalk is long and large. In

many ferns the stalk is also

large and is sometimes taken

for the stem (Fig. 93). But

in many other leaves there is

no stalk, and the blade is

seated on the stem ; such

leaves are sessile. In some

plants the stem appears to

grow through the leaf, but in

reality the leaf grows all round

the stem ; sometimes there is one leaf only at one point

on the stem, and in other cases two leaves which are op-

posite have their bases grown together round the stem.

Simple leaves and compound leaves. How many dif-

ferent pieces are there in the blade of a leaf? Look at

Kg. 93. Sensitive fern showing large

leaves and the rhizome or root-

stock which runs underground.
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Fig. 94. Elm leaf (stipules where the leaf

is joined to stem).

the elm, the oak, the lilac, and the sunflower leaf. You

see the blade is all in one piece, although the elm leaf

is notched on the

edge, and the scarlet

oak leaf is deeply

scalloped. Where
the blade of the leaf

is in one piece it is

called a simple leaf.

How many pieces

are there in the

blade of a bean leaf ? a clover leaf ? of the oxalis, pea,

ash, hickory, and ailanthus leaves ? If you do not find

all these plants, you may find others which have leaves

somewhat like them. Perhaps you
thought each one of the pieces of

the blade was the entire leaf. But

see where the stalk of the leaf joins

the stem. The leaf stalk and all

that it supports is one leaf. We
call such leaves as these compound.

Do you know a compound fern leaf ?

The pieces of each compound leaf

are called leaflets. Each leaflet is

supported on the leaf stalk by a

stalklet. If you can find some of the different kinds of

compound leaves, make drawings to show the shape, and

Fig. 95. Compound leaf

of ash.
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Now sink the vial in a very strong sugar solution

for several hours. There should be so much sugar in

the water that all of it will not dissolve. The mem-
brane has become straight across again because the

inside pressure is removed. Now sink it in fresh water
again. The inside pressure returns, and the membrane

Fig. 106. Make-believe cell, at left before placing in water, middle one after lying in

water lias inside pressure, one at right after lying in very strong sugar solution

has collapsed or become flabby.

bulges again. Thrust a sharp needle through the mem-
brane when it is arched or bulged, and quickly pull it

out again. The liquid spurts out because of the inside

pressure.

What is it that causes the inside pressure ? Why is

the inside pressure removed when the vial is immersed

in the stronger solution ?
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Fig. 104. Make-believe cell, with sugar
solution inside, lying in water.

them again. They have regained their rigidity. In-

stead of being limp and flabby they are firm and plump.

It appears from this that they

have regained their firmness

by taking in or absorbing

water. The slice of beet, like

all parts of plants, is made up
of a great many cells, as they

are called. These cells are

like tiny boxes packed close

together. Each one absorbs

water and becomes firm. Perhaps the following experi-

ment will help us to understand how this takes place.

A make-believe plant cell. Pill a small, wide-mouthed

vial with a sugar solution made by dis-

solving a heaping teaspoonful of sugar in

a half cup of water. Over the mouth tie

firmly a piece of a bladder membrane.

(The footnote, page 90, tells how to

get a bladder membrane.) Be sure that,

as the membrane is tied over the open

end of the vial, the sugar solution fills it.

Sink the vial in a vessel of fresh water

and allow it to remain twenty-four hours.

Then take it out and set it on the table.

The membrane which was straight across at first is

now bulged out because of inside pressure.

Fio. 105. Make-be-
lieve cell after
taking in water.
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where the leaflets are attached to the leafstalk. The
bean leaf, as well as that of the pea, ash, etc., is once

c mp und.
The leaves of

the sensitive

plant, of the

honey locust

and some
others, are

twice com-

pound, and so

on.
FiQ. 96. Scales, leaves and yoving Bummer leaves in opening

bud of ailantlius tree.

Leaves wearing a Mask

Masks on the pea leaf. Some of the leaves which

you have seen may have puzzled you because they have

parts which are not leaf- \M.\kl

like. The pea, for

example, has curled,

thread-like outgrowths

on the end, which we
call tendrils. These
tendrils cling to objects

and hold the pea vine

upright. Now see where

these tendrils are joined
Fro. 97. Tendril of squash partly turned

to leaf.
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to tlie leaf. They are in pairs, in the same positions

as the leaflets. Are they not leaflets which have

changed in form to do a certain kind of work for the

plant f Has the leaflet here given up its thin part and

kept the midrib, or vein, to

do this new work? This

part of the pea leaf is then

under a mask ; it is disguised.

Masked leaves of the

squash or pumpkin. Ex-

amine the tendrils on a

squash or pumpkin vine, or

some one of their near rela-

tives. Draw a cluster of

tendrils and show how they

are attached to the vine.

Make a drawing of a leaf.

Compare the two. Do the

tendrils correspond to the

large veins of the leaf ? Did

you ever find one of these

which was part leaf and

part tendril ? Such leaves tell a very interesting story.

Can you tell it ?

Spine-like leaves. If there are barberry bushes

growing in the yard, examine them. What position

do the spines occupy ? See the short, leafy branches

Fig. 98. Awl-shaped leaves of Kussian
thistle.
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beet 4 to 5 cm.^ long, 2 to 3 cm. broad, and about 4 to

5 mm. thick. Hold tbem between the thumb and

finger and try to bend them. They yield but little to

pressure. They are firm or rigid.

Place some of the slices of beet in a five per cent salt

solution,^ and some in fresh water. After a half hour

or so, test the slices in the fresh water by trying to

Fig. 103. Beet slices ; at left fresh one, middle one after lying in salt solution, rigM-

hand one talcen from salt water and placed in fresh -water.

bend them between the thumb and finger. They

remain rigid as before. Now test those which have

been lying in the salt solution. They are limp and

flabby and bend easily under pressure.

Now remove the slices from the salt solution and

place them in fresh water. After an hour or so test

' 2^ cm. = 1 inch. 25 mm. = 1 inch.

2 Dissolve a rounded tablespoonful of table salt in a tumbler of water.

The solution will be nearly a five per cent one.



Part II

THE WOUK OF PLANTS

CHAPTER XI

HOW THE LIVING PLANT USES WATER TO REMAIN FIRM

To restore firmness in wilted plants. We all know
how soon flowers or plants wilt after being picked,

unless they are kept where the air is moist. Many
times we restore wilted flowers or plants to a fresh

or firm condition by putting the cut stems or roots

in water for a time. By a simple experiment one can

show how to hasten the return of firmness or rigidity

in the wilted plant.

Cut off several of the seedlings growing in the soil.

Allow them to lie on the table for several minutes until

they droop. Put the stem of one in a glass of water

and place over this a fruit jar. Leave another stem in

a glass of water imcovered. The covered one should

revive sooner than the uncovered one.

How beet slices remain rigid. A beet freshly dug

from the soil is quite firm. Cut out slices from the
74
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which arise in the axil between the spines and stem.

Is not the spine a mask under which some of the

barberry leaves appear ?

Not all spines, however, are masked leaves. Where

do the spines or thorns occur on the hawthorn ? Have

you ever seen them on the Rus-

sian thistle, or on the amarantus,

or pigweed, as it is sometimes

called ? What are the spines on

a cactus ? What are the spines

on a thistle, like the Canada

thistle or common thistle ?

The Position of Leaves

The plants in the field, forest,

and garden, as well as those

grown in the house, can tell

some interesting stories about

the positions of their leaves on

the stem. The plants speak in

a very quiet way. We cannot hear them, because they

speak in a sign language. Now you know what this

means, so you must look at the plants and see how the

leaves are arranged. The position of the leaves on the

plant is the sign. You are to act as the interpreter

does, and put what the leaves tell into your own words.

Fig. 99. Spines on edge of

common thistle leaf.
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One of the plainest signs which the green leaves make
can be understood if you compare a geranium plant

grown in the window with one grown out of doors, or

in a glass house where

the light comes in from

above as well as from

one side. The leaf

wants to face the light,

to be in such a position

on the plant that it can

get light easily and

directly on the upper

surface.

In the corn plant, the

sunflower, or the mul-

lein, with erect and
usually unbranched
stems, the leaves stand

out horizontally, so that

they get light from the

sky where it is strong-

est (see Fig. 72). You
see also that in most cases one leaf is not directly over

another. They are set so that they do not shade one

another. If two leaves are in the same perpendicular

line, one is so much above the other on the stem that

the slanting light can easily reach the lower one.

Fig. 100. Garden-balsam plant showing leaves
near ends of branclies.
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leaves of the corn run ? In germinating beans, peas,

pumpkin, sunflower, oak, etc., you found two cotyledons.

How do the veins in the leaves of these plants run ?

The work of leaves. Leaves do a great deal of work.

They do several kinds of work. They work together

to make plant food, and to do other work which we
shall learn later.
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for we find them doing well there, while they cannot

grow well in the open field.

The duration of leaves. The leaves of most plants

live but a single season. Most trees and shrubs shed

their leaves in the autumn. Evergreen trees form a

crop of leaves each season, but these leaves remain on

the tree for more than a year, in some trees for several

years, so that the trees are green during winter as well

as summer.

The veins of leaves. If you examine carefully the

leaves which you have gathered while learning the

stories of their color and form, you will see that all of

them have veins, as we call them. These show espe-

cially on the underside of the leaf as prominent raised

lines where the leaf substance is thicker. There are

large veins and small ones. The midrib of the leaf

is the largest vein. The smaller veins branch out

from the larger ones, or arise at the base of the leaf.

If you look carefully at the leaves of some plants [Fit-

tonia, for example. Pig. 102), you will see that the

smallest veins form a fine network. The entire system

of veins in a leaf forms the skeleton of the leaf. Where
the veins form a network the leaf is said to be net-

veined. Where the veins run in parallel lines through

the leaf the leaf is parallel-reined.

You have observed the germination of the corn, and
that it has one cotyledon. How do the veins in the
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The garden-balsam plant, or the wild " touch-me-not,"

tells the same story and more. You see the stem is

branched, and in an old plant all the leaves are near

the ends of the

branches, and on

top. As the
branch grew in

length the leaves

reaching out aU

around cut off

much light from

the center of the

plant, and the

leaves here,

which were form-

ed when the plant

was younger, be-

came so shaded

that they died

and fell away.

Can you read this

story in other

plants ?

The leaves of many trees tell a similar story. When

the trees are in leaf observe how the leaves are arranged

on the oaks, maples, elms, etc. You will see that the

position of the leaves varies somewhat in different trees

Fig. 101. " Feather down," elm.
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of the same kind. The oak, or elm, or apple tree, which

has a great many branches, will have nearly all its

leaves on the outside. These allow so little light to

get to the inside of the tree that few leaves are formed

there. Have you seen trees of this kind on which there

were many leaves all through the tree and down its

large branches ? What story is told by a tree which

has a great many leaves in its center ? Did you ever

see a tall tree standing alone in a field or a yard, with

a great many leaves standing out from its trunk on

young branches ? What story do they tell ?

The story that leaves of forest trees tell. In the deep

forest all the leaves of the larger trees are at the top.

When these were very young trees, the leaves were near

the ground. The young trees had branches also near the

ground. Now the old forest trees show no branches

except near the top. They have long, straight, bare

trunks. The great mass of leaves in the top of the

forest tell us that they shaded the lower branches so

much that few or no leaves could grow on them, and

the branches died and dropped off. A little light comes

in here and there, so that the young trees in the forest

have some leaves on them. But do you see so many
leaves on young maples, pines, oaks, and other trees in

a deep forest, as you do on trees of the same size

growing in an open field ? The forest also tells us that

there are some plants which like to grow in its shade

;



CHAPTER XIII

HOW PLANTS GIVE OFF WATER

What becomes of the water taken up by the plant?

"We have learned that the food which the plants take

from the soil is taken up along with the water in which

it is dissolved. We know that the solutions of plant

food must be weak, or the plant is not able to absorb

them. A large amount of water, then, is taken up by

the plant in order to obtain even a small amount of

food. We know also that water is taken up by the

roots of the plant independent of the food solutions

in it. It is of great interest, then, to know what

becomes of the large amount of water absorbed by the

plant. Some of the water is used as food by the

plant, but it would be impossible for a plant to use

for food all the water which it takes from the soil.

Loss of water by living leaves. Take a handful of

leaves, or several leafy shoots from fresh plants. Place

them on the table and cover them with a fruit jar, as

in Fig. 130. Place another jar by its side, but put no

leaves under it. Be sure that the leaves have no free

water on them and that the jars are dry. In the

course of fifteen or twenty minutes you can see a thin
94
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How the beet slice works. The beet slice is not like

a bladder membrane, but some of the substances in the

beet act like the sugar solution inside the vial. In

fact, there are

certain sugars

and salts in

solution in the

beet, and it is

the "pull"
which these

exert on the water outside that makes the beet rigid.

While these sugars and salts in the beet draw the water

inside, what is there in the beet which acts like the blad-

der membrane through which the water is " pulled," and

which holds it from flowing quickly out again ? In the

ieet slices there are thousands of tiny membranes of a

slimy substance in the form of rounded sacs, each lining

a tiny box. Every one of these formes a plant cell, and

Fig. 109. Picture of a real plant cell, at left it is in natural
condition, middle one after lying in a salt solution, one at

riglit after being taken from salt and placed in water.

Fig. 110. Cells of beet slice, at left fresh, middle ones iust placed in salt water,

ones at right after lying in salt water a few moments.

acts like the bladder membrane in the make-believe cell.

Inside these tiny membranes the sugars and salts of the

beet are in solution. When the cells are .full and
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plump they press against each other and make the

entire mass of the beet firm and plump. They are

too tiny to be seen wii^out the use of a microscope,

but we can look at some pictures of them.

A dead beet slice cannot work. Place some of the

fresh slices of beet in boiling water for a few moments,

or in water near the boiling point. Then test them

with pressure. They are flabby and bend easily. Place

them in fresh cold water, and

in about an hour test them
again. They are still limp

and do not again become firm.

Why is this ? It is because

the hot water killed all the tiny

membranes in the beet, so that they cannot

longer do the work. In the living plant,

then, these tiny membranes are alive. Yes,

they are alive ; and really, they are the liv-

ing substance of the plant. Usually there

are strings or strands of the same living

substance extending across the sac like a

rough network. The water in the plant,

with the sugars, salts, etc., dissolved in it,

is inside the sac.

Why the dead beet slice cannot work.

When the living substance is killed the tiny membranes
can no longer hold the sugars, salts, etc., inside them.

Tig. 111. Sunflower
seedling fresh. It

is firm.
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through, the potato tube. Does the water rise in this

tube above the line of the water in the vessel outside ?

Why?

Note. — A living leaf of a plant may take the place of the bladder

membrane. In the experiment illustrated in Fig. 129 the leaf of

the jewel weed, or wild touch-me-not (Impatiens), was used instead of

the bladder membrane. It is necessary to select a leaf which is free

from any puncture, and it must be tied on carefully with a soft cord.

In this experiment the sugar solution rose two or three inches in a day,

and then rose no further. The thistle tube was then carefully lifted

out, and the leaf was allowed to come in contact with boiling water to

kill it. The tube was then replaced in the bottle of water. Strange

as it may seem, the dead leaf worked much better as a membrane than

the living leaf, and the sugar solution rose to near the top of the tube

in two or three days.
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the stronger solution. The bulk of the sugar solution is

thus increased, and it is forced higher up in the tube.

The root acts much in the same way, except that

each of the tiny root-hair cells and the tiny cells of the

root act as the thistle tube and sugar solutions do, or

as the make-believe cell did. The sap in the cells is a

solution of certain sugars and salts. The life substance

(protoplasm) in each cell lines the cell wall and acts

like the bladder membrane. The
water in the soil is outside the

roots, but comes in touch with

the life membrane because it filters

easily through the cell walls. So

all the tiny cells work together,

and the result of their combined

work is like that of the thistle-

tube experiment.

A potato tube may be used to

represent the work of a single root

hair, or of the root. Cut out a

cylindrical piece from a potato

tuber. Bore a hole nearly through

it, forming a tube closed at one

end. Place in the bottom of this

tube a quantity of sugar and rest

the tube in a shallow vessel of water. Observe how
the sugar becomes wet from the water which is drawn

Fig. 129. The same apparatus
as shown in Fig. 128, but a
leaf of a plant takes the
place of the bladder mem-
brane.
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These escape and filter through into the water outside.

In the case of the heet this is well shown by the behavior

of the red coloring matter, which is also in

the water, inside the tiny living membrane.

When the living beet slice is placed in cold

water the red coloring matter does not escape

and color the water. Nor

does the salt solution pull

it out when we place the

slice in salt water, al-

though some of the water

is pulled out. But when
the beet slice is kUled in

hot water the red color ^'*- ^^^- same seedlmg as shown in Fig. Ill

lying in salt water.

escapes.

How other plant parts behave in salt solution and in

Pull up a sunflower seedling or some other

plant. It is firm and rigid

as we hold it in the hand,

and the leaves stand out

well, as shown in Fig. 111.

Immerse the leaves and most

of the stem in a five per cent

salt solution for fifteen min-

utes. Now hold it in the

hand. It is limp and flabby.

Immerse the seedling in fresh

water.

Fia. 113. Sunflower seed-

ling taken from the salt

water. It is limp.

as shown in Fig. 113.
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water for half an hour and test it again. It has re-

gained its former firmness, as shown in Fig. 114. Can

you account for the behavior of the

seedling under these conditions?

How would it behave if we should

immerse it in boiling water for a

few moments ? Why ? Immerse it

in alcohol for fifteen minutes. What
effect has the alcohol had on it?

Immerse a red beet slice in alcohol.

Describe the results.

Other plant parts may be treated

in the same way, if it is desired

to multiply these experiments.

The effect of too

strong food solutions

in the soil. Some of

Fig. 114. Sunflower seedling

taken from salt solution and
placedin water. It becomes
firm again.

the plant foods are

in the form of salts

in the soil. If the

salts are too abun-

dant in the soil, the

food solutions are so strong that the plant cannot

take them up. In fact, too strong solutions will draw

Fig. 116. Sunflower seedlings

after salt solution was
poured in soil.-

Fig. 116. Washing
the salt out of the

soil.
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membrane, after soaking it to make it pliant. Pour
out from the small end enough of the solution so that it

will stand but a short distance above the bulb

in the narrow part of the tube. Invert this

in a bottle partly filled with water, pass a

perforated cork down the tube and into the

mouth of the bottle to hold the tube in posi-

tion, and bring the tube

so that the sugar solution

in the tube is at the same

level as the water in the

bottle. Allow this to rest

for several hours.

If the experiment has

been set up properly, the

sugar solution now stands

higher in the tube than

the level of the water.

Because the water in the

tube has sugar dissolved in it, it is

a stronger solution; that is, of a

stronger concentration than the

water in the bottle. In such cases,

where the two liquids are separated

by a membrane, more water always goes through into

tie the open end, and place where it will dry. From these dried bladders

a membrane can be cut whenever wanted. Soak in water before using.

Fig. 127. .

" thistle

tube.

Fig. 128. Apparatus with

thistle tuhe, bladder mem-
brane, and sugar solution

to imitate root pressure.
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Fig. 126. The experiment
in operation showing
water rising in the glass

tube.

height of the water in the. tube

should be made several times a day

for several days. It will be found

that the column rises and falls, show-

ing that there is some fluctuation in

the pressure from the roots.

Thus we see that the roots by their

absorptive power are capable, not

only of taking in water from the soil

with considerable force, but also of

lifting it up to a considerable height

in the stem. Root pressure, however,

cannot lift the water to the tops of

tall trees. It has been found that

the root pressure of the birch can lift

water 84.7 feet high, the grapevine

36.5 feet, and the nettle 15 feet.

A simple experiment to illustrate

how root pressure works. Here is an

experiment, easy to perform, which

illustrates very well the way the root

works in lifting water. Take a thistle

tube (Fig. 127) and fill with a strong

sugar solution. Tie tightly over the

large open end a piece of a bladder ^

' Get one sheep's bladder, or several, at the

butcher's and remove the surplus meat. Inflate,
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water from the plants so that they will become hmp
and will fall down, as shown in Fig. 115, where a ten
per cent salt solution was poured into the

soil. After these plants had collapsed,

tap water was allowed to run through

the soil overnight, as shown in Fig. 116.

In the morning the plants had straight-

ened up. again, as shown in Fig. 117,

because the excess of salt was washed out

of the soil and the root hairs could then

absorb water.

How some stems and petioles remain

firm. Did you ever think how strong

some stems and petioles must be to hold

up so much weight as they often do ? The pie plant

or rhubarb leaf is very large, broad, and heavy. The
leafstalk, or petiole, as we call it,

is quite soft, yet it stands up firm

with the great weight of the leaf

blade on the end. If you

shave off one or two thin

strips from the side, it

weakens the leafstalk

greatly. Why does the

leafstalk become so

weak when so little of

Leaf of pie plant (rhubarb) before and after sliav-
^Jj^g SUrfaCe is TCmOVed ?

ing off two narrow stripe from the leafstalk.

Fig. 117. After the
surplus salt has
been washed out
of the soil the
plants revive.
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Cut a piece from a fresh leafstalk^ six or eight,

inches long. Cut the ends squarely. With a knife

remove a strip from one side, the entire

length of the piece. Try to put it in

place again. It is shorter than it was

before. Remove another strip and

another, until the entire outer surface

has been removed. Now try to put one

of the outside strips in place again. It

is now shorter than before as compared

with the center piece.

You see when the outside strip was

removed it shortened up. When all the

outside strips were removed the center

piece lengthened out. I think now you

can tell why it is that the leafstalk was so firm. Of

course it must have plenty of water in it to make the

cells firm. But the center piece alone, with plenty of

Fig. 119. Portion of

leafstalk of pie

plant witli one strip

removed.

Fig. 120. Strips from outside of leafstalk of pie plant placed in water, at left they
coil up, at right in salt water they uncoil.

1 If pie plant cannot be obtained, the plant known as Caladium
in greenhouses is excellent. In early summer the young soft shoots

of elder are good for the experiment.
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To start the experiment to show root pressure. With
the knife cut off the stem squarely near the ground,
as shown in Fig. 124. Slip one end of the rubber
tubing over the end of the stem and tie it tightly with
the wrapping cord. Then pour in a small quantity of

water to keep the end of the stem moist at the start.

Insert one end of the glass tubing in the other end of

Fig. 125. The materials for setting up the apparatus to show root pressure.

the rubber tube, tie it tightly, and then bind the glass

tubing to the stake to hold it upright. The experiment

must be made in a room in which the temperature is

suitable for growth.

The result of the experiment. In a few hours the

water will be seen rising in the glass tube. This will

continue for a day or two, and perhaps for a longer

time. The soil in the pot should be watered just as if

the entire plant were growing. Observations on the
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minute vessels or tubes which are continuous with

similar tubes in the stem. The continued pressure

M^^^ which is formed in the roots lifts

the water up and forces it out

through the cut end of the stem.

(The bleeding of cut stems in

winter or early spring is due to

changes in the expansion of the

air, because of the great differ-

ences in temperature.)

Root Pkbsstjre in a Garden
Balsam

The materials necessary for the

study. Select a vigorously grow-

ing potted garden-balsam plant.

If this is not at hand, use a coleus

plant, geranium, or other plant.

Select a piece of glass tubing

several feet long and about the

same diameter as that of the stem

of the plant to be used. Next

prepare a short piece of rubber

tubing which will slip over the

end of the glass tube. Then
have ready some wrapping cord,

a small quantity of water, a tall stake, and a sharp knife.

Fig. 124. Cutting off stem of

balsam plant.
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water, is limp. You see when it is covered with the

outside strips, as it is when undisturbed, the outside

part is pulling to shorten the stalk and the center is

pushing to lengthen it. This lengthwise pull between

the inside and outside parts makes the stalk firm.

Why the dandelion stem curls. Did you ever break

off a dandelion stem, press one end against your tongue,

and make it coil up into beautiful curls as it splits ?

Do you know why it does so I Even when you split

Fig. 121. Strip from dandelion stem in water, at left it gradually coils up,
in salt water at right it uncoils.

a stem with a knife or with your fingers it will curl

a little. The inside part is trying to lengthen, and the

outside part is trying to shorten. So when it is split

it curls around toward the outside part.

Split a stem and place it in a vessel of fresh water.

Watch it. It begins to curl more and more and more,

until it makes a very close coil of several rings. The

life substance in the tiny cells takes in more loater and siuells

so, that all together they push harder than they did before.

To prove this, put the strips from the dandelion stem

in salt water. They begin to uncoil and finally become
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nearly straight and quite limp. We know this is

because the salt " pulls " water out of the cells, just as

it does in the beet slice.

Now place the strips from

the salt water back into

fresh water. They become

firm and coil up again.

How to imitate the coiling

of a tendril. Cut out care-

fully a narrow strip from

a long dandelion stem.

Fasten to a piece of soft

wood, with the ends close

together, as shown in Fig.

122. Now place it in fresh

water and watch it coil.

Part of it coils one way and

part another way, just as a tendril does after the free

end has caught hold of some place for support.

^fW^%/

Fig. 122. Strip from dandelion stem
made to imitate a plant tendril.

CHAPTER XII

HOW THE ROOT LIFTS WATER IN THE PLANT

Root pressure in seedlings. To see this we may use

the seedlings which are growing vigorously— sun-

flower, bean, pumpkin, buckwheat,

and others. With a sharp knife

cut off the stem near the upper

end. In a few minutes a drop of

water will be seen forming on the

cut end of the stem. This in-

creases in size until a large, round

drop is formed. We know that

water would not flow upward out

of the stem unless there was some

pressure from below. This pres-

sure comes from the absorptive

power of the roots. The roots,

as we have found in our previous

study, take up water from the soil pig. 123. Drop of water pressed

through the root hairs so forcibly ^^floLrsU^tagty woTk of

as to produce an inside pressure ° ° "-

which makes the tissue firm. This water is passed

inward in the root by a similar process until it reaches
87

Ju^-^^^j:.
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warm tlie water so tliat the starch will be well wetted.

Now cool it by moving the end of the tube in cold water,

or by holding it in running cold water from a hydrant.

Add a few drops of the tincture of iodine. The liquid

immediately appears blue

because the numerous
starch grains are colored

blue by it. Now hold the

end of the tube over the

flame again for a few

minutes, but do not let it

get hot. The blue color

disappears, because the

warm water extracts the

iodine from the starch.

Cool the tube again and

the blue color reappears.

To test the starch in a

Fig. 145. Cornstarch dissolved in water, potatO tuber. Cut a pOtatO
and tincture of iodine added. At left the
solution is cold, middle one is heated (Irish potato) in tWO, and
slightly, at right it is cooled. - „

on the cut suriace scrape

some of the potato into a pulp with a knife. Apply

some of the tincture of iodine to the potato pulp. It

becomes blue. The potato, then, is largely made up of

starch. Place some of the pulp in water in a test tube,

and add a few drops of the tincture of iodine. Then
heat it gently to see if it behaves like the cornstarch.

HOW PLANTS GIVE OFF WATER 95

film on tlie inner surface of the jar covering the leaves.

In fifteen or twenty minutes more it will be seen that

this is water, for it is accumulating in small drops

riG. 130. To show loss of water from leaves, the leaves jast covered.

which become larger as the experiment continues.

The other jar is dry. The water, then, which first

formed the mioisture film, and later the drops, on the

inner surface of the jar covering the leaves must come

Fig. 131. After a few hours drops of water have accumulated on the

inside of the jar covering the leaves.

from the leaves. We see that it is not only on the

sides of the jar, but also on the top above the leaves.

So the water did not run off the leaves.
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Further, we cannot see any sign of water until we
see it acciimulating on the jar, so that it naust pass off

from the leaves in a very light form, so light that it

can float in the air like dust without being visible.

When water is in this form in the air we call it vapor.

The water passes off from the leaves in the form of

water vapor.

Loss of water from living plants. In the above

experiment the leaves were removed from the plant.

It is not certain from this experiment whether the

water passes off from the surfaces of the leaf or from

the broken or cut ends of the petioles.

We are going to test the living plant

in a similar way. To do this, place a

potted plant under a tall bell jar, or

invert a fruit jar over the plant, after

having covered the pot and soil with

a flexible oilcloth or sheet rubber, or

several layers of oiled paper. Tie the

paper close around the stem of the

plant to prevent the evaporation of

water from the soil or pot. During
Fig. 132. Water is given Several hours the moisture film can

off by the leaves when , j- • t • . i i- i

attached to the living De scen lormmg on the mside oi the

glass vessel. Gradually it accumulates

until numerous drops are formed, some of which in

time may trickle down the side of the jar. The

CHAPTER XV
THE LIVING PLANT FORMS STARCH

All OUT starch is formed by plants. Starch is one of

the essential foods of man and other animals. It is

also employed in many useful processes in the manu-
facture or dressing of numerous useful articles. It

occurs in many vegetables and other plant foods which
we eat. Prepared starch, like cornstarch, used for

puddings, is nearly or quite pure starch. All this

starch is made by plants. The plants use it in a

variety of ways for food, and much of it, after being

formed, is stored in some part of the plant for future

use, as in certain seeds, roots, or tubers. The potato

tuber, for instance, is largely composed of starch.

Tincture of iodine colors starch blue. When starch is

wet or moist with water it is colored blue by iodine.

A tincture of iodine can be obtained from the drug

store, or a few crystals of iodine may be dissolved in

alcohol. In a test tube place a small quantity (as

much as can be held on the point of a penknife) of corn-

starch, which can be obtained at the grocery. Pour

water into the test tube to a height of two inches.

Hold the test tube over a flame for a few minutes to

109
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seen. A section of the stem of a palm shows that here,

also, the vascular bundles are arranged irregularly.

Plants with netted-veined leaves usually have ,the

vascular bundles arranged regularly in rings, while

plants with parallel-veined leaves usually have the

vascular bundles arranged irregu-

larly. Compare the arrangement-

of the veins on the leaves of the

garden balsam, coleus, begonia,

bean, pea, sunflower, oak, etc.,

with the arrangement of the

vascular bundles. The leaves are

netted-veined, and the bundles are

in regular rings. Compare the

veins in a lily leaf or in a blade

of corn, wheat, oat, or grass with the arrangement of

the bundles. The leaves are parallel-veined, and the

bundles are arranged irregularly. You will remember

that the bean, pea, oak, etc., have two cotyledons in the

seedling, and that the corn has only one.

What kind of venation in the leaves, and what
arrangement of the vascular bundles are usually found

in plants with two cotyledons ? In plants with a single

cotyledon ? What are these two large groups of plants

caUed ?

Fig. 144. Cross section of palm
stem. There are no annual
rings.
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accumulation of the moisture may often be hastened

or increased at certain places on the jar by holding

a piece of ice near the jar outside. The cold glass

condenses the water vapor into water again, in the

same way that the cold air above condenses the water

vapor as it arises from the earth, first forming clouds

and later raindrops. The living plant, then, loses water

through its surface in the form of water vapor.

A delicate test for the escape of water vapor from

plants. A very pretty and delicate test for the escape

of water vapor from living plants can be made in this

way. Make a solution of a substance known as cobalt

chloride in water.

Saturate several
pieces of filter paper

with it. Allow them

to dry, and then dry

them still more thor-

oughly by holding
them near a lamp or

gas jet, or in a warm
oven. You will ob-

serve that the water

solution of cobalt

chloride is red. The

wet or moist paper

Fig. 133 . A good way to show that the water passes

off from the leaves in the form of water vapor.

IS

thoroughly dry it is blue.

also red, but when it is

It is so sensitive to moisture
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that the moisture of the air is often sufficient to redden

the paper.

Take two bell jars, as shown in Fig. 133. In one

jar place a potted plant, the pot and earth being

covered as described on page 96. Or cover the

plant with a fruit jar. Pin to a stake in the pot a

piece of the dried cobalt paper, and at the same tinie

pin to a stake, in another jar covering no plant,

another piece of cobalt paper. They should be dried

and entirely blue when they are put into the jars, and

both should be put under the jars at the same time.

In a few moments the paper in the jar with the plant

will begin to redden. In a short time, ten or fifteen

minutes, probably, it will be entirely red, while the

paper under the other jar wiU remain blue, or be only

slightly reddened. The water vapor passing off from
the living plant comes in contact with the sensitive cobalt

chloride in the paper and reddens it before there is

sufficient vapor present to condense as a film of moisture

on the surface of the jar.

The loss of water from plants. This is similar to

evaporation, except that from a given area of leaf

surface less water evaporates than from an equal area

of water surface. It further differs from evaporation

in that the living plant is enabled to retard or hold

back the loss of water. This may be shown in the

following way. Pull up several seedlings of beans,
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Fig. 142. Cross section of oak, show
ing annual rings.

an outward direction as the tree becomes larger. The

vessels formed in the bundle in spring and early summer
are larger than those formed

in late summer. When cut

across in the tree these vessels

look like pores. As all the

bundles in the tree lie close

side by side, the larger pores

formed in the spring alternate

each year with the smaller

ones and form a ring. One

ring is usually made each

year as the oak tree grows, so that

the approximate age of the tree can

be told from the number of the rings.

The vascular bundles in a corn stem.

If a young cornstalk was in the red

ink, cut it across. The red spots which

mark the position of the bundles are

arranged irregularly. If a fresh-

growing cornstalk is not at hand, take

an old dried one. With a knife cut

around and just through the outer hard

layer. Then gently break it, pulling

apart the two ends at the same time.

As it breaks, the bundles puU out as stifE strings in the

pith, and in this way the irregular arrangement is easily

Fig. 143. Vascular
bundles of corn stem
("where tlie "water
paths are located).
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i

There are several distinct water paths in the shoot.

Tliis shows us in a very clear way that the red dye is

taken up along with the water and stains

the plant. In the garden balsam or the

jewel weed we can sometimes see red

streaks in the shoot by looking at the

outside. These mark the paths through

which the water flows. They are better

seen if we cut one of these colored shoots

in two. In the cut shoot they will show

I

III as small round red spots where the colored

If
water has passed. In splitting the stem

they would appear as long red streaks or

bundles. In these bundles there are tiny

I

Fig. 140. Portion
of stem of garden
balsam. The col- .. ^ ^ ^ ^ . _ _

ored tracts show tuoes or vessBls, througk which the loater

outside^ of the flows. Therefore we call the water paths

in plants vascular bundles.

The arrangement of the vascular bundles.

In cutting across the shoot of the garden

balsam, or coleus, or begonia, you will see

that these bundles have a regular arrange-

ment. They are in the form of a ring.

These plants are annuals, that is, they live fig. i«. cut end
, rrn • 1 1

. » of stem showing
only one year, ihere is but one ring oi where the water

1 m • i_i TJ? 11 J j_i patlis are located.
bundles in them, it you look at the

stump of an oak tree or at the end of a log, you

will see many rings. Each year the bundle grows in

HOW PLANTS GIVE OFF WATEE 99

sunflowers, etc., and take some leaves of geranium or

other plants. Divide them into two lots, having in the

lots an equal number of the various kinds. Immerse
one lot in boiling water for a few moments to kill the

plants. Immerse the other lot in cool water, in order

to have the living plants also wet at the beginning of

the experiment. Spread both lots out on a table to

dry. In twenty-four hours examine them. Those

which were killed have lost much more water than

the living plants. Some of them may be dried so that

they are crisp. The living plants are enabled to retard

the loss of water, so that the process of evaporation is

hindered, not only by the action of the life substance

within the plant, but also by a regulating apparatus

of the leaves. The loss of water from plants under

these conditions we call transpiration.

Does transpiration take place equally on both surfaces

of the leaf ? This can be shown very prettily by using

the cobalt chloride paper. Since this paper can be

kept from year to

year and used re-

peatedly, it is a

very simple mat-

ter to make these

experiments. Pro-

vide two pieces of

glass (discarded
Fig. 134. The holes (stomates) in the leaf bordered

by the guard cells,
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glass negatives, cleaned, are excellent), two pieces of

cobalt chloride paper, and some geranium leaves en-

tirely free from surface water. Dry the paper until it

is blue. Place one piece of the paper on a glass plate

;

place the geranium leaf with the underside on the paper.

On the upper side of the leaf now
place the other cobalt paper, and next

the second piece of glass. On the

pile place a light weight to keep the
FIG. 135. The stomate open. ^^^^ ^g^ ^^ contact. lu fifteen or

twenty minutes open and examine. The paper next

the underside of the geranium leaf is red where it lies

under the leaf. The paper cm the upper side is only

slightly reddened. The greater loss of water, then, is

through the underside of the geranium leaf. This is

true of a great many leaves, as tests which you can

make will show. But it is not true of all.

Why do many leaves lose more water through the

underside? You will not be able to see with your

eyes the mechanism in the leaf by which it can, to

some extent, control the escape of the water vapor.

It is too tiny. It can only be seen by using a micro-

scope to look through pieces of the skin, or epidermis,

of the leaf which we can strip ofE. Perhaps it will be

just as well for the present if you look at a picture of

it made from the leaf. Fig. 134 shows little holes

through the epidermis. These open into spaces between

CHAPTER XIV

THE WATER PATH IN PLANTS

How to determine the water path. You will be inter-

ested to find the paths by which, so much water flows

through the plant. These may be shown in a very easy

way. You may cut some garden-balsam plants, or the

wild Impatiens or jewel weed, or similar plants. These

are very good ones for the purpose. Cut also some

shoots of begonia or

other plant with white

flowers. If there are corn

plants or wheat plants

half grown at hand,

some of these should be

used. Use also some

good bleached celery

leaves cut from a bunch.

Set these shoots in a

vessel containing red ink. Or if preferred a red dye can

be made by dissolving one of the red " diamond dyes
"

in water. In a few hours, sometimes, the plants will

show the red color in the leaves, or in the white petals.

At least in a day they will begin to show the red color.

105

Fig. 139. Shoots of garden balsam, begonia,

and pea, in colored solution.
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This condition of things sometimes happens at night

when the soil is warm and the air damp and cool, so

that the green leaves cannot transpire rapidly. We say,

then, that root pressure exceeds transpiration. Wheji a

plant ivilts on a hot, dry day, it is transpiring faster than

the roots can lift up water, because there is so little water

.in the dry soil. Transpiration now exceeds root pressure.
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the cells inside the leaf. Two cells, each shaped like a

crescent, if you take a surface view, fit in such a way
around the opening that they stand guard over it. "We

call them guard cells.

During the day the guard cells are filled tightly

with water and press back against the other cells and

keep the little holes {stomates) open. At night they

lose some of their water, so they are not so tight.

They then collapse a little, so that

their inner edges come together and

close the opening. The water vapor

cannot escape so fast when the stomates

are closed.

On very sunny days during dry

weather, if the roots cannot give the

plant enough water, the guard cells '^° {a^^\ ae^ir spaces m
lose some of their water, so that they the leaf can aisote seen.

close up and prevent such a large escape of water as

would take place should they remain open. Is this not

a good arrangement which the leaf has to prevent the

loss of too much water during dry weather? Some-

times, however, the ground gets so dry that the roots

cannot get enough water for the plant. The plants

then wilt, and sometimes die.

Leaves help to lift water in the plant. As the water

evaporates or transpires from the surface of the leaves

more water is drawn up into the leaf to take its place.
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This work is done by the tiny cells of the leaf.

The leaf, then, can help lift water in the plant. This

can be well shown by the experiment in Fig. 137.

A leafy shoot of coleus, geranium, or other plant is

cut, and connected by a short piece of rubber tubing

to one end of a bent, or U,

tube which has been filled

with water so that the end

of the cut shoot is in con-

tact with the water. The

rubber tube must be tied

tightly both to the shoot

and to the glass tube, so

that air cannot get in. As
the water transpires from

the leaf it' is gradually
drawn from the tube so

that it lowers in the other

arm of the tube. When the

water is nearly all out of

this arm, mercury may be

poured in, and after a time

the mercury will be lifted

higher in the arm of the tube which is connected with

the plant than in the other. Mercury is a great deal

heavier than water, so the leaves can do some pretty

hard work in lifting.

Fig. 137. Showing that the leaf can
raise water in tlie stem as it is given
off at the surface.
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Can the roots take the water into the plant faster

than the leaves can give it off? Here is a pretty experi-

ment to show the power of root absorption. Young
wheat plants growing in

a pot will show it clearly

if the pot is covered with

a fruit jar and the roots

are kept warm. Fig. 138

shows how this can be

done. If it is not sum-

mer time, when the soil

in the pot would be quite

warm enough, the pot

may be set in a broad

pan of wet moss or saw-

dust, and here covered ^^i
with the fruit jar. A
flame from a spirit lamp

may be set so that it will

warm the edge of the pan,

but the soil in the pot

must not be allowed to

get hot. In a few hours or a day the leaves will

appear beaded with the drops of water which are

pressed out. There are little holes on the edge of

the leaf through which the water escapes. These are

water stomates.

Fig. 138. The roots are lifting more water
into the plant than can be given otf in

the form of water vapor, so it is pressed

out in drops.


