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INTROnrCTION

. this has practi-

lol'lt^ins, its suc-

.f

For a h)ng time Ijotauical science, in the popular mind,

consisted chiefly of pulling t' "vers to pieces luid finding

their Latin names hy t'n us.- of the analytical key. All

the careful descriptions .1 the I itits o' slants in the chissic

hooks were viewed soLiy as conduciv. accuracy in placing

the pijper lahel upon herhariuni s|»«-eiin*'n8. Long after the

study of botany in the univei-sities '^«» liecorne l.iological

i-ather than purely systenatic, the o held sway in

our secondary schools; and perhaps ^ ' us to-day know

of high schools still working in tlie \v, i of that first ray

that pierced primeval darkness. How

cally passed away, and to-day life and i

cesses and its failures, absorb the att^ru

and zoiilogist. The knowledge of the nai, ""

animal is simply a convenience for discrimi^

ence. The systen^ vtic relations of a plan., u:

in showing present anatomical afiinities ant.

nient. The absorbing themes of investigation u

the life proces •'is and the means by which tVi

living in the world to-day have climl)ed upwai

themselves in the great realm of the " lit."

When the idea of nature study first dawned

tional world, it was inevitably confused with

on which it was based. Hence in earlier tin e

teach the nature study of plants by making the children pull

iii

botanist

ilu .Uuit or

md refer-

ih' duea-

be ence.^

we tried to
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the flowcrH to pieces ami 1« irn the names of their different

parts. This was as had nature stuly as it was bad H'ience,

for we were viohitiiig the hiws of the "hild's nature. The

chihl cares very lillle about the forms of things; he is far

more interested in wiiat things do.

To-fhiy nature study and science, while they may deal

with the same olijects, view them from opposite stand-

points. Nature study is not synthetic; it takes for its

central thought the child, and for its field work the child's

natural envin-ument. The child, through nature study,

learns to kn<»w the life history of tiie violet growing in his

own dooryard, and the fascindtuig ttory of the robin nest",

in the coinice of his own porch. Th^ differences of tiiij

violet and this robin from other violets and other robins in

the world he considers not at all.

Thai the plant as well as the animal in nature study should

1x3 regarded a thing of life luvs long been recognized, and most

of our nature study of plants begins with the planting and

sprouting of the seed. Unfortunately, it mostly stops here;

the life processes of the plant have seemed too complex to

be broiight within the comprehension of the child. There is

much of chemistry in operations of plant growth, and we find

very few thuigs in chemistry that are simple enough to be

properly a part of nature study.

"First Studies of Plant Life" has been written with the

sole view of br;- „ing t)ie life processes of the plant within the

reach of the child and, with the aid of the competent teacher,

it will certainly l)e comprehensible to the pupil of even the

lower grades. In this book the plant stands before the child

as a living being with needs like his ov^n. To live, the

plant must be born, must be nourished, must breathe, must

S5?^-
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reproduce, and, after experiencing ihese thing ,
must die.

Each plant that is grown in the window box of a school-

room should reveal to the child the sccreta and the story

of a whole life. He realizes that the young plant must Im^

fed ; it must grow ; it is no onger a matter of common-

place ; it is replete with interest, because it is the struggle

of an individual to live. How does it get its food? How

does it grow? It is of litt' . moment whether its leaves are

lancevilate or palmate ; it is a question of what the leaves do

for the plant ; it is a matter of life or death.

When the child lias once Ix-come acquainted with the con-

ditions and necessities of plant life, how different will the

world seem to him ! Every glance at forest or field will tell

him a new story. Every square foot of sod will l)e revealed

to him as a battlefield in which he himself may count the

victories in the struggle for existence, and he wil Wi^k

henceforward in a world of miracle and of beauty,— the

miracle of adjustment to circumstances, and the beauty of

olKjdience to law.
^^^^^^ bOTSFORU COMSTOCK.

Bureau of Nature Stld'.

Cornell University.
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In presenting these "First Studies of Plant Life" the

object has been to interest the child and pupil in the life and

work of plants. The child, or young pupil, is primarily inter-

ested in life or something real and active, full of action, of

play, or play-work. Things which are in action, which rep-

resent states of action, or which can be used by the child in

imitating or "staging" various activities or realities, are

those which appeal most directly to him and which are most

forceful in impressing on his mind the fundamental things

on which his sympathies or interests can be built up.

There is, perhaps, a too general feeling that young pupils

should be taught things ; that the time for reasoning out why

a thing is so, or why it behaves as it does under certain con-

ditions, belongs to a later period of life. We are apt to

forget that during the first years of his existence the child

is dependent largely on his own resources, his own activity

of body and mind, in acquiring knowledge. He is preem-

inently an investigator, occupied with marvelous observations

and explorations of his environment.

Why then should we not encourage a continuance of this

kind of knowledge-seeking on the part of the child? The

young pupil cannot, of course, be left entirely to himself

in working out the relation and meaning of things. But

opportunities often present themselves when the child should

be encouraged to make the olxservations and from these learn

vii
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why the result is so. No more excellent opportunities are

afforded than in nature study. The topics most suitable are

those which deal with the life, or work, or the conditions and

states of formation.

To the child or young pupil a story, or the materials trom

which a storv can \ye constructed, is not only the most engag-

ing theme, but offers the best opportunity for constructive

thought and proper interpretation.

In the studies on the work of plants some of the topics will

have to be presented entirely by the teacher, and will serve

as reference matter for the pupil, as will all of the book on

occasions. The chapter dealing with the chemical changes

in the work of starch-making is recognized by the author

as dealing with too technical a subject for young pupils, and

is included chiefly to round out the part on the work of

plai ts. Still it involves no diflicult reasoning, and if young

children can appreciate, as many of them do, the -Fairyland

„f Chemistry," the pupils may be able to get at least a gen-

eral notion of what is involved in the changes outlined in

this chapter.

The cimpters on Life Stories of Plants the autlior has

attempted to present in the forn' of biographies. They sug-

.rest that Inographies are to be n-.ul from the plants themselves

by the pupils. In fact, this feature of reading the stories

which plants have to tell forms the leading theme which runs

through the i>ook. The plants talk by a "sign language,"

which the pupil is encouraged to read and interpret. This

method lemls itself in a happy manner as an appeal to the

chihl's power of interpretation of the things which it sees.

Many older persons will, perhaps, be interested in some of

these stories, especially in tlie Struggles of a White Pine.
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1

The story on the companionship of plants also affords a

topic of real interest to the pupil, suggesting social condi-

tions and relations of plants which can be read and inter-

preted by the young.

Nearly all of the line drawings are original, and were made

expressly for this book by Mr. Frank R. Rathbun, Auburn,

N Y. Figs. (54, 79, 215, 210, 200 were reproduced from

Bergen's
"
Botany," and Fig. 84, from Circular 86, United

States Department of Agriculture, by Mr. Chesnut. The

author desires to acknowledge his indebtedness to the follow-

ing persons, who have kindly contributed photographs :
Mr.

11? i:. Murdock, for the Frontispiece; Prof. C^onway Mac-

>rilhin, Iniversity of Minnesota, for Figs. 220, 249, 257 ;

Frofess(u- (iiftord, Cornell Univei-sity, for Figs. 87, 183, 285,

290, 298, 295 ; Mr. (iifford Pinchot, Division of Forestrj-,

United States Department of Agriculture, for Figs. 280, 282,

289, 292 ; Prof. W. W. Rowlee, Cornell Univereity, for

Figs. 279, 281, 304 ; Miss A. V. Luther, for Figs. 200, 296,

302; Prof. P. 11. Mell, for Fig. 278; Prof. William Trelease,

Missouri Botanical (Jurden, for Fig. 307 ; Professor Tuomey,

Yale University, for Fig. 306. Fig. 221 is reproduced from

photographs bv Mr. K. Miyake ; Fig. 77, from photograph

by Mr. H. Ilasselbring : Figs. 7(). 288, from photographs by

Dr. W. A. Murrill. Tlu" remaining [)hotographs were made

by the author. Some of I lie text-ligures were reproduced from

the author's " I'.lcuientary Botany,"' wliile the photographs

of mushrooms are from soiuo of t!io;:.e publislied in Bulletins

138 and 168 of the Cornell University Agric-ultural Experi-

ment Station, and from the author's " Mushrooms, Edible,

Poisonous, etc." q^^O y ATKINSON.

C'OU.NKLL tNIVEKSITY, Marc'll, l&Ol.
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FIRST STUDIES OF PLANT LIFE

Part I

THE GROWTH AND PARTS OF PLANTS

CHAPTER 1

HOW SEEDLINGS COME UP FROM THE GROUND

The life in a dry seed. For this .study we shall use

seeds of bo^ans, peas, co-n, pumpkiu, suutlower, and

buckwheat. You may use some other seeds if they

are more convenient, but tiiese are easy to \^Qi at feed

stores or seed stores. If you did not know that they

were seeds of pknts, you would not believe that the.se

dry and hard objects had any life in them. They show

no signs of life while they are kept for weeks or

months in the packet or l)ag in a dry room.

But plant the seeds in damp soil in the garden or

Held during the w^arm season, or plant them in a box

or pot of damp soil kept in a warm room. Fur several

days there is no sign that any change is taking jdace
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? i i
f I 3

ill the soeds. But in a few days or a week, if it is

not too cold, .sojue of the surface earth above the

"I^ buried seeds is disturbed, lifted, or

f| cracked. Rising through this open-

ing in the surface soil there is a

young green i)lant. We see tliat it

has life now, because it grows and has

the power to push its way through

the soil. The dry seed was alive, but

could not grow. The plant life was

dormant in the dry seed. What made

the plant life active when the seed

was buried in the soil ?

How the com seedling gets out of

the grour \ One should watch for

the earliest appearance of the seedlings

coming through the soil. The corn seed-

ling seems to come up with little ditHculty

.

It comes up straight, as a slender, pointed

objec' which pierces through the soil

easily, unless the earth is very hard, or

a clod or stone lies above the seedling.

It looks like a tender stem, but in a few

days more it unrolls, or unwinds, and

long, slender leaves appear, so that what

we took for a stem was not a stem at all. but delicate

leaves wrapped round each other so tightly as to push

Fig. 1. Bt;an geedlings

breaking throuKli the

Hoil.

Flit. 2. Corn seeil-

lingx coming up.

li



HOW SEKDLINGS CoMK UI'

Fl<i. 3. The "l<«i|.
"

of tlie bean need-

liiiR.

their way through the soil unharmed. What would have

hai)})etied to the leaves if they had unfolded in the

ground ?

How the bean behaves in coming out of the ground.

When we look for the bean seedling as it is coming

up we see that the stem is bent into a

loop. This loop forces its way through

the soil, dragging on one end the bean

that was buried. Sometimes the outer

coat of the seed clings to the bean as

it comes from the ground, but usually this slips off and

is left in the ground. Soon after the loop appears

above ground it straightens out and lifts the bean

.several inches high. As the bean is being raised above

ground the outer coat slips off. Now
we see that the bean is split into

two thick j)arts {cot-ij-le'dons), which

spread farther and farther apart.

showing between them young green

leaves, which soon expand into well-

fori^ed bean leaves.

The pea seedling comes up in a

different way. The stem of the pea fi.i. 4. (i.-nninating bean

. • 1 4 sheil(liii); the seetl coats.

also comes up in a loop. As it

straightens up we look in vain for the pea on the end.

There are small green leaves, but no thick part of the

pea which was buried in the ground. This part of the
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then, must liavf been left in tlie ground. When
pea.

we liave seen liow the (^ther seedlings coni'! up, we

can phmt more seeds in

way as to see just iiow

the

;•!

irngerminates, and le

for the different lu'havior

seedlings in conimg from

the ground.

The pumpkin seedling

pIso comes up in a loop,

and on one end of tne

loop, as it is

being lifted

through the

soil, we see

two flat,

v.tllHI- thick Fl(.. r.. 15,.an .ee-llinKS MraitfMening up: the plumule and
rainei IIUL ^

^p^^.^,,;,,^, ,,,.,,, ,,,,,„.iu« n-om between the cotyledon*.

parts. To-

gether they are about the size of the pumpkin seed.

By looking carefully we may sometimes lind the old

shell, or seed coat, still clinging to the tips

of these parts of the seed ; the shell is split

part way down only, and so pinches tightly

)ver the tips. Usually, however, it is left
'.- o

ru..(;. i-euse.Mi- eiiiply in tlie ground,
nngecommgup. ^^ ^^,.^^ ^ ^^^ interesting later t<j see how

this little pumpkin plant gets out of its shell. It
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UHU

yu riiinpkiii «i-.Mlliiitfsc<iiiilin: !

gliottiiiK l<>i)l> iui'l <HH'niiig col

till- HI

•.li>n«.

1 soiue

leaves. Are those

two parts of the

])i;nipkhi seed real leaves? Look clown hetween t

where they join the stem. Very yoiin^ leaves ar.

nrowinj^ ont from l)etween then

The sunflower seedling. The sin. -

tlowerseedlhig comes np with a loop,
-ci^l-

Fui s. I.<K)i> on stem "if 1 • ii 1

,unfl,.«-..r „« it cofMs (Iraj^^guig tlie seed

Tlu

shell, or seed coat, is sometimes left

in the ground, l^ecause it splits farther

thrcjugh when the root wedges its way

out. But often tlu; seed coat

clings to the tips of the cotyle-

dons until the plant straight-

ens. Then the cotyledons

us\ially spread far apart. The J/ _

seed coat of xhe ])umi)Kin
^ ^

sometimes clings to the tips B.e.i...,..t. .us cotyledons o,,....

of the cotvledons until the sunlight pries them apart.

1

I,

11



6 THK (IKOWTH AND PARTS OF TLANTS

The buckwheat seedling. This also comes up with a

loop, and we hegin to see that this way of coining up

is very common among seedlinj^'s. The

seed coat of the hiickwheat is often lifted

above ground on one end of the loop.

It is split nearly across. Through the

split in the seed we can see that

^ there ire leaves
"^^^ -^«5?-" pjmked inside very
Kio. 10. Loop ol 1 • /.f i 1 .. f_ „.
buckwheat.;...!, differently from

through the mir- ^ v

face ..f the soil,
j^j^g cotyledons of

the pumpkin and sunflower

lie. The buckwheat cotyle-

dons are twisted or rolled

round (>a('h other As tlie '''"'"• «'-'ty:e-ions <.f i...ckwi,e„t see.i-

seedling straightens up they

untwist, and i;i doing this help to throw otf the coat.



CHAPTER 11

HOW THE SEEDS BEHAVE WHEN GERMINATING

To prepare the seeds for observation. We could not

see how tlie seeds planted in th«' ground Ix^haved while

they were genninjiting, for tiicy were

liidd(ni from sight. To watch the

iHihavior of the ditferent kinds, the

seeds are put where there is warmth

and moisture under glass, or they are

coven'd with damp paper or moss,

which may be lifted at any thne to

see what is going on. They may be

grown in tumblers. t)r in shallow ves-

sels covered w ith gla.ss, with wet moss

or paper inside. The best way to

plant them for easy observation is to

put them in a lamp chimney filled

with wet })eat moss or sawdust, as

shown in Fig. 12. Or a box may be

made with glass doors on the side.

This may be filled with wet moss or sawdu.st. the seeds

put in place, and the door then closed. If desired,

some soft manila paper may be placed on the moss or

I'll.. l'_'. <'i>ni fil-iilliiiKS

jirDwiiij! ill liiin|>cliiiii-

iiey.
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sawdust, and the seed placed between

tliis and the glass. If the lamp chim-

ney is used, roll the paper into a tube

smaller than the chimney and slip it

in. Now put the peat moss inside,

not very tight. The seeds may be

started between the glass and paper,

and with a blunt wire may be pushed

S%\ into any position desired.

The seeds first absorb water and

swell. Before the seeds are planted

for this study they should be soaked

from twelve to twenty-four hours in

water. Then they may be placed in

ru.. ,3. P.,n,pki........,;„gs the germinator for observation. Look
growing in in.niMin.n.u.y.

,^^ ^j^^ ^g^^j^ j^^ ^jjg watcr several times

(lurinir the dav, and see what changes take place in them.

All of them become lar-

ger. After they have

been in the water for a

day. cut one. and also

try to cut one of the

drv set'ds. The seeds

that have Ijeen soaked

in water are softer and

larger than the dry seed.

Whvis thisso? It must
. 14. Box witli gliiss iloor on siile for

growing seedlings.
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be that they have taken in or have absorbed

water, as we say.

water,

This has increased their size, made

them wet inside, and soft.

TheHow the pea and bean seeds swell. The pea

and bean swell in a curious way, as can be seen

by looking at them at short hitervals after they

Kio/lTlan have been placed in the water. The water is

seed before ^^^^^ -^ ^^ gj.g^ ^^^q TapldW by thc coat

^""- of the seed than by the other parts. The coat

becomes much wrinkled then, as

if it were too big for the seed.

First the wrinkles begin to appear

round one edge. Then they be-

come more numerous, and extend

farther over the surface, until the

entire coat is strongly wrinkled,

as shown in Fig. 16. This loosens the coat from the

bulk of the seed, and perhaps is one reason

why this coat slips off so easily while the

loop of the stem is puUing the inside of

the seed out of the ground. Finally the

inside parts swell as they take up water.
Fui. 17. Bean seeil ^

. ,
. .

after soaking in Xhcy fill out the coat again so that it is

water, larger, an<l "^
. ^. , ^

now smooth. smooth, as shown in tig. 1 <

.

The first sign of the seedling. In a very few days,

now that the seeds are thoroughly soaked with water,

the signs of life begin to appear. The root grows out

FlO. ir>. Hean sceils witli coats

wrinkling as they soak in

water.
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of Fig. 18.

10 THE (iKoWTH AND i'ARTS OF TLAXTS

of the seed as a small, white, slen-

der, pointed objtct. It comes from

the same spot in every seed of one

kind. In the sunflower, pumpkin,
Fr<i. 18. Corn seeds geriiii- > , i , i •, <•

nating under gia8«, the left- buckwheat, aud com it comes trom
hand seed upside down. ,i ii ii?j.l_ l Til

the smaller end oi the seed. In tlie

bean it comes out from the hollowed, or

concave, side. As soon as the root comes

out it urows directlv downward, no mat-

ter which way the seed happens to lie.

When the seeds are placed in the

lamp chimney, or in a box with a t^lass

side, they can be easily h(>ld in ;iny

position desired. It will be interesting to watch seeds

that have been

placed in ditt'erent

positions. When

the roots have

grown an inch or

more in length,

sketcii some of the

diiferent positions.

Is tliere any ad-

vantage to the

plant in having

this first root grow

downward , I'j.i.-.-O. Still luler i-t^ue of FiK. I^
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How the pumpkin plant gets out of the seed coat. As

the root grows out of the small end of the seed, it acts

like a wedge and often si)Hts the shell or seed coat part

Fli;. 'Jl. Still l.-iti'i- st:iK(' of Tin- If*. Notf mot liiiits in itU.

way. hut not enough for the rest of tlie plant to escape.

The little pUint develops a curious contrivance to assist

it in irettiniir out. There is formed on one side of the
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Fu;. 2-'5. Bean seeds ger-

minating under glass.

Fio. •-•'-'. Pumpkin seedlings ciisting the seed coats (note the " peg '•>.

stem a " peg " or '' heel." This is formed on tho under-

side of the stem, when the seed is lying on its side, at

the point in the opening of

the seed. This peg pres.ses

agahist the end and helps to

split the seed coat further

open. The stem now elon-

gates above this peg, i)resses

against the other h:ilf of the

seed coat, and pries the two

halves far apart so that

plant readily slips out. as si.

in Fig. 22.

Germination of the bean. After

the root comes out of the bean

on the Concave

side, the two halves

of the bean swell so that the outer coat

seed"germinating. is crackcd aud bcglus to sHp otf. Wo cau

Fui. 24. Teas germinating

under gla.<<s.

Fi<i Mniriii»>'r
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then see that the

htem is a continua-

tion above from the

root, joined to one

end of the two thick

parts or cotyledons.

This part of the stem

now grows rapidly,

Fii: 2C. I?.':iii8 with one cotyli'ilon rt-nioved to see

liow ihe cotyledons are raised up from th.> ground.

arches Up in a loop,

and lifts the bean

upward.

The pea. The

pea germinates in

a different way

After the root be-
I'oas witli one cotyledon removed

gins to grow the i^ ^^.^ i^ow tUe eotyledons are left in the

pea swells, so that
eroum.

the thin coat is cracked. The tem, just as in

the bean, is joined at one side to the two thick

cotyledons of the pea. But this part of the

|P_
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lit

stem of the pea does not grow longer, so the pea is left

in position in the gronnd. The stem grows on from

between the two ^^—
thick cotyledons, I

arch(,'s np in a h)op,

pnlls ont the yonng
, , , Flo. 28. White oak HC(irii» jjtTiiiinatina!.

and tender leaves

from the ground, and then straightens up.

To compare the germination of the bean with

that of the pea. This can be done very easily by first

soaking beans and peas for twenty-four hours in water.

With the finger or with the knife split

the bean along the line of the convex

side and pull the halves apart. The

Fifi. 29. Pmi.pkin .«.r,i8 vouug embryo plant lies attached to

yiius«. turiRMi ii, .iif-
(Ji'*' "t tliese halvcs, iiavmg l)i'oken

away irom the otlier. hplit several

beans in the same way and place the half which has

the embryo bean })lant under glass, in position as shown

in Fig. '2i\.

Take one of the peas and. by a slight

rubbing pressure between the fingers,

remove the thin outer coat. The split

between the halves is now seen. Care-

fully break away one of these halves

and sj)lit several more })eas in the same way ; those

pieces which have tin; embryo attached should be ])lanted

l''i(i, :ai. Same a.« Fig. 'Jf.K

Imt later staj;r.
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l"l<i. ill. I.nti'ist!i;;i-i.l Fij;. -11.

from the tree. If the tree is

sitiKited by the roadside, or

in a field wliere there is some loose earth which is damp

and shaded, many of the acorns will be partially bnried

in the soil. Or you may collect the acorns and half

bnrv them in a cool, dam]) soil, which should be

watered from time to time.

The root i< the first to ajjpear, and it comes out of

the small end of the acorn, splitting the short point on

the end of the .seed in a star-shaped fashion. The root

immediatelv turns downward, so that if tiie acorn is

not buried the ro(jl will socm reach the noii. This can

be seen in Fi,u'. 2S.
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How the oak seedling escapes from the acorn. If you

look for sprouted acorns, you will find them in different

stages of growth. Some with the root just emerging

will be found, and

others with the ''tail

"

an inch or more long.

In these larger ones

we can see that the

part next the acorn is

split into two parte.

As it curves, this split

often widens, so that

we can see in between.

In such cases a tiny

bud may be seen lying

close in the fork of

the two parts. This

bud is the growing

end of the stem, and

we now see that the

tiny plant backed out

of the acorn.

The root hairs. In

this study of the seedlings grown under a glass, or in

a box or vessel where there is no soil for the root to

bury itself, you will see that the root soon becomes

covered, a little distance back of the tip, with a dense

Fio. 32. Still later stage of Fig. 29.
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white woolly or fuzzy growth. You will see that these

are like very tiny hairs, and that the root bristles all

around with them. The}' are the root Jioirs. They

help the root to do its work, as we shall st^e in a later

study.

f i

If
hi
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THE PARTS OF THE SEED

Are the parts of the seedling present in the seed?

Since the root comes from the .seed so soon iifter plant-

ing, when th3 soil is moist and the weather warm, and

the other parts quickly follow, one bej^ins to suspect

that these parts are already formed in the dry seed.

We are curious to know if this is so. We are eager to

examine the seeds and see. The dry seeds might be

examined, but they are easier U- open if they are first

soaked in water from twelve to twenty-four hours. When

they are r>^ady, let us open them and read their story.

The parts of the bean seed. The bean seed can be

split, as described on page ^ i, into halves by cutting

through the thin coat along the ridge on the rounded

or convex side. Spre:i'' ^he two parts out

flat and study them. Tiie two large white

fleshy objects which are now exposed we

recomiize as the two cotvledons which were

lifted fnun the soil by the looj). The thin

coat which enclosed them i;s the .sad ront.

Lying along the edge near the end of one of the coty-

ledons is a small object which looks like a tiny })lant.

18

Klii. 'M. Hean

sho .viu;: Scar.



THK I'AUTS OF THK SKKD 19

Via. M Iti-aii KiM-.l

put opt'ii U> kIiow

lilnntlet.

\n this tlio tnihri/n of the heau phintV The pomted

(-11(1 is tilt' root, and wo see that it li«'s in sin-h a position

that when it liegins to grow it will come

through the seed coat near the scar on

the hean.

At the other end of the plantlet are

two tiny leaves, j)ointed, and set some-

thing like the letter V. Wo know that

they are leaves lu-c^ause there are veins

on them like the veins on tlic leaf. Between these

leaves and the ixjhited end or root lies the stem. It

is short and stout, and there is itn i/istiiicf

(lirif/infj line hrtirecn it (Itul the root. Hoot

(Old atem in tin- eniltnjo <irc rd/itd the cau-li-

cle. The ui)per end of the stem just helow fi.i. x,. < ,,«»

' HlM'ticHl of tH'ail

the tiny leaves is joined to the eoi vledon, showing situa-
'' "

tioiiof pliintltt.

one cotyledon hreaknig awav as the i»ean

uas split open. The part of the stnit heloir the roti/-

ledons, that is, the part hetireen them and tin' root, is

called the hy'po-cot-yl.

The parts of the pea seed. The position of

the pKMitlet can be seen on oiu^ side of the

rounded pea, below^ '.i.e scar, after the pea has

been soaked in water. By a slight rubbing

pressure })Ptween the thumb and hngor the

thin seed coat can be slipped otV. The tw(j thick

cotvledons can now be separated. If this is done

ri<i. .ifi.

ruiMiikiiisci'd,

f
I

;
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^il

ciinifully. the embryo plant roniaiiiM attached to one of

them. Sketch this, as well as the emhrvo of the bean ;

compare them and indicate in the draw-

ing's the nanu.'s of the parts.

The parts of the pumpkin seed. The

scar on the pumpkin seed is found on

the smaller end. The seed coat can he

split by cutting carefully part way

around the edge of the tiattened seed

and then prying it open. The "'meat"

inside is covered with a very thin pdjxrij biijer. Tlie

pointed end of the meat is the caidicle {root and stein).

It lies, as we see. in the small pointed end "^^N^ /'"7\

Kii.. .17

M'l'il "I'lit i>|"ii ; 111

right -li mill liulf

tlif ii.iptry rnNiriMH

uliouii ttliiiOi 8iir-

riillll'ls tile • llif.lt

«

of the seed coat. The meat is in halves,

as shown by a " split " which runs through

to the point where thev seem to be joined. ^'" ••'••< 'Mf-'t.-

_

' " •'
til.iiibryn. with

77/r.sr /iiihus III ihe n>eat (ire tlw cotyledons ""* ''"tyi»''i"''
'

turiiiil ti> dill'

of tin i))iinp':iii. Pry them apart so that ""ii"'

one is broken free. At this junction of the

cotyledons will be found a tiny bud on the

end of the stem attached to one coty-

ledon after the other is broken off. The

stem is very short in the pumpkin plantlet.

We have found in the pea and bean that it

IIl'.") between the cotyledon and the root.

So it does in tlie pumpkin. Is it .'^o in all seeds?

Cut a pumi)kin seed through tlie cotyledons, but

5 '

I"

J

Flii. .Ki Lonn
Si'otidii thi-i.iiL'li

ii iiiinijikiii
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lengtliwise of the seed. Mako a sketch of

one part showing the seed coat, the i)ositi(^ii

of the papen/ lininf/, the cotyledons as well as
'

,
Fl.., 4(1. <'ri>f>ii

the short root and stem. (Jut a seed in two, i^vn"i. „f

crosswise, and sketch, showing all the parts.

The sunflower seed. The sunllower seed can he split

open to remove the seed coat in the same way as

the pumpkin seed. The meat occupies nuich the same

position, and is covered with a papery layer. While

--^ the proportions are ditlerent. tlu^ general

shape of the j)lantlet reminds one of that

of the pumpkin or s(|uash. 'j'jie root and

Fi.i 41. s.inHnw.r ^^^'^ '"-^^ luorc prominent. There are two

::;;:1..;"'' n.;:!::-
'^^^^ cotyledons. As we spread tl.et,! apart

ti..-.mi,ry..inri«ht ^y^ j,ee that tlicv are joined to tiie end of
aiKl papery cnver- " •'

i.iKini.ft half of the stem; we can also .see between them
seed eoiit

.

the tiny bnd. If we cut the seed in two.

as we did the pum{)kin seed, we shall see that the

relation of the parts is much the same.

Structure of the corn seed. In the germination of

the corn we have seen that tiie root comes out at the

small en-i .,f the kernel in the groove on

one side, while the leaves first appear on

the same side at the other end of this

groove. If "lie tiny jdant is pre-^(Ui{ in

the seed, tl I'n it should be fotnid in the ..f.<Miifi..tt,rwith

r, T 1 r 1 11 1 • (>niM..tvl(il.>ii re-

groove, bplit the soit kernel lengthwise i.,ov,,i.

I
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^-^!^

through this groove. Just underneath the seed coat at

the small end will be seen the end of the root and stem

^caulicle). Near the other end of ihe

groove there mav be seen several converg-

iny; lines runninsr as shown in Fig. 44.
Fiii. 43. Cross sec- o o o
tion of sunflower Tlicse lines rcprcseut several leaves cut
seed Rt left ; at

right, side view of leugtliwise wliile they are rolled round
eiiibrvo taken t i i

from seed. each otlier. ihe stem lies between the

leaves and root ; it is now very short, and cannot be

distinguished from the root. On the opposite side of

the stem from the groove is

a small curved object. TJils

is the cotyledon cut throufjh.

There is onJy one cotyledon

in the corn seed, ichile in

the other seeds studied there are two.

The meat in the corn seed. In the pea, bean, pump-

kin, and sunflower seeds the cotyledons form nearly all

the meat inside the seed coats. In fact,

the whole seed inside the seed coat in these

plants, except the j^^fJJ^H/ ^^nhuj, is the

'"'tion^'of'^Turk-
embryo, for the cotyledons, being the first

wheat se. d jeaves, are part of the tiny embryo plant.
showinK oneview

of embryo sur- "We havc fouud somctliing very different
rounded oy tlie _

_

"

endosperm. in tlic com. Tlie emhryo is only a snmll

pfirt ff the inside of the sfpd. After the seed has

germinated, the food substance is still there. Did you

Fui. 44. Section of corn seed ; at upper

right of each is the phmtlet, next the

cotyledon, at left the endosperm.
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Fi(i. 41;.

Another sec-

tion showing

another view

of embryo of

,
Imckwheat in

seed.

ever examine a kernel of corn after the seedling had

been growing some time? There is scarcely anything

left but the old and darkened seed coat. It is nearly

hollow within. Tlie meat ivhich formed ttuM

of the inside of the heniel hos disappeared

.

What has become of it? I think everyone

who has examined the corn in this way can

tell. It has (/one to form food for the yoring

corn plant. 'Hie suhstance ivhich is used hi/ the

emhri/o for food is called endosperm.

Is there endosperm in the seeds of the

pumpkin, the bean, the pea, and the sunflower? That

is perhaps a hard question for you to answer. It is a

difficult matter to explain without taking a good deal

of time. But I will ask a few more ques-

tions, and then perhaps you can guess,

'^^see *u' .,/ im'.k-
^^"'lere does the germinating pumpkin, sun-

wheatseeasii.nv-
flQ^ygj. bcau, or pca seedling find its food

inj» ooueil ooty- > '^

ledons. before it can get a sufficient amount from

the soil ? If from the cotyledons, or first leaves, where

did they obtain the food to become so big in the seed?

What about the papery lining in the scpiash and sun-

flower seed ?

Hi

;
:i|

i

k''«l1



CHAPTER IV

GROWTH OF THE ROOT AND STEM

The part of the root which lengthens. One of tlie

interest iiiLT tlnnus ;il)out the root is the '<". grows

in lengdi. W(; know . as the

'^ root l^ecomes longer tlie Lip moves

along. Bnt does this take place hy

a constant lengthening of the ex-

treme tij) of the root? Or is the

tip j)ushed along through the soil

by the growth or stretching of some

other i)art of the root? We can

answer this if we examine the seed-

lings which are growing in germina-

tors. as in the lam}) chimney, where

tlu! roots are ntjt covered with soil.

To tell where the root elongates.

Taki! a line pen and some iiJelible

(ir water-jiroof ink. Beginning at

the tip of the root, mark oft' on one

Fi.i.4s. i'iiiiipkins.,.,iijii-s. side very short spaces, as close to-
the roi't iiiarki'il iti lilt. m i i • i
Kiirhtoii.. siiowiiiL' wii.T.- getlier as possible, the nrst 1 mm.

twinivinuriinnrs. trom tlic tij). and the others 1 mm.
24
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apart, as shown in Fig. 48. Now place the seedling

back in the germinator in position, the root pointing

downward. In twenty-fonr honrs see the result. The

spaces between the marks are no longer ecpial, showing

that stretching of the root takes })lace over a limited area.

Figs. 48 and 49 show the result with corn and piun])kin

seedlings. The root has not g'-own per-

ceptibly at the tip. for the space marked

off by the first line does not appear to l)i'

any greater than it was twenty-four hours

ago. Groirth i» hmjtlt ocnos in a ret/ion

(I short (lisffuire haek of the tip. The

spaces between the marks back of the

ti)), especially those between the third,

fourth, fifth, and sixth marks, are nuich

wider. This is the place, then, where

the root stretches or grows in length.

The stretching is greatest in the middle of this region.

Direction of the roots of seedlings. The first root

from the stsedling grows dowuAvard, as we have seen.

In the germinating seed, what advantage is there to

the plant in this downward direction of the first root ?

The roots which grow out from this first or primary

root are called lateral roots. What direction do they

take? What advantage is there to the ])lant in the

direction which the lateral roots take? f.ook at the

root system, as a whole, of the seedling when well

Fig. 4!I. (,c)iii m'kI-

liiigs iiiarkcil to

show wliere {growth

takos plhce in the

roots.

:f"
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developed. What are the advantages to the ])lant of

the distrihiitioii of tlio roots which you observe?

Growth of the stem.

, In a similar way the re-

gion over which growth

extends in the stem mav
be sliown. As soon as

the seedlings come above

the ground, or as soon

as a new portion of the

shoot begins to elongate

above the leaves, mark
oft" the stem with cross

lines. The lines on the

stem may be placed

farther a])art than tho.'^e

on the root. Tiiey may be put as indicated in Fig. oO.

A rule may be used to locate the marks on the stem.
and then, after several days, if the rule is ])lacod 1)\

the side of the stem, the amount of growth will i)e

determined.

Fig. ril>. St< .ns nt Ii.'mii m.-irkcil tn >lic]\v wlicn
(irnwtli tMki's plai'i- ill .xtfiii.

jii.



CIIAPTEi; V

DIRECTION OF GROWTH OF ROOT AND STEM

In our studies of the seedlings we cannot fuiJ to observe

that the first root (jroics doicnward and the stem tqjivard.

No matter which way the seed is tin-ned, as soon as the

root conies ont it turns downw^ard. It grows toward

the earth, or if it is in the ground it grows toward the

Kid. 51. Corn srccllint; piiiiieil in a horizontal v""'*''"'-

center of the earth. So we say that tlie I'oot grows

toward tlie earth, wdiih' tiie stem grows away from the

earth, or ui)ward. It is interesting to notice how per-

sistently the root and stem grow in thes*^ directions.

To see how persistent they are in this, change the posi-

tions of the seedlings after they have begun to grow.

Downward growth of the root. Take any one of the

seedlings germinated in moss or sawdust or behind

27

i3
1?
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li

liiii

I

Kni. j_'. Siimc corn eeeiUiiijj as shown
ill Fit;. 51, twenty-four hour;; later.

glass. Place it in a liorizontal position. This may
be done behind a pane of glass in a box, or a })in may
be thrust through the kernel into a cork which is i

then placed as in Fig. 51, with a lit-

tie water in the bottom of the vessel ,/
to keep the air moist.

In several hours, or on

the following day, ob-

serve the position of the

root. The greater part of it remains in a horizontal

position, but the end of the root has turned straight

downward again.

What part of the root bends when it turns from the

horizontal position? We should now determine what
part of the root it is which bends when it grows down-

ward in this fashion. To
do this the root of another

seedling should be marked
and placed in a liorizontal

position. With a fine pen

and In-lia ink, mark spaces

as close together as injssible,

F.....X Pun,pUnsee..lin«piaoe,il,ori-
'''''°''^

^
^""l" ''^P'^^'t, bcgin-

/n„.allya„,,marke,lto.h„wwlu.r..tlK. ning at tlu^ tip of tllC rOOtroot bends whon turning Jownwanl. '^^
" HJUU.

Mark (jlf ten such spaces, as
shown in Fig. 53, and leave the root in a horizontal
position for a day. Now observe where the curve has

11
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taken place. It has not taken jflace at the tip, for the

mark made n(!ar tin; tip is still tliere. The curve has

taken place l)a('k from the tip, in the region of mark .'),

4, or 5, ])robahly, if the marks were close toirether at

first. These marks on the bent rej^ion of the root are

now far apart.

You remember that whi'U the root was measured to

see w 're growth in length took ])lace, we found that

the root crnnv in this

same region, just back

of the tip. This is an

interesting observation,

and I think you can un-

derstand why the root

can bend easier in the

regiijn where it is

stretching than in the

region where elonga-

tion has ceased. The region of elongf^ion is called

the motor zone, because this is where the root moves.

What causes the root to turn downward ? This is a

question that is difficult, perhaps, to demonstrate to

your satisfaction. It can be shown, however, that

gravity influences the root to turn toward the earth.

Gravity, you know, is the force which pulls an apple

or a stone toward the earth when either is let fall.

Ki(i TA. liiMii set'illing placccl horizontally ami

marked to show wlirn- tho rout liciuls.

We must bear in mind, however, that gravity does not

m
Vi
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pull the root down in tlie same way in which it acts

on the stone or ajji-le. It only inllu'jnces or stimulates,

we say, the root to turn. (If desirable the teacher can

explain or dem-

onstrate for the

|»upils. that

when the influ-

ence of ,i:;ravity

is neutralized,

thero't does not

turn downward but continues to grow in the direction

in which it was placed. This may be demonstrated by

the well-known experiment of fastening, in different

positions, several seedlings on a ])eri)endicu]ar wheel or

Km. .V>. I'iiiii|>kiii sccilliiit; pUiiiil lioii/initiilly ami ri"it tip

cut off' to uliinv that witlioul the inol tip the riMit will

not l>fMil.

Kli.. .V;, Ufuii Sffclliii;; tr.Mtvil ,i> tlic pmiipkiii S'-i-illiiit: in Fi;;. .Vi.

disk which rcNohes slowly. The ]iosition of tlie root

with reference to the earth is constantly altered, and

the influence of gravity is neutralized.)
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If the tip is removed, will the root turn ? Now place

Home iiioiH! seed liii«i,'.s with the roots in a horizontal posi-

tion, or, if you choose, this experiment can he carried

on along with the others. With sharp scissors, or a

very sharp knife, cut off the extreme tip of the root.

In twenty-four hours afterwards ohserve the roots.

Thcij hare clotK/atid, but they have not turned down-

ward. Th(>y have continued to grow in

the horizontal jjosition in which they were

placed, although the motor zone was not

cut away. Why is this? It must he that

the tip of the root is the part which is sen-

sitive to the influence or stimulus of gravity.

For this reason the tip of the root is called

the pcr«-f!jjflre zone.

The upward growth of the stem. If the

stem is well developed in any of the seed-

lings placed in a horizontal position, we see

that the stem turns up while the root turns S'"'tiuwer se-.-.i.

down. The corn seedling shows this well upward.

in Fig. 52. It is more convenient in studying stems to

take seedlings grown in })ots. Squash, })unipkins. corn,

bean, sunflower, etc., are excellent for this study. Place

the pot on its side. In twenty-four hours ohserve the

plants, Tliey liave turned straight upward again, as

shown in Figs. o7 and 58. Tn the case of the stems

the part which turns is at a much greater distance

Flii. .
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from the end than in the root. This is hecause tlie

re(jion of clontjatlon or motor zonr in the staii is Jarthr

from the tip thm, in the root.

Eow gravity influences the stem. It may seem re-

markable that gravity. Avliieh intliieuces tlie root to

grow downward, also influences the stem to grow

ui)ward. It is nevertlieless true. The lateral roots

and lateral stems are iniluenced diiYer-

ently. What are the advantages to ger-

minating seeds from this hitluence of

gravity on root and stem?

Behavior of the roots toward moisture.

Test this by planting seeds in a long box,

keeping the S(jil in one end dry and in

the other end moist. The root grows

Fi(i. .'w. I'uiiipkin toward moist jtlaces in the soil If the

upwani. soil is too wet, the roots of many plants

grow awav from it. Sometimes they grow out on the

surface of the soil where they can get air, which they

cannot get if the soil is too wet.

fp

i
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CHAITKU VI

BUDS AND WINTER SHOOTS

Do buds have life? When tlic leaves liave fallen

from the trees and slirul)s in the fall tiie forest looks

bare and dead, cxceitt for the pines, sprnces, cedars,

and other every:reens. The hare tree or shrnh in the

Klii. 'ill. Wiiitrr fciiiditioii <tt tri'cs :iii<l .Hliruns.

yard looks dead in winter. But examine it. The

slender tii)s of the hranithes are fresli and green. If

we cut or break a twig, it is not dry like a dead stick.

It is moist. It seems just as much alive as in the

summti, when the trees are covered with green leaves.

a
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liiit lonk at tln' tip of till! twi;j,-.s, a.itl on the

.sides, just aliovc where the K-ase.-. \, .'e ! What

do the hiids mean '.' Do the\ have life?

How the buds look inside. ' >n the shoot

of the horse-eliestiiiit see the ovorlap|mi,Lr

"scales" on the \nu\. Take a phi and re-

move them one after anotlier. ..

( )hserve liow ihev an' seated in Vv^iPw

liie hud. ( Ml this side is one, and

on tlie opposite side i.> another,

llow are the next two seated?

And tlu; next? They ar»; not very

easy to remove, and our hands are

•• stuek iij)" if we liandh; them.

This sticky suhstance lielps to liold

the scales close tot^ether and keeps

out water.

When the hrown scales are re-

Klii. Oil.

sh....tofiior».-- moved, see the thin chatV-like ones I

I Ix'n come >cales co\ ered witli lonu'

woollv hairs. 'Fhese scales are Lireen in

coloi'. and in >hape are like miniatuic leaves !

They are alive even in the fall or -wintei'I

How are they ke])t from heinu' killed? The

lonu" Wouliv li.iirs are fi>ldi"d rnruid tliein like

a scarf, and all are jiacked so tightly and

snugly under the close-fitting hrown scales

i: i

II
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that tlu\ art-wrll j»n»tt'.t-

»m| Iroiii lossnt uattMiltir-

iiiLi (li\ or tuld weather.

or after tree/inif. Thev

lit •• a.-lcep." a> it were,

ail wiiM.T In Sluing" \\v

kiiou the awake!

How the bud looks when

split. Witli a .".liarit kiiil'e

Wf will split the

1)11(1 down through

the end ol' lie

' stem. \v e Sl'i- ilOW

elosely all tlie s<-al<*s lit. Near tin- .'ntrr they

become smaller ami smaller, until there is the

soft end of the .stem.

which ."-eems to 1"' a^

much alive as in the

summer. Init it is resting

now. The leaves in the

bud arc winter lea\es.
Fl0.it!.

i.,,ii^ .MMti,,M ll,,\v convenient it is
111' Imrsc-

.•lu-stiiut i.ii.i for the tree or shrub

wm.iiy s.;i!.- that u\ tlic tall n can
l-avrs iu.siilc. ^ . ,.

|rut on tiiis aviiior at

brown scali-s ami wax to j)rotcct Fir,.r^. i?u,i of i;un.p.Mi, rim

in si-i'timi, .-iliiiwiiig Dvi'rl.'ip-

ihe tender end of the stem I |..i,« ..{ .s,aius.

m

i
i
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Fiii. li'.. Sli.Mit and Imils

liorsH-clicstiim.

The lateral buds. There are

several large buds on the side of

the shoot, larger near the termi-

nal bud. If wo examine these, we

find that they look the same inside

as the terminal bud. The lateral

buds are smaller, perhai)s. Where

are the buds seated on the shoot
''

The lateral buds are

seated just abo^e the

scar left by the fallhig

leaf. "We say that they

are in the axils of the

leaves, for they began

to form here in the

summer. l)efore the

leaves fell. Are there

buds in the axils of all

the lea\es of the

s h o o t w h i (• h

vou have?

Which ])uds

will form l)ranches next spring?

"What will the terminal

bud do ? Why is the

ierminal Inid larger /^

than the lateral buds? '/

i'li;. I'j). I!r:in<'lii'tl ^llI")t "f

horsi'H'licstniit witli tlirc*'

ytarc" (.Towtli.

,1

.:«.
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J

The winter shoot. You

should have a shoot two or

three feet long, branched,

if possible. See how it is

marked. The

Itdf scars.

These are very

large, and are in pairs

opposite each other,

just as the scales are

seated in the bud, only

tlie ditferent pairs are

farther apart on the stem.

Who can tell what the row

of pin h( )les in the scar means ?

Perhaps you can tell better

later on. What else do vou

see on the shoot ? J here are

thi' scale scars, or (jirdle sea7's.

What do they mean ? When
the bud begins to grow in

the spring, the winter scales and leaves are

thrown off. Each tiny scale and winter leaf

leaves a scar on the shoot just as the large sum-

mer leaves do, only it is a tiny
Flu , 63, Shoot of

scar. But there are many scars i.uttemut nhow-

. - , . ing leaf si-ars

close together ail round tlie shoot, ami buus.

Fid. i;7. shoot of ash tliroi'

years olil. ami sod inn

showing annual rings.
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for, as we have seen, tlie winter

scales and leaves are seated so in

the bud. p]ach year, then, a girdle

of scale scars is formed on the shoot.

How old is the

branch vou have ?

Get a shoot which

las several girdle

scars on it. Cut

it through, be-

tween the y;irdle

Fkj. iw. Fn;. 7(1.

Fio. 71

Fi(i. GO. Shoot of butternut .-Iiowiii^' l.af sciris,

axillary lunls, and advcntitioim l)\ii|s (buiU
coMiing from alxjvi' tlu- a.\ils).

Fni. 7(1. Shoot ami biicl of whiti- oak.

Fli). 71. Two-year old shoot of white nak show-
ing whi-re the greater number of bianeheg
arise.
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scars. How many riniis show in the cut surface of the

wood ? What does this mean ?

Other buds and shoots. Gather other shoots and

study the buds, the leaf scars, and tlieir arranti:euient.

Good ones to study are the asli. aihmthns, walnut or

biitternnt, oak, elm, birch, dogwood, peach, apple,

willow, jjoplar, etc.

Some buds may be made to open in the winter.

Bring in shoots of dogwood, willow. ])oplar, ash, oak,

etc. Rest the cut ends in water and see what will

happen after several weeks or months.

Jk
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CHAPTKR VII

THE FULL-GROWN PLANT AND ITS PARTS

I. THE PLANT

The plant has different parts. The seedl-ng has roots,

stem, and leaves. Tlie full-grown plant has the same

parts. But the roots, of course, are larger, longer, and

much more branched. There are many more leaves

also, and the stem is often very nnieh branched. Are

there any other parts '.' There are the tlowers. you say,

and the fruit, and some ])lants have thorns, spines,

hairs, and tendrils. Yes, but many })lants h.ive ju t

the root, stem, leases, flowers, and fruit. And how
different they are in different slants ! Did you ever

notice that the form of the stem, and the shape and

arrangement of the leaves and flowers mark the differ-

ent kinds of plants so that you can tell them ajjart?

The form of the entire ])lant we call its (ippnirancr or

habit. TJie seeds of each khxl of plmif makt' iieir p/o)its

of the same kind and shape.

Tall, erect plants. The sunflower is tall and slender.

At first there is a simple, straight, tall, shaft-like steiti, and

large, spreading leaves pointing in different directions.

40
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At the top of tlie stem the first and largest flower head

is formed, and others come on later from short branches

in the axils of the upper

leaves. The full-grown

plant has a golden crown

of flower heads held up by

the tall stem shaft.

The mullein is also tall and

slender, with rough, woolly

leaves and a long spike of

yellow flowers. The plants

are tall and slender because

the main stem is so promi-

nent and branches not at

all, or but little. In the

sunflower and mullein the

habit is rt/Iinchical.

Tall larches, spruces, and

pines. These trees branch

verymuch.But ol tserve how

small the branches are com-

pared with the main shaft,

which extends straight

through tc the top. The

habit is like that of a cone.

The oaks and birches have a more or less oval habit.

The elms have a sjireading habit, and so on. Is a pine,

F!', 72. (,'v!!!!t!ri!':i! stem of !i!ii!!f!>!.
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or oak, or otlier tree different in form when it grows

alone in a field from what it is when grown in a

forest? Can you tell why?

Prostrate plants. The strawberry, trailing arbutus,

and others are prostrate fT creeping. Yoi can find

other plants which show all forms between the pros-

trate and the erect habit.

Thk Duration ok Plants

Annuals. Many of the fiowers and weeds of the

field and garden start from seeds in the springtime and

ripen a new crop of seeds in late spring, in summer, or

in autumn. Then the plant dies. It nuist be very

clear to us that a [)lant which starts from the tiny

embryo in the seed, forms the full-grown plant, flowers.

rii)ens its seed in a single growing season, and then dies,

has spent its life for the main })urpose of forming the

seed. The seed can dry with(jut harming the young

plantlet within.

Do you know that the seeds of many plants lie in

the inmm ground all winter witliout killing the

embryo ? These plants live and grow, therefore, to

form seed, so that their kind may be perpetuated from

year to year. Plants which live fui- a .single sea.son wq
call annnah. Beans, peas, corn, buckwheat, wheat,

morning-glory, ragweed, etc.. are annuals.
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Biennials. When you plant seeds of the turnip,

radish, beet, carrot, cal)bage, etc., a very short stem is

formed the first season, with a lav^e rosette of leaves

close to the ground. No

flowers or seeds are formed

the first season. But if

the.se plants are protected

from the cold of the winter,

tiie following season tall,

branched stems are formed

which bear flowers and

seed. Then the plants die.

The purpose of these plants,

also, is to form seed and

perpetuate their kind. It

takes two seasons, however,

to form the seed. Such a

plant we call a biennial.

The mullein is a biennial. The short .stem and the

roots live during the first winter.

Perennials. We know that trees and shrubs grow

for a number of years. All but the evergreens shed

their leaves in the autumn, or the leaves die. But new

leaves come forth in the spring. Some of the herbs,

like trillium, golden-rod, aster, Indian turnip, etc..

produce flowers and seed each season. The part of the

stem above ground dies down at the clo.se of the season.

Fio. 73. White oak, oval type.

I

«
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l»

but the short stem under ground, or at the surface of

the ground, lives on from year to year. When the

seed germinates, the ])hint is so small at first, and even

for several seasons, that for the first few years no flow-

ers and seed are formed. Those herbs which live for

several years, as well as the trees and the shrubs, we

call jjennnlal plants. In these ])lants, also, so far as

we know, the main purpose of the jdant, from the

plant's point of view, is to fcjrm seed and perpetuate its

kind. Plants like the cotton, castor-oil bean, etc., are

jjeremiial in the troj)ics but become annual in temperate

zones, because the cold weather kills them ; they pro-

duce one crop of seed the first season.

Woody plants and herbaceous plants. The stems and

roots of trees and shrubs are mostly of a hard substance

which we call wood. They are often called woody

plants, while the her})s, whether annual, biennial, or

perennial, are herbaceous })lant.s.

II



CHAPTER VIII

THE FULL-GROWN PLANT, ETC. (Contiuu.Ml)

ir. TirE STEM

What are some of the different kinds of

stems that you can find in the field or wood,

in the *^arden or greenhouse? There are

many forms and shapes. Tht- stem of the

siDifloire)' is long and sfniiyhf. There are

short braiudies at the to[) where the phint

bears a chister of hirge flower heads, the

largest one on the end of tlie main stem.

Did you ever see a sunflower plant with

only one flower head ? Can you tell why

there is only one flower head sometimes ?

Th(^ corn phuii and (he Ixuiihon are (joo/l

examples of fall aiid slender sfinis. The

corn tassel is a tuft of brar-^hes bearing

the stamcni flowers. The silken ear is

another branch which l)ears the pistil

flowers, and later the fruit. Are other

branches of th(! Indian corn ever developed ? fi.i h.

fin I 11 1

1

I 1 I
SunllmviT,

W neat and oats. also. Itace fidl and slender .yiiuarioiii tyi-e,

45
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.sft'fii.s. iVrhiips iill these j)lantH have formed the habit

ot long .stems beeause tliey often grow in large, crowded

masses, and take this means of lifting themselves above

other pla»\ts in search of light and air.

In the pines, spruces, and larches the main stem

rises like a great shaft from the ground straight

through the branches to the

top. The highest part is the

end of this .straiglit shaft.

These trees have many
branches reaching out in

graceful curves, but the main

stem remains di.stiuct. A
stem ti'liiih continues or runs

through to the top is said to

In- excurrent. Have vou ever

been on the toj) (^f a mountain

surrounded by a forest of

oaks, maples, hteeches, pines,

and spruces ? You remem-

ber how the tall, slender pines or spruces towered

above the oaks or beeches.

How is it with the oak stem ? Tlie branchc-; are larger

in proportion to \\/\ main .stem, so that the main trunk is

often lest or disappears. Compiire the oak tree or [)ine

tree wdiicli has grown in the open field with those grown

in the fore>t. How should you account for the diflfei-ence ?

Kk; ('iiiiii'Hl ty|>f ot liirrli.
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The trunk of the elm tree and its branches. Study

carefully the way the hranehes of the ehn are formed

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

a stem is said to he deliquescent, l)ecause it seems to he

dissolved. Compare larj^e elms grown in the forest

Frii. 7t;. hirtiixe tvjit' of pIiti.

with those grown in the tiuld. Why are they so

ditt'ereiit ? Compare i)ines, spruces, and larches grown
in the field with those grown in the woods. What arc

thn points of ditferenco and why? V^hy do the i»ine.>

and spruces still have so different a hahit from tiic

oaks, elms, apple trees, and some others ?

i\
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The strawberry, dewberry, and oth r prostrate stems

cret-'p or trail on the groiui'l. H (((! timti creeping i>r

trailing ^kin^i. The strawbe 'tv \ nc ake,'- i ot 1 re

Fi.. I'r striti- u . <)i tUv viM--.

aii<l there mu send a tuft ol le.ives aini wreet

llo ver steiii- T n- 'cepiiig wait, fern [n rsllia)

stem usii. lly reeping n tlie

onus or borders i f stream:^, an-i

ii four leaflets floatiM,^ like bits of

nese ivy or Boston ivy, the morning-

Lcms elmg to other pla -^, or places

77iri/ arc climbing stems. T n there are

- wliich neither climb nor creep, nor do they

!< a )eaui . ii

iHi^tturii ot sl,

tlie
I

i'trv .-

ni<)> o'' th.

""he !>ea thfc^

niil;
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p'^Htul tTfct. ')Ut are between cnn^t and prosii it' .sUmu>

fe.ime fiaceim : tiiat is, tli* fiul of 'he stem ;u isos sonu-

wl at Irui le gruund, hoMuli the n}st of it may he

pr"Strate. 7'/iese are ascending ?*ems. Others t(»|)pl('

over >o tl -it the end is tuf "d toward ti ,. groun(h

Thef/ an ^' '"ftward bent >cunbent

Burrowin -terns. Tli' ti there .m- tenis wliich

'T'nv, as . were. The; cr« ii''>n<:; iiiuh'r this >ur-

fa )f the ground, 1 ^ hud i i.-imiL <r 'nirrowing along

as stem grows. 1 le mandrake. Solum<n's s«'al,

atj -t common hra^ Ren fi'rn an; w l-kno ii exam-

le The mandrake and Soh^mon's seal, and some

others, as you know, i* ni each year erect stems which

J

Flii. 7H. Unrrovv I!;: typi-. U\r iiiaiiilriiki'. ;i rhiz'

rise above the ground. Stems ichirlt Inif-' ai 7 'nu/' -

fJie surface of t/ie. (/round arc cdUcil roots cks, o, rh.

zomes, which means root form. They are i wn from

ii
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roots because they have buds and scale leaves, though

the rhizome of the bracken fern, the sensitive fern

(see Fig. 03), and some others have large green leaves

which rise above the ground. The trillium has a

short, thick rhizome.

Stems as Storehotuses for 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, like

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 })la<'ed 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. Kiilli nf hvai'iiitli.
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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 })lanted in the warm

ground ? Place several tu-

bers in cups of water so that

one end will be out of the

water, and set them in the •"""'•*• T"»«r ..f insu ,K.tato.

window of a warm room. Place some in a dark drawcn*

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 .'-.tem. If you dig away the soil carefully

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

underground stems more slender (jften than the erect

ones, which have buds and scale leaves 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 annuals make use of the potato for food.

Ill

11
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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 flowtr stem
which dies down in the autumn. Young eornis 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 conns arc

the crocus, gladiolus, etc.

To see how cornis 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,

are found in the ])ars-

FUi. SI. Conn of .lack-iii-tbi'-puljiit.

nip, beet, turnii), radish, etc. The upper i)art. where
the crown of leaves arises, is the stem, and the lower

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

Food is stored in rootstocks, or rhizomes, also, and
in tlie stems of tr(!os and shrubs. 13iit the kinds

enumerated above show some of the results which the
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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.

i
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CHAPTER IX

THE FULL-GROWN PLANT, ETC. (Continued)

HI. THE KOOT

Taproots. In tlie seedlings studied we found that

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

tion the seed is planted. This liabit of

downward growth in the first root is of

the greatest importance to the i)lant to

insure a lujld in tlh? soil where it must
obtain a large part of its fowl and all its

water. It al.s(» puts the root in a posi-

tion to send out numerous lateral roots

in search of food, and serves to bind the

l)lant more firudy to the ground. In

some plants the lirst root, or the one

which grows directly downward, main-

tains this direction, and grows to a large

size as ('()mi)ared with the lateral roots.

S>ir/i a root Is riiJUul 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

Vui.Wl. TappH.t of

tUmir-'iit.!,.
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^ branches, only it goes down-

ward. The dandelion is a good

example. The turnip, carrot,

and heet also have taproots.

The root system. The roots of

a plant, with all their branches,

Fio. 83. Filirons r.>(it» <,f Ihmii.

form the root system

<jf that plant. Where

the roots are many

and all more or less

slender, the system is

fibrous, or the jdant

is said to have fi-

brous nxifs. as in the

clover, the corn,

wlieat, grasses, etc.

Where one or more

of the roots are stout

and llcshy, the system

iH Jft'shi/, or the plant

/

\~^

\ \\

Fill. M. Air r<«)t8 of poison ivy.
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is said to have fleshtj 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
Kio. 85. Bracing roots of ludiau com.

tuber 8, b e-

cause they are

capable of

sprouting and

forming n e w
])otatoes. 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 k.o. m. Bracing roots of scr.w pine.
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in the soil. Some plants have also air roots (called der'ud

roots). Exauiine the air roots of the climbing j)oison

ivy, but be careful not to touch the leaves unless yi)u

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

i.s literally covered with these roots. They jjjrow away

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

and fasten it quite

tirmly to the tree.

Air roots or

})races are formed

in the Indian corn,

the screw pine, etc.

Air roots grow from

the branches of the

banyan tree of

India, and striking

into the ground

brace the wide

branching svstem

of the stems.

Buttresses are lormed i)artly of I'oot 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 ])lants to

fasten them to some ol)ject of support. They aid also

Klii. H". liiittn'ssi-s 111 ^^ilk-lnttllll irff. N.'issaii
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in supporting the i)lant and in holding the trunk or

stem upright. Another important work is the taking

up of water and of food sohitions

from the soil. In the ab.sorj)tion

of water from the soil the root

hairs of })lants play a very active

part. Pull up some of the .seed-

lings growing in the soil and rin.se

the roots in water. If the smaller

roots have not been broken off in

I'Ui. 88. K.Kit

liaire of Riiii-

flower geeil-

ling.

Ki<i. sii. l{(K«t

hairs of riiil-

iwh Bfeilliiig.

})ulling u})

of earth will j)e clinging

not be washed oif. This

hairs cling.so firmlv

This is seen in Fitj.

IS onh 'loist the water

^:..n fill! as thin as the

ble. which lies on

the .surface of the

soil particles. It

is neces.sary then

for the root hairs

to fix themselves

f|

the plant, particles

to them which can-

is because the ro(jt

to the soil
J
)art ides,

tn. When the .soil

in it forms a verv

lilin of a soap bub-

Flii. fW.

very clo.sely andof I'orn •'
'•• Soil <'.iiigiii(,' to riHit hairs ni

t.'ro«''."uI!L
tightly against "•"" •"--""g pu"-' ^o,,, Kro,„„i,

^'»^« the soil i)articles, .so fjuit they may come
in close contact with this film of water.
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While plants need a great deal of water a great

many kinds can thrive nnich better where the soil is

moist, not wet. Most of the cnltivated plants and

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

I'erhaps you have seen how small and yellow patches

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

lield. This is because there is too nuich water in soil

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

few trees and many other i)lants 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.

I

ill
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THE FULL-GROWN PLANT, ETC. ((ontiiiuHd)

IV. I.KAVKS

The color of leaves. In the spring and summer gather

leaves of ditfeniiit plants in the garden, field, and wood.-.

Examine tho.se of many more. In the autumn or win-

ter, plants in greenhouses or those grown in the room
will furnish leaves for oh.servation. What colors do
the different leaves have ? The oak, hickory, maple,
elm, strawherry, dandelion, corn, bean, pea are all

green in color.

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

Maybe you will sec in .some yard a coi)i)er beech, or

birch, with leaves that are copper colored or brown,
especially those that are on the ends of the new .shoots.

Tiiey are not .so bright when they get older. They
then show sliades oi brown and green. In the garden
or in the greenhouse you may see leaves that are red,

brown, or partly green a)id partly white. Th.^ coleus

plant has variegated leaves, ])art 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

00

M,
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are loaves difforiii}^ in color from the conimon grotm

leaf usually found in tin; flowor f^anlcn or greenhouse '.'

Plants whi(rh t^^row in the Hehls and woods occasionallv

have variegated leaves, hut they are ran;.

If you should happen to find the Indian-pipe j)lant,

or ghost plant, you would see that tlie leaves are wliite,

or sonu^tiines pink, but never green. They are very

Flii. 'Ji. l'm>iaiii ,ir • |lll^l^ y " •liMuiiiii siiiall thick K-avfs.

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

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

Do you know any other i)lants which always have white

leaves? Are the leaves of such |)lants always small?

The green leaf, compared with white ones.^ Compare

the green leaves with the white (jnes. You see that

nearly all the u'reen leaves you have gathered, such as

' The li-a\r.s of |iliints j^rowii in llic dark an- often wliite. Tliis

comparison slioukl lie made between leaves urown in the lii;lit.

i
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i hose of tlie oiik. cliii. iiiiii)l('. apple, bean, jtea, and

corn, are ln'oad and lliin. The Lrni>*s lca\e.s are lon^

and narrow, l»ut tliey are tliiu. It" yon have gathered

some ])ine U'aves, or h'avts of 1 e spruce. I>alsani. fir.

liemlock, or larch, you see how mix ilitlV-rent tliey are

from t!ie (»ther leaves. Perhaps have never heard

of leaves on the pijie, tor tlie\ are often calletl i)ine

needles. he<;uise of their nt .ille-ii <hape. I'hey are

not so thin as iiios* other 1< ives. and they are stilV.

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

•pusley"? Its haves arc not very large, and tliey are

thick. So we find that while most green leaves are

broad and thin, some arc not. Vou >ee how quickh"

the thin leaves wilt and dry after they an; picked. But

the pur.slane leaves do not w ilt so eas'ly. On hot days,

during a long "spell of dry wcatlu r." did you ever

notice how many of the plants with green leaves wilt

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

with the pur.shuu'?

"1

XoTK. — During late i*iiiimii'r and aiituinn tlie It-avcs ot' maiiy tr'i-n

take on ln'ight colors, such as rt'cl. yt'llow, etc.. ot varying shades. Tht-

pupils interested in gathering leaves will he attracted hy this brilliant

foliage. The heautiful coloring is tlie cxpres!<iou of certain changes

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

The causes of these colors furni too ditlicult a snl>ject fur discussion

hele. liul it should he Uli'li-I nlimil lii.it ill'- • aiit Uliili ii)li)r,-. of ieaVe.i

are not necessarily due to tiie action of fiost. since nruiy of the changes

occur before the frosts come.
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Tmk FoiiM OF Leavks

stalked leaves and sessile leaves. Mof^t h-avt > are

green. Most groeii leaves are broad and thin. Von

have seen this by looking at ditVerent kinds of leaves.

Have yon noticed the sha[)esof leaves ? Ves, of course.

You see the lar^j^cr luimber of them have a little stalk

(
pefio/e) where they -ire joined

to the stem wl> -h liolils out

the broad part [hUnIc). In

some of the water-lilies the

stalk is lonu' and large. In

many ferns the stalk is also

large and is s<jmetimes taken

for the stem (Fig. 93). But

in many other leaves there is

no stalk, and the blade is

seated on the stem ; snch

leaves are w.s.s/A'. 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 otla^r 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

"H i .
!•.'(. Sensitive fern sliowing larj;*'

leaves and the rhizome or riiot-

stiiek whirh runs iindergrouml.
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Flc. tH. Elm leaf lUtipiiU'S wliiTt' tlif li-.if

is {oiiiiMl til st<'iii>

tlie 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 simjile leaf.

How many pieces

are there in the

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

ash, hickory, and ailanthiis leaves ? If you do not lind

all these plants, you may find others which have leaves

somewhat like them. Perhaps yon

thought each (me of the pieces of

the blade was the entire leaf. But

see where the stalk of the leaf joins

the stem. The Irtif stulk (tnd all

tli((t if si/jipnffs is our ln(f. We
call Mich leaves as these ininj/oiOK/.

Do Vim: know a compound fern leaf?

'I'lic pieces of each compound leaf

arc called liajhts. Kacli leallet is

sujiportcfl on the leaf stalk by a

stdlhhi. \i you can find some of the ditferent kinds of

comp(juiid lea\cs. make drawings to show the shape, and

I'll Coinpoiiiiil loaf

.•fash.
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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 (J inp o ti n d.

The leaves of

the sensitive

plant, of the

honey locust

and some
others, are

t w i c e cftni-

poiuuL and so

on.
Fio. 90. Scales, leaves and young summer leiives in oi>.-n.ng

•>uc| (if ailantbus tree.

Leaves \veauin(; a Mask

Masks on the pea leaf. Some of the leaves which
you have seen may have puzzled }ou because they have
parts which are not leaf- ^ ,

^

like. The pea, for

example, has curled,

thread-like outgrowths A / ¥\

on the end, which Ave
-"""'''^ ^ *^

call fnuh'lls. These
tendrils cling to objects

and hold the pea vine

upright. Now see where

these tendrils are joined '""'• '' ''"'"';;'
,rr"

""'" ""'""'

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

as the leaflets. ulre they not leajfcts irhkh hare

chmujed in form to do <i certain kind of work for the

plants' Has the Intjlit Jure giren up its thin part and

kept the midrib, or rein, to

do this new work f 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

s(|uash or pnmj>kin vine, or

some one of their near rela-

tives. Draw a t-luster of

tendrils and show hovr they

are attached U) the vine.

Make a drawing- of a leaf.

Comparit the two. Do the

tendrils lorrespond to tiie

lar^re veins of the leaf ? Di<l

yoti ( t-r find one of these

wlii( li was part leal an<l

])art tendril ? Siicli leaves tell a ver\' interest iiiu: stoiv.

("an yon tell it
'.'

Spine-like leaves. If theie are barberry hushes

growintc in tiie yaid. examine them. \\ hat position

do the spines oeeiipy '.' See the sliof,. leafy hranciies

Kic. !>M. .\» l-Mha|»'<l lf:i\i.< ..f liiissiaii

thit^tli .
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which arise in the axil between tiie spines and stem.

Is not the s})ine a mask under which some of the

barberry leaves appear ?

Not all spines, however, are masked leaves. Where
do the spines or tiiorns occur on the hawthorn ? Have
you ever seen them on the Rus-

sian thistle, o** 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 Tosition of Lkaves

The j)lants in the field, forest,

and irardcu, as \v<'ll as those

grown in tlie house, can tell

some interesting st<jries about

the positions of their leaves on

the stem. The plants speak in

a very (piiet way. We cannot hear tiiem, because they

sjteak in a >ign huiguage. Now you know what this

means, so you uuist look at the j)lants and se(! how the

leaves are arranged. 77/, posltio)* of tin Icdns mi tJir

phmt is fhf sitjii. V,)u are to act as the interpreter

docs, and put what the leaves tell into your -'un words.

I"i(i. W. .S|iiiii'8 oil I'lljfe of

I'liinniiiii thistle leaf.
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One of rile 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 ligiit,

to be in such a position

on the plant tliat 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

stMius. the leaves stand

out liorizontally, sdtluit

they get light from the

sky when' it is strong-

est (sec Fig. 72). Vou

'I'c also that iti most (•a--fs mie lent is not din'Ctly over

aiintlicr. riiey arc set so that they ilo not shade one

aiiorhei'. If twn leaves are in the same perpcndieiilar

line, one is >(i murh ain'W- the other on the stem that

tlie siaunu'j li'j^hf ran i\isil\- reai h tiie lower on«'.
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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 !iear

the ends of the

branches, and on

top. As the

branch grew in

length the leaves

reaehing <nit all

around cut off

much light from

the center of the

plant, and the

leaves here,

which were form-

ed when the plant

was yoimger, 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 ob.serve how the leaves are arranged

on the oaks, majiles, elms, etc. Vimi uill sec that the

])osition of the leaves varies somewhat in (litVcrcnt tre«>s

Kl.i 101. H'rallirr liowii." cliii.
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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 liglit 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 'enter? Did you ever

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

a great many leaves standing out fiom its trunk on

young branches ? What story do they tell ?

The story that leaves of forest trees tell. In the dee\)

forest all the leaves of the larger trees are at the toj).

When these were very young trees, the leaves were near

the ground. The voung trees liad branches also near the

ground. Now the old forest trees show no branches

except near the top. They have long, straight, ban;

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

forest tell us that they shaded the lower brandies so

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

the branches died and dropped otf. A little light comes

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

have some leaves on them. l>ut 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
;
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lor ve 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 )(>u have gathered while learning the

stories of tht ir cuior and form, you will see that all of

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

cially f n the underside of the leaf as prominent raised

lines where tlie leal' substance is thicker. There are

large veins md small ones. The midrib of the leaf

is the larjxest vein.- The smaller veins branch out

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

If you look (Mrefully at the leaves of some plants (Fit-

fonia, for ."xani[>le. Fig. ]02). you will see that tlie

smalie'<t veins Un\a a tine netv/ork. The entire system

of veins in a leaf foniss the skeleton of the le.u". Where
the veins form a network the leaf is said to be )ief-

n'nud. Wliere the veins run in ])arallel lines through

the leaf th(; leaf is jxii'cnil-nincil.

You liave observe I ilie tTHiluatioa of tlie corn, and
tliat if has iiH. ri)/tff((/(,/i. How do the veins in t)ie
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leaves of tlie com run? In germinating hean.s, peas,

pumpkin, .sunflower, oak, etc., > "' '"'"^ tit^o eotijledonx.

How do the veins in the leaves . i • ..es^e i^ants run ?

The work of leaves. Leavet r > jt ' t-at deal of work.

They do .several kinds of woi.. i hey work together

to make plant food, and to do other work which we

shall learn later.

'iM'i^^ .i^:<'^J^:
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THE WORK OF PLANTS

CHAPTKR XI

HOW THE LIVING PLANT USES WATER TO REMAIN FIRM

To restore firmness in wilted plants. We all know
li(»\v soon llowcrs or plants wilt after being picked,

nnloss thev are kept wjiere the air is moist. Many
times we restore wilted flowers or ])lants to a fresh

or lirni condition hy pntting the cnt stems or roots

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

sIh.w how to hasten the retnrn of lirnmess or rigidity

in th> » ''u'd plant.

Cut otV s('\('ral of 'he <i'"dlings gnnving in the soil.

Allow them lo lie on the talde for seve;-il minntes nntil

they droop. Put the stem of oui- in a glass of water

and j)la(!e over this a fruit jar. Le.ne another stem in

a glass of water uncovered. The covered one should

revive soonei- than the uncover«Ml one.

How beet slices remain rigid. A heet freshly dug
from the soil is (piite firm. (.'ut out slices from the

74
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beet 4 to 5 cm.* long, 2 to 3 cm. broad, and about 4 to

5 mm. thick. Hold them between the thumb and

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

pressure. They are firm or rigid.

Place some of the slices of beet in a fiv«! per cent salt

solution,^ and some in fresh water. .Vftcr ;i half hour

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

Fig, lUt. Hfct -tlift-s ; at I«lt frosli cmc, iniilill.- one rift<T lyiiiiT in •M soliitidii, right-

IiaiiU one taken from .salt water ami placed in fresh water.

bend them between the thuml) and finger. They

remain rigid as before. Now test those which have

been Iviuy; in the .salt solution. Thcv are rnni) and

flabby and bend easily under pressure.

Now remove the slices from the salt solution and

})lace them in fresh water. After an hour or so test

'

'Jl cm. — 1 iiicli. 'J'l mill. = 1 inch.

2 Dissolve ii riiuii.led tal>l('S|i<M)iil'iil of talilc salt in a tuiiiMir of water.

Tiif solution will lie nearly a tivo jier cent one.
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FlO. 104. Make-believe cell, with sugar

solution inside, lying in water.

them again. They have regained tlieir 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. Fill 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, i)age 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 v/ater

and allow it to remain twentv-four hours.

Then take it out and set it on the table.

The membrane which was straight acnjss at first is

now bulged out because of inside pressure.

Fio. 105. Make-be-

lieve cell after
taking in water.
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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 l)ecause the

inside pressure i- removed. Now sink it in fresh water

again. The inside pressure returns, and the membrane

Km. IOC. .M;ike-belii've cell, at U'ft l>efore placing in water, niiildle one after lyinj; in

water has inside pressure, one at right after lying in very strong siigar solution

has collapsed or become flabby

.

bulges again. Thrust a sharj) needle through the mem-

brane when it is anthed or bulged, and ([uickly pull it

out again. The liquid spurts out because of the inside

jiressure.

What is it that causes the inside i)ressure ? Why is

the inside pressure removed when the vial is immersed

in the stronger solution ?
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Fiii. 107. PuiK-turiiig

M iiiake-lwlieve cell

after it lias l)eeii

lying ill w:iter.

Movement of water through membranes. Tliis 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 wht'u the vial containing the sugar solution is

immerse. 1 in fresh water, some of the water flrws

through the mem-

brane into the sugar

solution, because this

is stronger. This

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, become^ flat again.

Fiii. 108. Same as Fig. 107

after iieeille is removed.
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How the beet slice works. The beet slic- 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

ar:d salts in

solution in the

beet, and it is

the "puU"
which these

exert on the water outside that makes the V»eet 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 a-.t again ? /// the

beet slices there ((re thousands of tiioj innnhnairs
<>J

a

shnuj substance in the fonn of rounded sacs, each linin<j

a tiny box. Ererij one of these forms a plant cell, and

VUi. imi. IMcture of :i r.'.'il lilaut coll. ;it left it is in initmal

coiulition, inliMle one after lyiiig in a salt wiliition, out- at

right after bt-iiis; taken tri>ni salt ami plaeeil in water.

Fiti. no. CvWf- of beet si,. ". at left fresli. niidille on.s just |)1 le.-.l in salt water,

ones at right after lyinjj; in salt water a lew uioni. uts.

acts like the bladder membrane in the viakc-btlic-c ccH.

Inside these tiny membranes the sugars and salts ol" the

beet are in solution. Vflien the cells are fu^' and
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phim]) they press against each other and make the

entire mass of the beet firm and plump. They are

too tiny to be seen without the use of a microscope,

but we can look at some [)ictures 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

rouo-h network. The water in the plant,

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

A

I

Kio. 111. Sunflower

seedling fresh. It

is tiriii

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.
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/

These escape and filter through into the water outside.

In the case of the beet 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 i)laced in cold

water the red coloring matter does not es.;ape

and color the water. Nor

does the salt solution pull

it out when we place the

L.lice in salt water, al-

though some of the \, ater

is pulled out. But when

the beet slice is killed in

hot water the red color F"^- "2. same ...avn., .. si.own m Fig. m
lyiii{{ 111 salt watiT

escapes.

How other plant parts behave .c salt solution and in

water. Pull up a sunflower seedUng or some other

plant. It is firm and rigid

as we hold it in the hand,

and tiie leaves stand out

well, as shown in Fig. 111.

Immerse the li-aves and most

of the stem in a five i)er cent

salt solution for fifteen min-

utes. Now hold it ni the

hand. It is limp and tlal)by,

as shown in Fig. 113. Immerse the seedling in fresh

Fig. 11:!. Sunflower spoil-

li'ig taken from the salt

water. It is limp.
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water for half an hour and test it again. It has re-

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

you account for the behavior of the

seedling under the.se conditions?

How would it behave if we shoidd

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 created

in the same way, if it is desired

to multiply these experiments.

The effect of too

strong food solutions

in the soil. Some of ''^NN

Fig. 114. Sunflower seedling

taken from salt solution and

placed in 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

Flo. 115. Sunflower scedliniis

after salt .«iuliition was

poured iu soil.

Fui. lit!. Wiisliing

tlie salt out of the

soli.
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Fui. 117. After the

HurpluB salt lias

Iwen waslieil out

of tlie »i>il tin-

plants revive.

water from the plants so that they will become limp

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. IK).

In the morning the plants had straight-

ried up again, as shown in Fig. 117,

..cause the excess of salt was washed out

., tb- soil and the root hairs could then

abso b 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,

soft, yet it stands up firm

great weight of the leaf

blade on the end. If you

shave off one or two thin

strips from the side, it

•eakens the leafstalk

rreatly. ^*'hy does the

leafstalk become so

weak when so little of

Leaf of l.ie plant (rhubarb) before aii.i after siiuv \\^q SUrfaCe Is FCmOVed .

ing otf two narrow strips from the leafstalk.
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"(

jiu-lij IJ.

i I

1

Cut a piece from a fresh leafstalk' six or eight

inches long. Cut the ends squarely. With ;i knife

remove a strip from one side, the entire

length of the pit-ce. Try to put it in

place again. It is shorter than it was

hefore. Remove another strip and

another, until the entire outer surface

has heen removed. Now try to put one

of the outside strips in place again. It

is now shorter than before as compared

with the center pie^e.

You see when tho outside strip was

Fig. 119. Portion of removed it sliortcneci up. When all the
leafstalk of pie

_ i .1 i.

plant Av,hone strip outsldc strips werc removcd tlie center

piece lengthened out. I think now you

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

course it nuist have plenty of water in it to mnke the

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

Fio. 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 (•annot be obtained, tlie plant known as Caladiuin

in gl•eenhou^se.. i« e.\cell.;nt. In early sunitiier the young «'>ft shoots

of elder are good for the experiment.



HOW THE LIVING PLANT USES WATER 85

water, is limp. You see uhen it is covered with the

outside strips, as it is when undisturhed, the outside

part is pullin- to shorten the stalk and the center is

pushing to len-then it. This Inujtinnse j.dl bdiveen

the inside and outside parts mahrs th: shdk jinn.

Wliy tl-s dandelion stem curls. Did you ever hreak

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

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

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

Fio. Vl\. ."ip fr<.n. .Iai..l.'li.m stem in wator, at l.-ft it Kra.lu,-ill.v -..il. up,

ill salt water at riylit it \iiiiM.ils.

a stem with a k ife or with your lingers it will curl

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

outside pan 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 siihstanre in the thuj cells takes In more tcatcr and sn-clls

so, that all together the;/ jmsh harder than the;/ did before.

To prove this, put the strips from the dandelion stem

in salt water. They be^in to uncoil aiui tinally become



86 THE WORK OF PLANTS

nearly : .. light and quite' limp. We know this is

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

it dues in the beet sliee.

Now place the strips from

the salt water back into

fresh water. Tliey become

firm and -^oil 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 })iece of soft

./ood, with the ends close

together, as shown in Fig.

V22. 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.

"HJo^

Fio. 12_. Strip frnin ilanilelion stem

mwlf to iinitiU'' a plaut temlril.
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HOW THE ROOT LIFTS WATER IN THE PLANT

Root pressure in seedli"<?s. To see this we nmy use

the Heedliiigs which are growhig gorously— sun-

flower, hean, pmiipkiu. buckwlie.it,

ind otliers. With a sharp k>nffc C'

cut otf the stem nea 'ui uppc.-

end. in a few minutes a drop of

water will he 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 woidvl not flow upward out ^'

of the stem ludess 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

Studv, take up water from the soil Fi.:.123. Drop of water pre8i>e.l

"
,

,

,

, , . (• •II out of cut fiiil of sti-ni of

through the root liairS so 10rCll>ly g,„,„„„.er seedling by work of

as to produce an inside pressure ""'*"•

v.'hich makes the tissue firm. This water is passed

inward in the root by a similar pi'ocess until it reaches

87
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minute vessels or tubes which are continuous with

similar tubes in the stem. The continued pressure

^^ --:? which is formed in the roots lifts

the water up and forces it out

through the cut end of the stem.

(The l)leeding of cut stems in

winter or early spring is due to

changes in the expansion of the

air, l)ecause of the great differ-

ences in temperature.)

Root Pressure 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

pri'pare a short piece of rubber

tul)ing 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.

Fi(i. 1-4. Cutting "If 9ti-iii of

t);ilp;itM pl'iiit.
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To start the experiment to show root pressure. With

the knife cut off the stem squarely near the groiuid,

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

Fio. 125. The iiiatLTiiils for setting up the ai.i);iriitus 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 wdiich 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 w^ere growing. Observations on the
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Fi(i. 126. The experiment

in operation sbowinj;
wat'T risinjr in tlie ^lass

tube.

THE WORK OF PLANTS

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 1 lat

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 ^

' fJct one sheei)'8 bladder, or several, at the

butcher's and remove the surplus meat. Inflate,
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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 i)roperly. 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 sohition; 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 thr(jugh into

tie the open end. and rlace where it will <lry. From -'lese dried l.ladders

a membrane can he cut whenever wanted. SoaK in witer before Using.

Fkj. 127. A
" thistle"

tube.

Fill. 12H. App:ir!it\is wiili

thistle tubi'. MadcU-r iiicin-

brnne, ami sugar sohition

to imitate root pressure.
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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 )f sugar and rest

the tube in a shallow vessel of water. Observe how

the sugar becomes wet from the water which is drawn

FlO. 129. The same fipparatua

88 shown in t"ni. 12.H. but a

leaf of a plant takes the

place of the bladder mem-
brane.
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through the potato tube. Doe-^ he water rise in this

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

Why ?

NoTK -A living leaf of a plant may take the place of the bladder

membrane. In the experiment illustrated in Fi-. \2'.> tl.e leaf of

the jewel wee.l, or wil.l toucli-ine-uot (ImpatieKs\ was used instead ot

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 cor.l.

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 c.n.e in contact wiM. boiling water to

kill it. The tube was then replaced i.) the bottle of water. Stranre

as it may seem, the dead leaf worked much better as a ine..,b,ane than

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

in two or thre^ days.
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II

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 i° not able to absorb

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

the plant in order to (jbtain even a small amount of

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

plant. Some of the water is iised 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 i)lants. Place

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

in Fig.
"

>. Place another jar by its side, but put no

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

water on them and that tlie jars arc dry. In the

course of fifteen or twenty minutes you can see a thin
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film, on the 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 iu small drops

FlO. 130. To .-liow loss of water from leaves, the leaves just cuverol.

which become larger as the experiment contivxues.

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

formed the moisture lilm, c.nd later the drops, on the

inner surface of the jar covering the leaves must come

FiO. 131. After ii few hoi.rs drops of water liave accuniu'.ated 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 accumulating on the jar, so that it must 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 \. ater is in t!iis form in the air we call it vajjor.

The water j)asses of 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 tlie 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 ^he

plant to prevent the evaporation of

water from the soil or pot. During

Fig. 132. Water i* given several liours tlic molsturc film can

rcLrjTe^r^ be seen forming on the inside of the

P^*^'-
L^lass vessel. Gra(hially it accumulates

until numerous drops are formed, some of which in

time may trickle down the side of the jar. The
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accumulation of the moisture may often be liastened

or increased at certain places on the jar by holding

a piece of ice near th<' 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. TJie Ikhuj jAant, then, loses icater

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 tiien 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. llie

wet or moist paper is

thoroughly dry it is blue.

Fio . 133 . A K(W)d way to show that the water passes

off fr(jin the leaves in the form of water vapor.

also red, hut 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 U6. 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 time

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 ^ame 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 imder the utlier jar will remain blue, or be only

slightly reddened. The icater vapor passing off from

the livbuj plant comes in contact icith the sensitive cobalt

chloride in the paper and reddens it before there is

sufficient vap>or 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 ena iIp^I 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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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. Imr rse

one lot in boiling water for a few moments to kili 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 nuich more water than

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

•"hey 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 tlui \\h\ substance

within the plant, but also by a regulating apparatus

of the leaves. 77/^ Io,sh of ivater from plants under

these conditions ire. call transpiration.

Does transpiration take place equally on both surfaces

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

the cobalt cliloride ]);

kept from year to

year and used re-

peatedly, it is a

very simple mat-

ter to make these

ex])eriments. Pro-

vide two pieces of

glass (discarded

Since this paper can be

Km. I'.'A. TUe holes istoniati-s) in tht' leaf liorilereii

by the guanl cells.
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glass negatives, cleaned, ar<! excellent), two pieces of

cobalt chloride ])ai)er, and Home 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
;

p' ice the geranium leaf with t)ie underside on the paper.

On Jie upper side of the leaf now

})lace the other cobalt paper, and next

the second piece of glass. On the

pile place a light weight to keep the

Fio.135. Ti.e»tou>ate<.pen.
j,,^^^^ ^^.yH [^ contact. lu fifteen or

twenty minutes open and examine. 77<e paper v(\d

the underside of the (jirnnium led/ is red tvhere it lies

under the leaf. The paper on the upper side is onbj

slighthj 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-

.•<cope to look through pieces of the skin, or epidermis,

of the leaf which we can strij) off. Perhaps it will be

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

it made from the leaf. Fig. lo4 shows little holes

through the epidermis. These open into spaces between
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the cells inside the lejif. Two oells, each shaped like a

crescent, if you take a surface view, fit in such a way

around the o[h tiing that they stand guard over it. We
call them tjunnl evils.

During tlu^ day the guard cells are lilled tightly

with water and press hack against the other cells and

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

lose some of their water, so the} are not so tight.

They then collapse a little, so that

their iuuer edges come together and

close the opening. The water rapor

cannot escape so fast iclten the stoniatcs

are closed.

On very sunny days during dry

weather, if the roots cannot give the

1 , 1 J. il 1 11 yi"- I'M"'- Tli« ^toiiKite
phint enough water, the guard cells

..i,„...i; ti.o air Him,-,s in

se some oi their water, so tliat tlu'\

close up and prevmit 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 lea-'es

more water is drawn up into the leaf to take its place.
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This work is done by the tiny colls 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 tv.lje 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 tub*;. When the

water is nearly all out of

this arm, mercury may be

poured in. and after a time

tlie mercury will l)e lifted

hiii;lier 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.

Flci. 137. ShdWiiig that tin- Iraf can

r:i iter ill the stfiii as it is jjiveii

i)tf . .ill' Burfaco.
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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. Yovmg

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 l)e

done. If it is not sum-

mer time, when the soil

in the pot would be quite

warm enough, tlie pot

may be set in a broad

pan of wet moss or saw-

dust, and here covered

with the fruit jar. A
flame from a spirit lamp

may be set so that it will

warm the edge of tlie pan,

but the soil in tlie ])ot

must not be allowed to

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

appear })eaded with the (Iroi)s of water which are

pressed out. There are little holes on the edge of

the leaf through which the water escapes. These are

icater stomatcs.

Fici. I3.S. Tlie roots are lifting more water

into the plant than can lie ;;iven otf in

tlir lonii of water vapor, go it is jjressed

out ill drops.
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This condition of things sometimes liappens at night

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

that the green leaves cannot transpire rapidly. We sat/,

then, that root pressure exceeds transpiration. When a

plant wilts on a hot, dry day, it is tmnsjnrlng faster than

the roots can lift np water, because there is so little neater

in the dry soU. Transpiration now exceeds root pressure.

It
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CHAPTER XIV

THE WATER PATH IN PLANTS

How to determine the water path. You will l)e inter-

ested to find the paths hy wliieh so nnieh water flows

through the plant. These may bs- ihown in a very easy

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

wild Impatlens or jewel weed, or similar plants. These

are very good ones for the purpose, ^'ut 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 tliese 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 tbe red color ii« tlie leaves, or in the Avhite petals.

At least in a dav thev will begin to show the red c-olor.

105
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Fio. 139. Slioota of uanlcii lialsani, begonia.

AU'\ pt'a, in coloreil solution.
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There are several distinct water paths in the shoot.

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

taken up along witli Mie water and stains

the plant. In the _,,irden 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

as small round red spots where the colored

water has passed. In splitting the stem

they would api)ear as long red streaks or

bundles. In these bundles there are tiny

tubes or vessels, through ichlch the water

flows. Tliercfore we call the water paths

in 2)l(i>its vascular bundles.

The arrangement of the vascular bundles.

In cutting across the shoot of the garden

balsam, or coleus, or begonia, you \\'ill see

that these bundles have a regular arrange-

ment. They are in the form of a ring.

These plants are annuals, that is, they li\ e Ft.;, ui. c.it on.i

only one year. There is but one ring of

bundles in them. If yor. look at the

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

will see many rings. Each year the l>undle grows in

Fig. 140. Portion

of stemof (jartleii

balsam. The col-

ored tracts show
through the
outside of the

stem.

f stem showing
where till- water

paths are located.
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VlG. 142. Cross section of <«ik, show-

ing annual rings.

an outward direction as the tree becomes larger. Tlie

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. xVs all the

bundles in the tree ' e 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 trc;; grows, so tliat

the approximate age of the tree can

be t(jld 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

rk the })osition of the bundles are

ranged ir gularly. If a fresh-

growing cornstalk is not at hand, take

an old dried one. With a knife cut

around and just througli the outer hard fu;. u? vascuiar
''

_ .
Imniilcs of corn stem

layer. Then gently break it, i)ulhng (where the water

,
. oaths are hx'ated).

apart tho two ends at the same tune.

As it breaks, the Ijundles pull out as stiif strings in the

pith, and hi this way the irregular arrangement is easily

:i
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seen. A section of the stem of a palm sliows that here,

also, the vascular bundles are arranged irregularly.

Plants with netted-veined leaves usually have the

vascular bundles arranged rtigularly in rings, while

plants with paraliel-veined leaves usually have the

vascular bimdles 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. I . ^^ leaves are

netted-veined, and the bundles are
Fill. 144. "ross section of i.alm . •• . , , .-,

sum. There are m. annual ^ regular rmgs. L omparc 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 i)arallel-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 witli two cotyledons ? In plants with a single

cotyledon ? What are these two large grou])S of })lants

called ?
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THE LIVING PLANT FORMS STARCH

All our starch is formed by plants. Starch i.s one of

the essential foods of man and other animab. 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

tu])er, 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 ol^tained from the drug

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

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

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

starch, which can be obtained at the grocery. ?our

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

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

109
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warm tlie water so that the starch will be well wetted.

Now cool it by moving the end of the tube in »;old 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 l)lue

because the numerous

starch grains are colored

blue by it. Now hold the

end of the tube over the

llame again for a few

miimtes, but do not let it

jret hot. The blue color

disappears, because the

warm water extracts the

iodine from the starch.

(Jool the tul^e again and

the l)lu»' color reappears.

To test the starch in a

Fio. 145. rorngt.ir.-ii .lissoiv.-ii in w.itcr, potato tuber. Cut a potato
and tincture f>f ic«line aildvil. At lift tlio , . i i

Bolutloii is (-"Id, niid.llc one i« he,it.-.l (Irisll pOtato) HI tWO, and
gliglitlv, :it right it ia cooled.

,
/.

on the cut suriace scrape

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

some of the tincture of i(xline t(j the jmtato jndp. It

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

starch. Plac<> some of tlie pulp in water in a test tube,

and add a few drops of the tincture of iodine. Then

heat it trentlv to see if it behaves like the cornstarch.
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Test for starch in Indian com. Split a kernel of

Indian corn and scra])e 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 form of sugar. The sugar

beet is a reservoir for food. It is

not stored as starch but as sugar.

Fki. 146. VarUgiitfd l<-iif iif gnuts

(wUiti- ami jiroi-ii).

li

Starch formed in green

leaves. Take a few green

leaves which have been in

the sunlight through the

day. Immerse them over-

niglit in a strong solution

of chloral hydrate in the

proportic^n of five ounces

of chloral hydrate^ to one-

half a tumbler of water.

This will remove the green

color and the lea\'es bec(jme
Fu;. 147. \ i.riegate(l leaf of alniti/on.

' Chloral hydrate, van be ohtanicd at thf drug .store, ten ounces for

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

5 CO. 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-

solvini; 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 th(^ plant in the dark for a

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

find no starch })resent.

Where starch is formed in the

variegated leaves of the coleus plant.

The leaf of tlie coleus plant is

variegated, that is, it has diiferent

colors. In this one which we are

to study, part of the loaf is green

and part is white, the green occupy-

ing the middle portion and the bor-

der, while the white forms a V
fiirure 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

Fl<i. 148. Varit-jjatetl leaf of

coleus i>lant, in fresh con-

dition.

11

1 Tlie tincture of iodine can be purcliased at the druj,' Htoie. Or

one-<iuarter ounce of the crystals of iodine may be purchased and a few

placed in alcohol as needed.
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are almost entirely white, the chlorophyll having been

removed. We will rinse them a moment in water and

then place them in the tincture of iodine. Those

portions which were green are

now qnite dark, while the V-shaped

figure, or that part which was

white, remains white in the iodine

or does not take the dark color.

21ic (jreen part of the h(tf, then,

/onus starch. We have now learned

that the leaf-green as well as sun-

light is necessary to make starch.

The leaf-green cannot make starch

in the dark, nor can the light make

starch in porti(nis of a leaf which

have no leaf-green.

Starch is formed in the green leaf durir? the day, but

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

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

\k' t from that spot. Take two corks, place one on

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

and thrust two pins tlirough 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 codtaiii st.irch. so that the part coverftd by the

corks, as wll as the uncovered portion, now contains

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

Fl<i. ItU. Similar Uaf iiftrr

Urii'ii coliir is reiiiovuii and

tr<-ut«'<l with ioiliiio to show

looatioii of sturch.
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afternoon, we will take this Mame leaf, removo the corks,

and immerse it overnight in the strong chloral-liydrate

solution to remove the green colcjr. Now we will rinse

it and phvce it in the tincture of iodine. The j)tirf of

till' linf vhich wan

covered hif the iork»

does not shoir the

std/'ch reaction, irlule

the othir jxirfs of the

leaf do. So it nuist

be that the starch dis-

Fiii. iM. Pump) ill leavtH; at i.ft portion of appeared from tlic loaf
K'lif coViT«'(t to keep out »niili(;lit ; at rifilit siiiiit' . . .

leaf treiited with iodine, uo gtarcU where leaf « :w at U 1 g 11 1, that l\^W
covered. ,

,
.

starch was made in

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

formed in the part covered from the light.

When tiie 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? f'or what purpose is the

starch stored up in reservoirs?
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CHAPTER XVI

THE WORK DONE BY PLANTS IN MAKING STARCH

Plants do work. It .se<*in>: strant^c that plants work;

yet it is ([uite trim. Sonui plants do a groat deal of

work, and hard work too. Plants work when they

make starch, thongh, as we have seen, they cannot do

this work withont thf lu'l[) of light. Bnt light, with-

ont th«' leaf-green and the living plant, cannot make

starch. We cannot .see the work which the green

plant does, bnt it is easy to see some of the signs which

tell that the work is going on. We nnist learn to read

the sign language.

How water plants tell of this work. Let us select

some water weeds, or leafy i)laiits which grow in ponds,

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

is the dodt'ii, l)ut when tiiis cannot he found others

may be obtained which will .^i-rvo (piite as well. Tin;

plants may be brought to the rcjom 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 il Liic da\ im riuudv. In a very .Nliort ti; le

bubbles of gas collect on the hsaves, small ones at iiist,

but increasing in size until they are freed. Then they

115
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rise to the surf.iee of the water. Some of the plants

should be placed in an inverted position in the bottle so

that the cui ciid 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. ^lost of the gas, it

is true, came from the leaves, but

there an; air spact^s all through the

plant between the (>ells, so that the

gas which is formed in the It-aves can

[)ass out not only at tiny openings in

tlu! 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 ])lants are kept in

the window for several days, and there

is clcnidy weatluir 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 ])0ttle from the win-

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

The gas is given otf more slowly. (Vn'er the bottle

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

minutes uncover it. The escape of the gas has cea.sed.

Kiii, ir.l. The •tell-tale"

IniliMes rising frcmi a

water jilaiit.

ma
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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 i^een tiie green-looking " scum," as

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

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

the s})ring 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 l)it 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

float;* on tlie water, has a great

many bub])les 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 tlie

l)ubbles of gas begin to f m again

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

Vui. 152. P.iiUliles risiiiK from

liond scum in suiiliglit.

,41

t I



118 THE WORK OF PLANTS

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 imder ^"ater, 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 tlie 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 himl phmt 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 sunlijjht, there is a rise in the temperature which causes

the air around the leaf to exjiand. 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 temi>era-

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
evideii.e 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

nses wliich 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 pli ' >es, some of the life substance is consumed.

We mi. lerstand 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 be assimilated with the other food

suhstanres taken up by the root from the soil, or hy the

ivater plant from the water, before living material is

made.

When we eat soli-l food substances they are acted

on by certain juices of the mo'ith, stomach, and other

organs. A part of the f(jod is thus digested and dis-

solved. These food solutions art then absorbed through

the surface of the large intestine, where they enter the

blood. In 1^ blood vessels they are finally carried to

all parts of the l^ody. where thej come in contact with

the living matter. The digested food is now assimilated

piece of v. ood in water, ar.d 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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and helps to make new living matter to replace that

which ha« leen used up in growth or work.

The case with the i)lants is somewhat similar, thougl.

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 sul)stance. 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 ij

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.



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 elodca

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 ou' of the water, invert it

and lower it over the end of the

funnel as shown in Fig. loo. 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 ful^ of the buoyant gas.

121

FiQ. 153. Catching the bubbles

of iias in a tost tube.
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The gas now, as it is given off from tlie water plant,

rises tlirough the funnel and into the test tube where

it accumulates in the upper end and gradually dis[)laces

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 cud 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 trom

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

Fir,. 154. Ready to see what the p,'i.s is.
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GAS WHICH PLANTS GIVE OFF

is necessary in making a iire 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 tliere is so much

oxygen caught in the

test tube from the plant

that the glowing coal

readily flames again.

How is the gas formed ? It is ditiicult tt) 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 tlie chem-

ical com])ounds, as they are called, and how they some-

thues chanue 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 given

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

shows us that something w^as in the water wdiich the

boiling dro\e 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 oft" 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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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

perhai)S have been told that the air consists of about

twetifi/-o)ie jxirfs of iiiirorjen gas, sermtij-nhte 2>nrts of

oxygen gas, am/ a rrri/ small fraction of carhon-dloxid

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

pound ; that is, it is ('oni[)osed of two elements united.

There is one part of carhon and there are tiro jxirts

of oxijgnu and it is written thus, COo. The carbons

and oxygens liold on to each other very tightly, but

so soon as they come in contact with water they quickly

take up s(Mue 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, tiro

parts, and oxygen, one part, and its symbol is written

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

the air is absorljed l)y the leaves of the land ])lants it

comes into direct contact with the water in their cells,

and forms immediately carbonic acid, just as it does

wdien 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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Now the carbon, hydrogen, and oxygen in the carbonic

acid do not hold on to each other verv tightly. When

they get into the green of the leaf and the Knnlight

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

hurry to form new associations or compounds which

the sunlight cannot break. Pcrhajts it is because they

hurry so, that the new associaticms they make are not

permanent ; at all events these are soon l)roken and

others formed, until finally the elements unite in such

a way as lo form sugar in the leaf. The symlxd for

this sugar is ('..lIi^O,;. To get this it was necessary

for six parts of the carljonic acid to combine. This

would take all of the carljon 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

auK^unt 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 })art of water (H^O)

goes out of it, leaving ("lillmO.-,, which is the symlud

for starch.

ii!

sr
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HOW PLANTS BREATHE

i

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

Imigs as we do, how can they l)reathe ? There are

many animals which do not have hnigs, as the

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

they breathe. Breathing in animals we call

resplrafion. So in plants hreatlibvj Is rcspinition.

Respiration in germinating seeds. Soak a

handful of peas for twenty-four hours in water.

Remove them from the water and put them in

KV:j J ii bottle or a fruit jar. Cork tightly

or cover with a })ie('e 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; wav. Ligiit a

taper or a si)linter, and as the cover

is removed from the jar thrust the

lighted end into the jar. Tiie flame

is extinguished. Now light the ta])er again, uncover the

120
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FiCr. 156. Pe.TS jferniinat-

ing in a closetl jar.
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empty bottle and thrust the liji^hted end of the taper

into it. The flame is uot extinguishtid. A suffocating

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

given off by the germinating peas. Being confined

in the jar, so much of it accumuhited that it

smothered the flame.

Lime-water or baryta-water is a test for

carbon-dioxid gas. Make some

j
nn)e-\vater by dissolving lime in

water and allowing it to settle.

Baryta-water is even better.

Make a saturated sol'ition of baruim

hydrate. Filter; or allow it to settle,

and then pour off" the ck;'r liquid. It

should be kept corked when not in use.

Take some in a siiallow vessel. Open

the ja.' containing the germinating peas

and pour from it seme of the carbon-

dioxid gas into the baryta-water. (The

cavl)on-dioxid gas is heavier than air and

th.-refore 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

Fl(i. 157. Tht> light

is 8iiii>th(Tt'il in

the gas given <itf

by gerininuting

pciis.

^ Barium carbona'e, if l)ani;a-water is used, or calcium carii .aie,

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

are not so .striking as with baryta-water. To make lime-water, take
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that this whhc .suh.stanc*' is foniicd l»y the union of

carl)on dioxid and baryta-water. I'oiir some of tlie

baryta-watt!r down the sides of tlie jar and on the i»eas.

Notice th(; whitt^ siihstance which is formed.

Carbon dioxid from our breath. Take; some of the fn-sh

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

same white precipitate is formed, because tliere is

a quantity of the carljon dioxid exhaled fnuu ou»' lungs

as we ])reathe. It is interesting to show this close

agreement between plant life and animal life.

Plants take in oxygen gas while they breathe. Plants

recpiire oxygen in the process of respiration just as

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

concerned, res})iration consists in the taking in of

oxygen gas into the plant or animal body, and the

giving ofl' 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 })lace it in

the folds of damp cloth (jr paper in a moist vessel.

Let it remain until it begins to gcinninate. Fill the

bulb of a thistle tube with the germmating wheat. By

the aid of a stand and clamp, support the tube upright,

a lump of lime twice th<^ size of a hen's i-,i;,l; and i)ut it in a iiuart

of water. Ahow u tu nt.-tiic and ui a liav "I i>^<' I'Dar uii tiie clt-ar

lifjuid ; Cork in a bottle before nsini;-. The wliite Hub.stance formed

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

carbon dioxid.
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I
as shown in V'v^. 108. Let tlio small end of \\u' tul>.>

rest ill a Mi^ng isuliition of caustic potash (one* stick

caustic j)otash in two-tliinls tumbler of water) to wliich

red ink ha- hocn added t(j i-ive a dt-i'i) re*! cohir. Place

a small j,das,s plate over the rim of the hulh and seal

it air-tight with an al)imdance

of vaseline. Two tubes can be

set up in one ves .-1. or a second

one can bo set up in stroii,

baryta -water colored in the

same way.

The result. You will see that

the solution of caustic potash

rises slowly in the tube. The

baryta-water will also, if that

is used. The solution is colored

so that you can })lainly 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 dw, lieight shown in Fig. 108.

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

')'.).

Why the solution of caustic potash rises in the tube.

Since no air can get into the thistle tul)o from nbovp

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

is inside the tube is used up while the wheat is

I'lii. 158. Aiipanitiis to show
" liri'Hihiug " of gtrminiitinj'

whtat.

11
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.^

germinating. From our study of germinating peas we

know tliat 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.

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.

Yes, it does : but the oxygen 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 oi consumed

whOe the^'planl breathes. When a fire burns, oxyg.^^n

Fio. 159. The same later.

1
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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 wlien 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.

.V-.
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Part III

THE BEHAVIOR OF PLANTS

CHAPTER XIX

THE SENSITIVE PLANT

One of the most interesting manifestations of life

in plants is the rapid movement of the leaves in the

so-called sensitive plant {Jllmosa pudica). The j)lant

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

Kli.. \it). l,i;it III !<iii!iiliv«- (ilaiil.

ureenhoiisc or in the window of a room, if it is ])ro-

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

in late spring will bring forth good jdants re->dy for

use in late summer f)r during the autumn.
V.Vi
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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 leatleis {jjiiimf) arranged

in pairs along four different axes, which are joined to

a stalk (the pd'tole 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 kno\v 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 force})s, 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 p.iirs on

the.se close up until all are closed. By this tim».\,

Fiii. 101. Move-
IlUIlt of t ll 1^

Icartcts after
piiK'liiii^ one.

%Um
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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

tliroagh the

leaf, and in

response to

it the move-

ment takes

Fio. 16-2. Position of leaf after move-

ment has ceased.

place. If we jar a sensi-

tive i)lant suddenly, all the

leaves close up and assume

a drooping position, as

shown m Fig. 163.
Ku>. 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 necersary before they will open again.

This teaches us one of the influences which light exerts

on plants. This plant is very sensitive to contact witii

other objects or tj 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 c less sensitive, some being more

so than others. This we can readily see by observing

the relation of other plants to the light.

I
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CHAPTER XX

THE BEHAVIOR OF PLANTS TOWARD LIGHT

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

Fli; 1C4. Pumpkin swdlinjjs : oru- at Itft grown in SUmC tUUe, U\ lllQ

ilark, one at right of name- iige grown in light. i • i ,

Observe the plants about twice each week. Make

measurements of the growth; sketdi, and keep a

136
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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 wit'i 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-

liow^er, 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. I he stem gnnvn in the dark is

Fiii. IfiTi. Buckwheat seed-

lings grown in light.

f

F

nuich lunger than the one grown in

the light. These i)lants are about one

week old. Fig. 16G 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

seedlings grown in
Fio. 106. Buckwheat seedlint^s of same age,

gmwn in dark.

r
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the (lark 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. 1(50. They cannot support

their own weight, but

fall oyer 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

lis-ht arc stouter and

i-Ki. 1G8 Sunflower Rood- firmer aud are able to

liiiirs ;!rii\vii ill (liirk, (ililrr . -i je
than in Fig. 1.57. auMiuce.1., support tlicmselves. It
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we crush these stems with the fingers, Ave find those

grown in the liglit firmer than tliose grown in the dark.

A more accurate test wouhl be to dry the i)lants tlior-

oughly and then to weigh tliem. The plants grown in

the liglit would ovitweigh those grown

in the dark. In other words, thev have

made more ])lant substance. It will

1h! remem-
bered that

irreen plants

^ for m
/" starch in

sunlight.

The starch is u.-^cd. much

of it, in making new plant

substance, especially cell

walls, which constitute the

firmer portions of plants.

This is the reason, then,

saM„;sf,-,iiii,Kssh,,«iiiiiKi-. iiu,
-^yi^y the stems i^rown in

but oUltT. -^ *-

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. IGO). Compare the leaves

Km-.. 1(J9.
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on tlie i)liiiit grown in the dark witli those on the phmt

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

Light, then, increases the size ' f

the leav<'s of such plants as the

pumpkin, sunflower, huckwheat,

etc. How is it with the wheat

and similar plants ?

Do the cotyledons of the pitv -

kin or squash open in the d. k ?

As the cotyledons of the pumpkin

sli}) from the seed coats and are

pidled out of the ground by the

loop, they are clashed 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 i)um})kin seedlings

which have grown in the light, and in

Avliich 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

i.>-j

FlO. 170. SunflowtT seedling,

grown in lisl't. just covered

to exclude light.

Fio. 171. Siuno seed-

ihiys aftrf bring
covered two days.



:\?*Tr»' f?-'T^

BEHAVIOR OF PLANTS TOWARD LIGHT 141

cotyledcjiiH open again. If wo. examine tlieni at night

when it is dark, wv. nsually find them clasped together

and erect. As the morning light comes (m they open

again. The light, tlujn, must have an influence in

spreading the cotyledons a})art.

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 pu)u])kin or

s([uash, grown in tlie dark, as

shown iu Fig. 1()4. Thi! cotyle-

dons remain -losed. Fig. 1(»U is

very interesting; the stem as it H" i'-'- sutnr sf.-.iiiiig» after
'

,
i'X|M«uri> to light ayiiiii.

grows IS obliged to pusli its way

out from between the cotyledons at one side, so tightly

are they clasped together. These C(jtyledons have never

opened becau.se they have been kept from the light.

Arrangement of leaves in relation to light. The

position of the leaves on plants, whether the j)lant

is small or larg(\ is such as to place the leaf so that

it will rocei\e an abundance of light. The relation of

the leaves of a given plant to one anotlier is sucii 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 bro^glit into the
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class-room so that the })upils may luako romparisona

;

although such obsei vations slioiil.l be made in li-'Uls

ami ginlens wlieiiever possiblf

Influence of light on the day position of leaves. Liglit

ha> great intlueuce ..u ihe position -f the leaves during

f^ ji the day. just as it

,^^iir^^f\y^-, has on the position

of the pMUipkin

cotyledons which

we have Mist

>tii(iitHl, or on the

lea^esof the sensi-

tive plant. It act

as a stimulus to

adjust the leaf ^^o

tliji ilif li.uiit wdll

fal full upon thf

up;nr surface, or

near?y so. I !i

sct'ie plants tli .s

P(.>!rion l»r'Oome^

mi re or If--- fix 'd.

1. it i U M !

Fki. IT.i. Yf.ung Bunrt'iwer I'lnit ; !.! l^ft in i lit. it right

aft'ir V><'!i'_f I'rtviT.Ml twi. .I:i- >* to «!uit out liglit.

]) ut>

*\..

oxalis, and many m.-re, the leaves ehangt- ti.

night and C.u . . The leaves u- udly occupy mg

\i I

i
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posiiioi ;it ni^'lit. a i kIi tv f iwiiiji mon ^ tlicy

art! brought b) he infhu'iuc (if h t into the « ly ;>osi-

tion Jii;:Mn. Tins din .piiii: po.siti' i
^

of li iit iiigiit liii> hccii tcriucil

the • sli'»-p . : plants." j>iit it is not in

a»i\ senses luep. In the '" conij^iss
"

j iant th^ leaves stand vertical nl

point notth and sunt I f

The igat position of leaves is due

to unequal ^rowtr Wh . the ieaver-

art-youBir and in thcyt'isely i

( 'lap i<"^ anotli r. This is id t( 1

the fni't tha: growth takes pi r-

rap' V tli idor snrfai-f *it

\. 'r!!i> eauseS t' -nl

(MU- V e w 'hI : 1 in. dvc t;

of ti- - -ni. lii'l .(- the ica 'S "'-

- .
-1-

come i^ier, urov.'h tawes plai 's

rapi ily ui the tii per surt'aet

causes t '•ui lo irve it war

later dcjwnward m> that ley oceiijn
, . . . rpi • 1 I'm. 174. Viiuiii; siintlovMT

a (IroopUiu: ]K)sition. lias can he ,,iant tumo.i toward n^i.t

T , i 1 1
• 1 from uiiulow.

demonstrated hv coverniu )r several

days a beai nlant, or by * \^ i^ an oxalis plant for a

day, so th;i t -will be entirely ni the dark.

To illnsti.ite it here a sunflower plant grown in a pot

was used, the plant being lour or live weeks <jld. It

m
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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.

Fio. 175. Sunflower with young head turned

toward morning sun.
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Turning of the sunflower plant toward the sun. During

the period of growth of tlie sunflower plant the leaves,

as well as the grow-

ing par. 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
, . Fui. l7(' Same plant a little older when the head

rosette laCeS SC[Uarely does not tum, but the stem and leaves do.

Fl(t. 176. Same suiiHower plant i)lu>tograpli''(l

just at sundown.

i ^im^
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the w
head

estern horizon. For a week or more the sunflower

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-

m o n 1 y s u p-

posed. But I

have observed
FUi. 178. The young heatl loliovis the , ,

nun even though the leaves .ire yOUUg UeaUS
•'"'"""y- four to five^^

inches in diameter follow the sun all day.
,,.„; ,'J^,„,,^^„„.

The trrowiny; end of the stem will aho Hower; at left wuh
^

, ^ light from alxjve, at

follow the sun, even if all the leaves and right turiie<i toward

window.

the voung flow.n- head are cut away.

Experiments with sunflowers and other seedlings.

The seedlings of many plants are so sensitive to the
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influence of light that they quickly turn if i)lHced near

a \vind(nv where there is a one-sided

^~, ,,, illumination. The pot

^|k;
I

[^
Jjl^

of seedlin^is .shown in~
'

Y']

Fig. 180 was jjlaced near

a window. In an hour

they had turned so that

the cotyledons faced the

light coming in from the

window. Even when

tUi. 180. SuaUower
seedlings lighted

from above.

Klii. IHJ. .Siime seeii-

liiigs by ;i window.

the cotyledons are cut off, the

stems will turn toward the light,

as shown in Fig. 182. Any of

the seedlings wuicli we have

studied, or others, will turn to

one side where there is a one-

sided illumination, hut some will

turn more quickly than others.

The influences which light has

on the position of leaves, on tlu^

growth of the stem, and on the

symmetrical or one-sided growth

of the branches i>i a tree, can 1)C3

seen and observed in any place

Fl<!. 182. Tlie Reedliiies turn,

even tlioiif;)! tlie I'otyleilonst

are eut away, and stem is

cut in two.

HI

Wi
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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.

Tliis 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

Fio. 183. Cfilar of Lebanon, strong light only

from one side of tree (Syria).
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" mosaic." Then on the edge of the forest or grove you

can study many examples of the effect of liglit 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

Kli;. l!*l. Spray <>t leavt-s of strii"'cl maple, slio\viii« ililliiiiit

Iciigtlis of leafstalks.

presence of light? What econcmiy is tlicre in tlic

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 })ranches on the side away from

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

clusters on branches why are some of tlu leafstalks

nmch lonfrer than others (see Fig. 184)?

I'



-. - 'I w .mmf^'''-'^%:^:Mf*.^

CHAPTER XXI

BEHAVIOR OF CLIMBING PLANTS

Different ways of getting up to the light. Plants

have different ways of getting into a position where

Fii!. IS.". Cdiliii;; sti-m of iiiorning-nlory.

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

100
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above their smjiller neighbors. Some other plants

which have comparatively weak stems have found

means of gettinj^ u}) where there is light. Such plants

cVimh. Their stems cannot hold the plants upright.

They climb on other plants, or on rocks, y>

fences, houses, etc.

Climbing by coiled

stemp. 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

{celasfnis), and the

nightshade are

examples. While

these plants are

growing, watch tlu; 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 tlie plant in the Held, 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 vou look at intervals through

Coillii;; Htnii of iloddcr,

l:^'
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tho (lay, yon will see that the stem swings slowly

around in circles.

Tlie ni,«:htshade 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 ty tendrils. The pea vine,

the star cucumlier, and some other plants

cUmb by tendrils. The

scjua^'., pumpkin, cucum-

])ers, and melons also have

tendrils, l>ut 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

tli(;m. Their tendrils are long and slen-

der. Before thev have caught hold of fio iss. coiimg ten-

"
,

dril of bryony.

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

Fi 187. Stfiiiiif

(loiMtT with
suckers fntt-riiiK

till' stt'Mi of its

victim.

ii4
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eprl of the tendril now coils round i le. 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. C(jnsult 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.

il

Flo. ISO. Tendril of star cucumber grasping

edijf of Ifiif of iii)2htsliuile.
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H
i

The Japanese ivv, or Boston ivy, as it is sometimes

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

the walls of bouses. Where thi; ends of

the tendrils strike against the hard wall

of the house, they flatten out into little

disks, which cling very firndy and hoM up

the large and heavy vines.

/y The (;lematis, or virgin's bower, climbs

// in a peculiar way.

Fi.;. 190. T.^mirii The petiolc, or midrib
of .lapanese ivy. „

, i-i
of the leaf, acts like a

tendril and cr)ils round an object

for support.

Root climbers. Poison ivy is a

plant whicii some persons should

avoid Others can handle it with-

out be^ t)mii!g poisoneti. One form

of the plant grows in the shape of

a • ine diich cUmbs 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

wliic'h cover the side toward the

tree, and which take hold in crev-

ices in the bark and hold the vine up

Fl(i. r.ll. \ in*- of niiiptlnp.ns

(Aim-rican creoiitT) claiii-

iHTiiig ovtT A lieitd trea

trunk.

There is a

'fV
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shrubby f)rni of poison ivy which does not climb. One
sh(jnl(l 1 ,iii-n to know the phmt by the h'aves. See

Fig. 84.

The climbing poison ivy sometimes forms ;i very

hirge vine, vvliich 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 clindu'r.

Some plants climb by leaning on others for support.

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

selves alone, they tall against other plants and grow-

over and between their branches. Such plants are

sometimes called .sryrt//tWe/-.s, because they scrandde over

others.



CHAi'TEH XXII

THE BEHAVIOR OF FLOWERS

TUK BUTTERCUP FLOWKR

Buttercups. Before we read stories on the behavior

of tiowers we must know the parts of the flciwer. 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 ayh i^etxilsy

as perhaps all of you know. There

are usually five of these petals. All

together they are called the corolla.

The sepals. When you have re-

"t:^:::, "irtl;;:: "^oved the petals you win see, just

petals next, then stu-
\^^\Qyf wlicrc thcv '.verc scatcd, a crown

mens ami pi Bt us in •^

c'^n'^r- of small scale-like bodies. Each one

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

and together they are called the ccdyji.

The stamens and pistils. If you look now at the

remaining parts of the flower, you will see that there

156

Hiiiii
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are two kiiiJs. Next to tlio [x'tals nw. a ;j:<>(Mlly nuin-

l)er of small stalked bodies c.illt'd sfttnutis. It" the little

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

'''ick one open with a pin. The cases crack open of

til inselves, and a yt How dust-iike powder conies out.

This in polh-n, each tiny dust-like particle being ii jja/hn

(J ram. The cases on the ends of the stalks are j/n/li

n

ernes. Kight in the center of the flower are a number

of stouter bodies which have tapering points. These

ar»^ called jri.^fi/s.

What the parts of the flower do. If you hx)k at the

young flower bud, you will see that tlie parts are all

wrapped up snugly and covered over by the sepals.

Th' work of the sepals here is to protect the other

parts of the flower while they are young. The petals

are briglit (olored, large, and showy. They are the

parts of ihe 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

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.

Fni. l:>.!. Sf.-.l, or

akene, of buttor-

Clip.
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Where the sseed 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 Howers of

different ayres. You should het>:in with the vounj'er

ones and read up through the older ones. You will

read that the se})als fall away ; the i)etals wither and

fall ; the stamens wither, ])ut the pistils grow larger.

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

The story of just how the seed is fornu^d is a hard one

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

understand if I shoidd 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. t\w, seed coidd not be formed.

liEHAVlOK OK THE PuMrivIN FlOWEU

The petals. If you cannot find a jmmpkin flower,

certainly vou can see a siiuash flower in .some gar-

den. The story (^f tlie sqrasli fh)wer is very nmcli

lik(! that of the pum])kin flower. I do not need to

tell you that the flower is very different from tliat of

the buttercup. You can see that. \Vhere are the

petals? I believe you cai. read in the flower that

the large, yellow, showy, urn-shaped part just inside the

calyx is the corolla. How many points are there on

J !
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the rim of the 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 cKrolla you see five green

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

What does each one of these })arts represent ? V

The stamens and pistils.

til pistil tliivnT.

bottom of

the Ihnver for the stamens.

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

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

These columns in some of the flowers ari' different from

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

outside? No I Those with tht; three blunt projection.-:

on tht! end of the column lia\e a round enlargement on

the flower stalk. In the other flcnvers there is no

enlargement on the flower stalk, and the column of

these bears pollen grains. So the.se columns must be

,,-» '-

ii!
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Fiii. 195. StaiiHii

tlower 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 pistils.

The point on the pistil 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

\ i4 d its labor. If you
*. A:n Li I can get a pumpkin

in the autumn, cut

cue in two, cross-

wise. Vou ,>^t!e what

a gn-at number of

seed- there are. Can

you tell how many

parts arc joined in

this compound pi.stil

wliioii linally makes

tlie j)unij)k'.ii ?

F'Ki. 1!»6. .i.iriicii-

tl.>W>T llollt I'Ut

ii tt .'ly. ^llon-ill){

t ."S>iher lu <-!.-

ter.

Fl(i. i;)7. IMstil lliiw.r with

front cut away.
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The Sunfloweu

The flower head. Wc have already scx-'u Ikjw the

sunflower plant behaves toward liglit. We are now

interested in observing the behavior oi \\\v flowers.

You should learn, tirst of all, that the large, shiAv\- blof*-

Kni. \W. Sini;inh vine \iitli tlowiTs :iiiil ynunt; stiuiieti.

soni is not a siuuli' flower. It is made p of a irn'at

many flowers. It is a "bead" of flowers. Tben^ are

two kinds of llow*'rs in a head. 1 am sure voii can tell

tbe two kir.iis ajiart. The most showy ones are on the

edge or nsaruiu of tlie head. They stand ont like

ravs of the siin ; so we call them /'/// fhnnrs. The
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most prominent piirt is like a strap. Tlie other flc .vers

are more nvnnerons. They are shaped somewhat like a

tube, and have been called tubular fawers. Because

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

tliey are also called ilisk ffrtirrrs. Each one of the little

ray and disk flowers

is called a Jinret.

The behavior of the

florets in flowering.

If you will read from

several sunflower

heads, or read from

oae day by day, you

will learn an interest-

ing story. You can

cut otf a head and

put the stem in a

vessel (jf water in the

room where you ( au see it from day to day. It will

behave very well for several days. You d(^ not need

to pick the flowers tt) pieces. Just '(jok now and then

at the disk florets.

First, in those next the ray flowers, the ])ollcu is

})usheil out froui the j>()llt'n cases ami lift'-'d above the

corolla tube, so that the pidleii grains can be >cattered.

It is the growing pistil in each floret whirji pushes the

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

FHi. Uf.i. SdiiH'Avi-r liijiil.
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nearer the center the same thing happens ; and so (jn

toward the center of the disk, each day the iiug 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 np so the pollen

cannot touch the stigma on the inner surface. Later

Flii. 'Ml. Heads ol fuller's ti'iLscl in diUVn iit .rt.iKts ut UnworiiiH.

the parts curve outward. When tlie head has [tartly

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

the rays, with the pistils projecting above the corolla

tube. Next ther*^ is a broad ring of disk flowers wilii

the pollen ))rojecting above the corolla tube, and in the

center of the head are disk flowers not yet opened.

If you observe tlie flowers in tlie garden you will .^^ee

that bees and othei- insects are crawlinir <>vpr tbem.
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The bees drag the pollen from the open florets where

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

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

•cet toitsown. This

is a good thing for

the plant, for it

makes the new life

Klii. -Ml. A tiroui' c'l jiirKs.

in tlie seed more vigorous. This tak-

itiLT '"f tlic |)ullou from one flower to

another is cross jHiUi/intioii. If you

study tlie hcliavior of flowers in lliis

respect. \ou will (ind ibat insects visit

a 'Teat man\ dilTerent kinds and cross ii'. -"- •i:"!^.., i,is

~
•

|. nil. It.

])oUin;ite them.

If \dii find a dai.-y. udlden-nxl. aster, or hlaek-eyed

Susan. n'a<l it to see how it compares with the sunflower.
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The Teasel

The behavior of the teasel in flowering. Do yoii

know the teasel? It is wortli your while to leani

where it grows, that you may see its

I'll.. -TO. .I;i<-k out of

his pulpit : till' l«'i

upptT oms » ith .lis-

tll tlo«<rs. till' t«'>

lllWlT (ilirs Willi sta-

iiiiii llcpvvcrs.

})laiit uniws in waste

places, along road-

sides, and in some

places is cultivated as
F;<;. -•(«. Fli'Wii- ..1 .<kuiik oiilibiijie with

trout out u»!iy.

' 1]
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F...-.1.V An.„l...r.l,.«..r,., sKunk .U.l.a,...
wl.ile OtlUT jucks

are covered bitlovv with pistil flowers. How doe^ the

jjollen get from one jaclv to the other (Figs. 2U1-203)?
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The skunk cabbage. In this plant tlic stamens and

pistils are IxjtU in the same llowcr. Can voii read their

story (Figs. 204, 205) ?

The wind helps to cross pollinate many flowers. In

many plants no i)rovision 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-pollinated flowers.

'SI

I
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CHAPTER XXIII

HOW FRUITS ARE FORMED

The fruit contrasted with the seed. The fruit comes

after the flower. As ihe fruit ri|)eus, the .seed matures.

Is the fruit th(^ same as tlie seed? lu Fig. 20 is sliown

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

is formed fmni a siui^K^ flower in the head. Since there

arc; 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 Ls so lirndy joined t') the wall of the jjistil that it

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

i.s in.side. So we cannot say with aecurac\ ihat the

fruit and seed are tin; same.'

X(,'T — Tlu' niJittfT nf this oiiaptcr is not partinilarly coiu-tTiit'il

with i]<'- hi'havior of plants. Hut thf Vriiit is lic^t sltnlied al'tfi- the

flosvo,. il Wf wisli tu j;et any iilca of tin- parts enti-riii^ iiiio tiie fvuii.

Its stiidv is also closely coniifL-ted witli the dispersal of .seed. For this

reason tht chaj'ter on fruits is introdntfd here. If tlie teaeher ]irefi'i>.

the n.at'.er of ihe tlower. fruit, and of seed disixTsal may (jnite as well

he introduced after riiapter X. in eonneetion with a study of the plant

ind its ]iarts.

1 In tlie gingko tree, and in eycas, the fruit i.s the same as the send,

though sdineliiiies the einhi-yo is not forineij in the fvuit. The word

"fruit" has a \try indefinite si;4nifieance, as can he seen from its

108
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The a-kene'. TIk^ seed or fruit of the sunflower is

called an (i-hciir . The be<^j2;ar needles, seeds of the

<,f()lden-rod, etc., are also akemjs. In the buttercuj) it

is diflicult for us to say just what is

the fruit. Tlu! eollection of seeds in

\\w ri|K' or old flower is |»rol)ably a

fruit, sineif they are all formed from a

sin,ude flower. Each part, however,

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

ally calk'd a seed, though the wall of

the seed is united with the wall of the

pistil. .\n akene, tlum, is n

dry uiiopening fruit, with

;i single seed the Avail of

wliicli is joined with the

wall of the pistil.

The pod. TIk' pi-a jxxl is

a good (3Xani[)le of one kind

of fruit. It is a capsule fruit which has only

one (*haml)('r. or /or-iili . It opens into halves

hy splitting along the two t-dges. You can

SCI' the sei'ds inside, and that they are at-

tached at one point to the wall of the pod. fki. jot ah

The silkweed or milkweed has a fruit which of K^g.VxT

<;<Mi(>r;il ajipliiMtioii lowiilclv (lilVi-rciit stnietiires or coiiihiii'itioiis. Wf
even .s]>fak of till' I'ruit of ti-rns, iiicaiiiiig tlio si>orc cases aiul si>ores,

wlit're no set'tls at all aro fonnt'd.

riii. JH!. An iikiiii' I'T

fruit iif suiilliiw.i- n iih

four iinliryiis in (Hk-

geeil <>i>;it, p'nuiiiatiiit;.
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is an example of another kind of pod, wliicli opens only

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

sule fruit, with three ehamhers or locules,

each one representing a part of the pistil.

Can you name and desiribe

other pods ? How should you

describe a pod or

cai)sule fruit ?

Drupes or stone

fruits. T li e

cherry, pea(f1i,

• n.arig..i<i,
p],,,!!, and otlicr

iU'shy fruits of

i called drupes or stone

)utcr part of the wall of

comes fleshy,

part hard and

tains the meat

The strawberry. When

you next have some berries you will iind it

interesting to learn what parts of the flower

make the edible i)ortion of tlie fruit. In the

*-s^S=^ strawberry you can see tlu^ tinv

\^*^/ seeds, each restinii; in a tiny de-

pression, as if they were stuck all over

ofb'utt.roup" the outer part of the pulp or soft part of

I'll;. -IW.

All iikciif (if bur

iiiarijiolil, tlie

•• liootjaok."
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the stra'svlxjrry, Tlioy are not covered with any soft

siibsta ice. Eacli seed is a ripened pistil. Tliere were

many pistils in the strawberry tlower. If

you go into a strawberry patch when the

berries are

ripening,

voii can see

h o w t h e
''^ ^ lleshy i)art

|i.-:»: a pod split (j f t ll C
open.

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 tlower to which the

pistils are joined grows

larger and thicker, and

finally forms the lleshy

part of the strawberry,

raising the see(ls up as

it <2:rows bi!i:y;er. This

part of a flower , to

wbich the pistils and usually the other parts are joined,

is called the re-cejj'ta-cle or to'ras. llie JJcaht/ i^art of

Fid. '.'r.'. I'ods of niilk\voe<l.

-'j.^^mi
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Fk;. 213.

Fruit rlustiT of

luDriiiiig-glory.

the strawhemj, then, is the receptacle. The strawberry

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

fruit with several seeds inside, as

"^^^^ the snow berry, gooseberry, grape,

Mr^t^<u tomato, etc.

The blackberry. How is it with

the bhick)>erry fruit? You can

read the story in the same way as

you did in the strawljerry, when

you have a chance. The receptacle

',)ecomes larger and longer, and

forms the inside of the blackl^erry

which we eat, though it is not a

very juicy part. Where are the seeds? They f.re

enclosed in a fleshy substance. This fleshy substance

around eacl seed is the outside of the })istil. How

different it is from the strawberry!

The raspberry. Compare the ras])-

berry fruit with that of tlu' 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 ras])])erry patch, or have some stems with ripe

raspberries and, if possible, flowers on them.

TJie rasphernj and hlwkhernj are not, sfrirfji/ speakin(j,

berries. Theij are collections of tiny stone fruits. In

the flov/ers the pistils are separate, but as the fruit

F|... -'11. s;ii^'lc |.<m1

with time ifioiik'8

i)f iMoriiing-jilKry.
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Fid. 'Jl'). l)rni>(' or stniic fruit

of [nacli.

forms, the outer fleshy parts unite to form u collection

of little drupes.

The apple is an interesting fruit. It would he difficult

for you to read the entire story, herause (jlder students

are not sure that they know

just what parts are united in

the apple fruit. Cut an apple

crosswise. Yon see the seeds

inside. How many chamhers,

or locules, are there for seeds ?

What does each one of tliese

locules represent? I shall not

ask you what the fleshy part

of the appU^ represents, for we

are not sure that we know. It was ouQo. thought to he

the calvx u:rown very thick and flesh v. Y(»u see at the

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

But perhaps these sej)als

only rested on the edge of

the rece])tacl^ which is

joined to the outer part of

the comp()U)ul pistil. If this

is so, then the receptacle

grows very large and fleshy

and forms (he fleshy part nf

the apple. This is most likely. Compare the receptacle

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

;\

Fiii. '.'ir). rniit of jitriiwliriry luid

I'Mspbcrry.
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of the apple flower, and W(> sliould expect the flowers

to be somewhat '.like, though not entirely so. An apple

frnit 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 /xjio. The outer part

is supposed to be formed from tiu" receptacle of the

flower which here is united witli tlie three parts of

the compound pistil. You will remendjer that in the

flower (Fig. 1U4) t lie calyx and corolla were seated on

the end of ihe young pumpkin, wliich suggests that

the receptacle here encloses and is joined to the

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

the pmn])kin ?

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 fi-iiit. It perhaps represents a crown of tiny

leaves around the base of the young flower. As the

acorn was form; ig. these tiny leaves grjw 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 (in-ro-hi'cre) around the base of the

flower forms the husk or bu.- in which the nuts are

enclosed, and from which they are shelled when ripe.
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There are many other fruits wliich will he interesting

to study. Soni'j! of these are treated of in the follov/ing

chapter, since in many cases it is dithcult to distinguish

hetween a fiuit and a seed. In the study of fruits you

she '^ see if yu can tell of what use they are to

the j,..vnt, and how these fruits may be the means of

helping the plants to scatter their seeds.

XoTK. — III the walnut, buttcriiiit, ami hickory nut tlic fruit is

different from that of tlio hazelnuts, oaks, etc. Tlie •hull" or

"shuck" prohahly consists partly of cal x and partly of involucral

bracts consolidated, hut very likely there is more of calyx than of

involucre. The walnut and butternut are niore i.iwn calleil dri'pes or

stone fruits, but the fleshy ji.irt of the fruii, is evidently not of the

same ori,<,'.u as in the case of the true drupes, like tin chi'' ry, peach,

plum, and others.

s

I



CIIAPTEU XXIV

HOW PLANTS SCATTER THEIR SEED

1:

The touch-me-not. Did yc

of a " touch-iue-not " ? Tlu

•^tv or IuukIIo a pod

soinntiiiies known

a.s 'garden balsam.

1 is well worth

while to grow it

in any flower gar-

den. The flowers

are pretty, bnt the

pods are still more

interesting. When

you touch them, or

throw them on the

floor or against

the wall, they

burst suddenly

and scatter their

seeds all around.

T] 'i wild linpn-

tlcna, or jewel

weed, has smaller pods, which burst in the same way.

Find some of the plants in a garden during the autumn

170

I'-Ri. 'JIT. Spnty of U-avcs iiii.l llow.rs iin.l fruit «{

j.wul Wfi-U, or w'M Imjiiititiis.
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and try the pods, or look for tlie wild Jmjmtiens, or

jewel weed, along streams and in damp, shady phices.

The witch hazel. The witch hazel is known by its

beautiful yellow tlowers with slender curled petals,

which come out late in autumn, after the leaves have

fallen. At the same time the fruit pods are matured

from flowers of

the previous year.

On dry day s,

when the fruit is

ripe, one can hear

the snapping of

the pods as they

burst, and the

seeds are thrown

with force several

feet away.

Pods which
burst and scatter their seeds are called explosive fruits.

Other examples are to be found in the vetch, locust,

violet, oxalis, etc.

The milkweed or silkweed. The milkweed is known

by its })eculiar flowers and the abundance of white milky

substance which flows from wounds in the i)lant, and

gives a disagreea])le sticky feeling to the hands when

it comes in contact with them. When the flowers go,

a few little boat-shaped pods are seen on the flower

Fio. 218. Seeds of milkweed ready ti> scatter

from tlie ihhIs.
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Stalk, rheso grow larger an<l larger. When they are

ripe the pods split open. A great mass «,f Hat .seeds is

crowded out by tlu; pushing of great tufts of white

silky threads atta<-hed to one end of each i^iied. They

are so light and feathery that the ^^ind lifts them

easily and sometime bears them miles away.

Did youevtT see tnese pods bursti'.g and emptying

out the great white feathery eloud? Take a pod

before it has opene.l. Split it open and see how

beautifidly the seeds are packed away in it. Separate

some of the seeds to see the soft, silky tuft of hairs

on the end. Blow the seeds uito the air to see how

easily tiiey float away on the "wings of the wind."

The dandelion. The dandelion is so conir )n that

few persons admire the really beautiful flower. Th-y

would rather get rid of it. If the dan.lelion would

only grow in outn^f-the-way places, it would not be so

unwelcome. But it is an intruder. You dig the

plants, root and branch, out of your yard, and in a

few years they are there again, or new ones, rather.

It makes a great many seeds. But how beautifully

they sail through tiie air like thiy balloons!

Did you ever try to blow all the seeds off the head

with one long a> uni ? There is a mark left where each

one stood. How they go sailing away ! Watch them !

Some are coming down to the ground like a. man

clinging to a parachute. The seed is the heaviest part
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and is Ih'Iow. Oh tlie en»l of tlio lonj^ stalk above is

the crown of soft white iiairs whieh forms tiie float.

Down, down, the seed slowly eonies and soon is ready

Fl<i, 219. Dauileliou sooils.

to Avriggle its way into the ground. Here it

nates and makes a new dandelion in the law

The leaves form a deep-green rosette restii., on the

grass. The flower stem comes up, and the flower head



Fu;. tiO. I>aii<lelion fruit in 8ha.1e .aft.r Maciuillan).
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opens, showin*^ ;i iH-autiliil duster of yellow tlowt'is.

This liciid closes at niglit and opens in the day, closes

again at night and opens

with the da\ , and so on,

ludess the day is a dark

one, when all the dande-

lions mav remain closed.

r>y and hy the head

stops opening. We can

see the tips of the flowers.

Thoy wither and die. A
white cottony mass be-

gins to appear. Its silky

hairs spread apart, the

head opens again, and

the crown of narrow

leaves (the ini'ulucre) re-

cnrves and gives room

for the spreading crown

on the tips of all the

seeds. This forms a

great white ball on the

end of the stem. The seeds ;ire now in a position

where the wind easily catches them.

Did you ever notice that where the lawn is mowed

many of the dandelions have such short stems that

the flower head is below the lawn mower ? Then see

'!-:

\jQ;#^^:f^^f Xi

Vni. 'J'.'!. Damli'lidii tiower .luil Ir.iit. Flower

I'pili at ri^ht, ulil tlowtTs clnsfil uinl stt'iux

eloiipitina at lift, ript' si'cil raised up liifiher

and ri'itdy U> seatter (afti i- Miyake).
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how these same short stems will grow much longer

just as the seeds aro ready to be scattered, so that they

are lifted above the grass where the wind may catch

hold of them easily. Put a stake by some flowers and

measure the stems. Then measure them every day

while the seeds are ripening. Along the roadsides or

in undisturbed places the flower stems are often longer

than those on the lawn. Do these long stems lengthen

as the seeds ripen?

The wild lettuce and prickly lettuce, so common m

old fields and along tlu; road^des. have seeds very

nuich like those of the dandelion.

The virgin's bower, or clematis. The clematis, or

virgin's bower, is quite as attractive hi appearance

in the autumn as in the summer when it is in flower.

The great masses of foliage and vines clambering over

fences and shrubs, and often hiding them entirely,

show numerous white pulTs of feathery seeds where

the flower once was. Each of the seeds is like an

arrow-headed plume. Blow or scatter

some of them to the wind and see them

scudding off to the ground in curious

s])iral courses.

Winged seeds. Some seeds have wing-

like expansions on the side and are called

whujed seeds. They, too, are carried by the wind, but

they are not ({uite so buoyant as the seeds of the

Flii. J'-J. Fruit

^Beeil) iiffliii.il

samara.
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Fio. 223.

WingtMi fruit of iiKiple

two seeds.

milkweed and dandelion. The elm seed has two wings.

It is sometimes called a s(()nar((, which means " seed of

the elm." The maples and pines also have winged

seeds. Do }ou know any other plants

which have winged seeds V

The bur marigold. The bnr marigold,

soniethnes called " beggar needles " or

'• devil's bootjack," is a very common

weed with yellow flower heads. The

seeds are also hi a head, and the cluster

bristles all over with the barbed awns.

" Bootjack "
is not a bad name for the seed, so far as

the shape is concerned. At least a boy brought up in

the country, who used to pull ott" his boots at night

with the old wooden bootjack, thinks so.

When tramping through the fields, or

sometimes in the garden, if you Ijrush

against one of these plants, the awns will

pierce your clothing innnediately. The

barbs hold on tight, and soon there may

be hundreds of these seeds clinging to you.

The cocklebur, burdock, stick-tights, etc.

The bur marigtjld is not the only seed or

fruit nady to " catch on" for a "free ride." There

are also cocklebur, )>urdock. stick-tight, and " what-

not." ;ind it does not help matters to " crack behind,"

either. They hold on until they are pulled otf, and

Fl<i.'2'.;4. Seed of

Imr marigold,
'• iMiotjflck."

I
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then they leave in the cloth countless tiny hooks, which

are even harder to remove.

If vou wish to know more about these " dead-beats

who nJe all over the country and never pay a cent o

fare, go out for a tramp in the autumn in old neglected

fields or in low waste ground. You can

carry some home for study. Examine

them to see the different kinds of seeds,

and how the barbs, hooks, and other hold-

fasts are formed. What animals do you

think would be of service to the plant m

dispersing such seeds ? You may wish,

also, to visit the same places in summer

to see the plants in flower.

Have you seen any other seeds than these described

here which have means for dispersal? Do seeds ever

float on the water and become scattered m this way

How is it with the cocoanut palm? Do seeds ot

grasses or weeds float in the water of lakes, ponds,

rivers, and small streams?

no. 225. Fruit

of cockle^iir

with ho il

appendai; -•
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Part IV

LIFE STORIES OF PLANTS

CILVPTEK XXV

LIFE STORY OF THE SWEET PEA

The life story of the sweet pea can be easily read

from the plant by any one who wishes to grow it, and

observe it. The storv of the garden pea is snnilar,

and some of you may wish to read it. But the sweet

pea has prettier flowers. It can be grown m the

garden, or in the plant house, or in the window garden

where you can see it every day.

The seedling stage. The seeds of the sweet pea are

round, hard, dark grayish brown objects (see Fig. 211).

We plant them in the moist soil. They take water

from the soil, swell up, and bee.,uie soft. This moisture

and the warmth in the soil start tlie dormant life m

the seed into action. It - awakens," as we say, from

its long sleep. In a few days, or a week or so, the

youncT plant rises through the soil. The leaves are

now tiny, but as the s m grows and the light has full

185
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play on the .small leaves tliey stretch out so that a

greater surface may receive light, for light is good for

the leaf and plant. As the stem gets longer, the leaves

higher up are better formed and more fully developed.

The growth and work period. If there are no sticks

or objects for the pea

vine to take hold of, it

will show you that it

needs some means of

support. It will soon

lie prostrate. But if

you put an upright

stick within its reach,

or train some cord or

string near b}'^, the

tendrils on the leaf will

stretch out and coil

round it. In this way

^ne vine can climb up

where there is more

light and air. The

stem branches, and at length a tall and bushy plant is

formed. There is a much greater leaf surface.

While the plant has been growing, and lifting up

water and food from the soil by the com'^ned work of

the roots and leaves and stem, the green leaves have

been doing another kind of work, for which we kno'A

Fi<i. 220. Sweet pea ooining up.
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they need the help of sunl?-ht. They have been making

starch. At night the starch is digested and changes to

sugar. It liows to all parts of the plant where growth

is "taking place and i nv plant substance is wanted.

We know that if the pea vine were grown in the dark,

all the plant sub-

1 /I

stance it wouic

have to use in

growth would be

that which was al-

ready in the seed.

The stem would be

for a time long

and splndli the

leaves wouid be

small and yellow-

ish, and the frame-

work of the plant

woidd be soft. It

would soon die. But in the light the leaves are green.

We know that the carbon dioxid of the air gets mto

the green leaf. The light then helps the leaf to make

the starch from which most of the new plant substance

comes.

Flowering time. The plant has now formed a strong

working system, and its numerous branches bear many

working leaves. It is pr3pare.l to flower. Shice the

t ic. 'i-->7. ><\veet-l)e.«i vines uoi'iliun supi" irt
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lowers do anotlier sort of work than make food, there

must he a go'A force of working leaves to supply the

I'll '-"-.S. Swot't-pt'.'i viiu> tr;iiin-il ti> is\i|i|ii)rt.

looil and energy needed i]i licjwering. These api)ear

first, next come tlie flower heads, and later the clusters

of flowers, the older ones opening out first.
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Thk Flowku

The petals, 'lli^' llowtT of the swwt pc;i is l)uautifiil

in color and lorm. /^X

Its form is pecul-

iar; that is, it is

not so regular in

shape as the ll<j\vev

of the lily Some

one has thought

the shape of the

flower '. f the pea.

and of its cousins

or relations, to l-(^

like that o." a but-

terfly. The r.iost

attractive i)arts of

the flower of tlu

pea are the prtals.

already know ^v^:lt petals an

If you do not, just look at the

pea flower, select tin' bright-

colored parts which ;nv thin and

broad. These are the petals.

You see they are of different

shapes, instead of having the

same shape as in the hly or

1 think vou ^

,
2'2:1. Swtet-pua flivvers

and youu^ jii-iJ?.
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buttercup. This is what gives tlie peculiar form to

the pea Uower.

Now all these i)arts, or the different kinds of petals

of the pea flov.er, have received names. I should not

he surprised if, after studying their shapes carefully

and their position in the tlower, you could name them

yourself, especially if

you tried to think of

things with which

you are familiar and

which these petals

resemble.

Now, first, the

large one, held up

above, is the hanncr.

The two reaching

out on the sides are

iriiKjs. Now think

hard for the two below, folded uj) together. Did you

ever make •-'• sail a l)oat ? AVliat does the boat have on

the undersidi that cuts through the water? The keel.

BinoHi'. iriiujs, l-ctl.— these are the petals of the pea

llowiT and all together we call them the corolla.

Now remove the petals from the flower. Place them

out in position and draw the form. The two parts

which form the keel are joined in the middle. Is that

the case with the keel in the garden pea?
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The calyx. The petals arc removed from the flower
;

what remains? Just below wher. they were joined

there is a little crown of five i-infMl green leaf-like

bodies. They are very different in f.M-m from the real

pea leaves, but like them are green. These are s,pals.

Together they make the rali/x. In the hud they

covered and protected the other parts of the flower.

There are five sepals, the same number as tlu; petals,

yet they are very ditt'erent in form and color.

The stamens and pistil. There are now remaining the

parts of the flower around

which the keel was folded.

Count them. There are

ten thread-like bodies,

surroimding a thiy boat-

shaped body. The thread-

like bodi«\s are the stamens.

Each oiic has an enlargement at the curved end. It

is a little case containing tlu; powder-like substance,

called pollen. It is a pollen m.se. See if all the

stamens are separate dowu io the calyx. One is.

The nine others are joine.l toward the bast;. These

phie form one hrotherhood. The other one is a brother-

hood all l)y itself. The pistil is flat, like a thin boat,

and it is hairy. It is almost too tiny in the fresh

flower for us to study. We will take one in an older

flower.

witli |iit:ils riiiiovfd.
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The old flower. As the flower gets old i]w petals and

stamens wither and die. They either fall away or

collapse around the pistil. If the flower has done tlie

work for which it was intended, the jiistil does not die.

It 'TOWS hni^er and hroader and tiiicker. until we see

that it is becoming a jK'a pod. When it has grown a

little, split the young jH)d oimii into

halves, the same way tiiat yt)U have

seen peas or beans shelled. Attached

to one t'dgc of the insich' of the little

]Hn\ y(ju \. ill see tmy roundish bodies,

ill the position in which you find the

peas or seeds in the older pods. The

pod is a sort of box which contains

the seeds. The tiny bodies are cases

in whicii the embry(w are formed.

They may be called cmhrijo cases

then. The case and embryo together

make the seed. The pistil, or seed

box, contains embryo cases in -which seeds are formed.

How the seed is formed. You cannot see how the

seed is formed. This ])art of the story has b(ieu found

out bv those who are accustomed to use a powerfid

microscope. They cut up the growing embryo case

(ovule) into very thin layers and search hi these with a

micro.»;co])e to see the work that is done here. Thus

we read the storv of how the seed is formed.

Fin.2.fl. Fruit <'f

SWl't't pill.
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In the first place there is a royal bit of life substai

in the very young embryo case, known as the (jtnn

€(/(/. When ''.e pollen is scattered from th'i pollen c; >

soi'ie of it fails on the end of the pistil. The j)()llen g i.i

then starts to grow. It forms a slender tube as iir: .'is

a spider's silk. This ])ollen tube grows down thr* ^

the pistil, and one enters each embryo case. In \icL

]K)llen tube there are two bits of royal lift; sui ince

called sjjerrns.

One sj)erm escapes from the pollen tube when it lia>

entered the young embryo case and imites witli tin'

germ. The union of these two hits of royal life sub-

stance, the sperm and germ, (jwes a new life to (he fjcnn

and a new impetus for yn/wth to the embryo ease. The

new germ grows to form the embryo plant in the seed,

while the new growth of the embryo case around it

makes the seed coat. The pea seed is then formed.

This completes the life story of the pea.
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LIFE STORY OF THE OAK

The white oak. In the autuimi, when the leaves

besriu t., fall, the acerus fall, too, from the oaks. They

nestle in the grass or roll down into the furrow or

ditch, or strike o-- the leaf tloor of the fore.t, according

to where the tree happens to be. The rains beat on

the soil, and some (^t the

acorns become partly Imried

in the ground. Some are

eaten by insects, others are

carried away by squirrels

'^^^'^SJ^^'
i''^ - ^^^ "'^^^^ animals. Some

«^ are left to grow.

As we have seen in our

study of the germination of

the acorn, the root and stem

parts of the embryo back out of the shell at the pointed

end The great ileshv cotyledons remain inside. The

root pushes its way further down into the ground.

The young stem grows out from between the cotyledon

stalks This often begins in the autumn. It contimies

in the spring among those . idlings which survive the

Yui. '.ias. Whit.- "!ik ill autumn.
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cold of the winter. Or, ii !ie aconi did not Korminjite

in the iiutunin, it may in the spring. During the tir.st

few year.s the tiny ^ ,

oak niaiie.s little ^\ .—
.

_v |C

growth. A few '- '-
•
--^^^'tl

leaves on a slender

stem appear. It is

not high enough to

be seen above the grass. Of the many whieii

start, but few ri.ne up to siii)lings. Many, many years

tlic oak grows. It gets a foot or so higher each year.

It is making rtmt, trunk, branches, and each year a

Fki. 2W. ll'TiiiiimtiiiK iicorii i>t

.tliiti' <><ik.

Fia. 235. Oak trees getting' a start. (l'liolo-iai)Uea .u winter.)
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areater number oi leaves. The leaves make the

^
plant substance ft)r tlie new and con-

tinued growth.

The bark on the trunk is smooth at

first. As the sapUng gets older the

bark begins to crack open in long and

irregular fissures, making the gray bark

more promi-

nent, n you

should start

when you are

very young to

read the life of

an oak tree,

from hs l)egin-

n i n g as an

acorn, I am afraid }i)U

would never be able to

read the whole story.

i By the time oak trees

^t^. are very old, they have

hved many more years

tlian we do. So how

FKi.i'iG. H<.«oi.i \v:is
^\y.y\\ ^ve read the life

tlic trw from which '

i ') IJ 1
this wooj was titk.n'.' gtorv of the oak . Kead

it in a large number of trees, from f-- -^-';^

young ones to middle-aged ones, and stamen <.,«st..r«.
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If

very old oaks. If you happen to find an oak tree which

has been cut down, you know you can tell its age within

a few years by count-

ing the annual ruigs.

During the iirst few

years of the seedling,

so little growth in

diameter took phice

each year that the

^ rings are not well

marked.

The oak flower. It

is many years before

the oak comes to

flower. N(jt until it

has become quite a

tree are the flowers

seen. They appear in
Fni. '-W. Spray of Icavrs

and flowers of r<'<l oak.

pistil flowers small

above, stamen flowers

in lonL' ehisters.

spring, before the

leaves show them.selves. Have

vou seen the long, slender, stamenflow..-

J '

- ot rtMi oak.

graceful clusters hanging on the

branches of the middle-aged or old oak in the spring,

when the limbs are yet bare? Gather some of these

and place them on paper overnight. Next morning

Fl<i. '230 Fl<:. JW.

Pistil flower of

ri'il oak.
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there will probably be piles of a fine yellowish powder.

What is this? Pollen dust, you say. Yes. Then

where does it come from ? From the pollen cases.

Then these tresses, called catkins, are flower clusters.

But there are no

pistils here. These

flowers, then, are

the stamen flowers.

Where are the pis-

til flowers ? Look

above the stamen

flowers for little

urn-shaped bodies,

one or two or three

together. They

stand upright, not

hanging down in

Fio.241. Spray of white.oak IfMV.s and fruit.
catkinS.

The fruit. After the leaves come and the pollen has

been scattered, the stamen flowers, or catkins, fall.

But if everything has gone well with the pistil flower

it begins to grow, because r . .v^ life has been put into it

by the sperm from the pollen tube joining with the

germ in the embryo case. All through the summer it

grows slowly. It does not ripen so soon as the pea

pod In the autumn there are the acorns, seated

snugly in their little cups. This is the fruit. Tiie
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i

12

acorn ripens and falls ; but the tree does not die.

Its life goes on for years, and it bears many other

crops of acorns.

We love the oak. We think of it as a strong and

sturdy tree. We like to play with the acorns and

cups, and sometimes to eat the

meat inside, especially that of

the white oak, after the acorn

has been roast-

ed in the hot

as^es of a fire.

We like to rest

under the shade

of its branches

and to clinib to

its top when

the branches

are near the

ground.

The white

oak forms its

acorns in one

seas. n. The red oak and the scarlet oak take two

seasons to form their acorns. Can you tell the red

and the scarlet oaks apart by the shape of their leaves ?

Can you tell the white oak from both the red and the

scarlet oaks by the shape of the leaves and the

Fio. 242. lA>aves and fruit of

scarlet oak.
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character of the bark ? If you were given three acorns

hi their cups, one of the red oak, one of the scarlet oak,

and one of the white oak, could you tell them apart and

then name them ? Do
•' moss-cup," or " over-

is it called by these

you know the acorn of the

cup," oak? Why
names? (See

Fig. 246.)

The winter condition

of the oak. The falling

of the leaves from trees

and shrubs on the ap-

proach of winter is a

constant habit. We are

accustomed, perhai)s, to

look upon it merely as

one of the signs of

autumn. It is always

interesting ' ttch the leaves

falling froi. le tree ai = to

observe how the n.ovement of

the air aids in freeing them

from the limb. A gust of wind knocks off troops of

them, and s(mds them scurrying over the field or rolls

them in great drifts.

Did you ever think what this shedding of the leaves

in the autumn means to the leaf and to the tree ? It is

the death of the leaf. But we know that the tree is

Flo. •243. Lo.if of red oak.



LIFP: Mv'UY OF THK O.Vlv 201

not dead for with the on-counng of n'ring new leaves

not dead,

^^^^^^^^^ ^^ ^^^^ ^^^^^^^^^^^ ^^ ^^^^ ^^^^^^^

moves the life mto greater activity

again

Fki. 244. Fru.v of scarlet i>:ik.

The leaf is only an organ of the

tree for suminor work, to make

starch food, to dispose of the great

currents of water that are taken np

by the roots, and to do other work

in the preparation of foods and in

uetting rid of waste matter. When

the leaf is cast in the

autumn, the tree is only

dropping a member for

which it has no use during

Some --^
"^'ii(

Fi(!. 24r>. Kruit of r.d oak.

the period of winter rest

one may ask why the tree does not |;^«
keep its leaves during the wmt. r

^^^^;^,,
and save the growing of new ones «^^^^^
in the spring. It ^vould be fatal ^^ff^'
to most of the broad-leaved trees ^^^f
to keen tlu'h' green leaves through -'r^ff

• + .. Wo know that the Fi.i.'J4r,. Fruitof..v..r-..ui.o,ik

the w niter. >> e kuonv i>iio.
,„.„„„^H.„v..,v.ioak.

le r-s 'rive off quantities of wr.ter

V. • +i^o Avintpr while the ground
from the tree. Dimng the ANmter, «

;. frozen or cold, the roots can take up very little

water, not nearly so much as the leaves can give off.
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Tlie tree has thus acquired a remarkably good habit in

laying aside its leaves during the winter, when they

would be of little ser-

vice, and would even

endanger its life if they

were retained.

Some trees keep their

green leaves through

the winter. The pines,

s})ruces, cedars, and

other evergreens do.

Why is it not danger-

Fui. -47. •• Nfi'illc " leavi'S and stanifii

tldV.iTS (il pitrh piiif.

ous for them to do S(j ? The

leaves of the pines, spruces,

and cedars are small and

needle-like, or awl sliaped.

with a thif'k. hard e(jvering.

so that these trees do not

lose water so rapidly as the

broad-leaved trees do. Then,

too. a eliange takes place in

the condition and work of the

leaves of such evergreens, so

that they lose less water in

the winter *lian during the

summer. Some of the broad-leaved trees and shrubs are

also evergreen and retain their leaves during the winter.

Fi(i. 248. Leaves of Amirican yew.

evt'kgrofii.
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Like the pines and spruces, they cast a crnp of leaves

a^er it has been on the tree for two or more years a

new crop being grown each year. Th. live oak. the

rhododendrons, and the mountain hiurel are examples

of broad-leaved evergreen trees and shrubs These

leaves, though they are broad, are thick and have a

hard covering, so that they do not give o so mud.

water in the winter as thinner and softer lea^ts

would.
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CHAPTER XXVII

LIFE STORY OF FERNS

The fern plant. There are no plants which mean

more to us in our home life than ferns. There are no

plants which are more generally loved. The refining

influence of their presence is constantly felt. Their

graceful forms, the beautiful shapes of their leaves, and

the restful green of their abundant foliage interest us

and satisfy us whenever we see them. If we could

only get the maidenhair to grow in our yards as

abundantly and easily as the dandelion does, how

charming it would be ! Many of us would willingly

part with so:ne of the dandelions if we could have the

maidenhair or Christmas fern in theiv place.

As we found on page G.3 (see Fig. 93), the stems of

most of our native ferns are either very short, as in

the shield fern, or they are underground stems, as in

the bracken fern or sensitive fern. In the jx)lypod,

at the north, the stem runs under the leaves or grass,

while one in the south runs on the surface of rocks.

The climbing fern is found in some parts of New York

state, but it is rare. Tree ferns with tall trunks, and

other tropical ferns wliidi grow high up on forest trees,

may be seen in some large greenhouses.

•Mi
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Fruit dots, spore cases, and spores of ferns. It y.m

take a poly,«l fem or a Christmas fern -n,e o t >

" ,hieia
••

ferns in the greenhouse w.U do) and look on

the underside of the leaves, you will perhai^s see then.

Flu. 249. Bank of f.-ri.s uift.T Macmillan).

covered with little dark brown spots, borne people

take these fo. bugs, and scrape them off the fern lea ,

for fear they will hnrt the fern! Bal you can teach

them better than that.
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Pick a l«'af which lias these on it, when the brown

dots look shiiiv. IMace it on a piece of white pajwr ni

in a few minutes or an hour yini may

a s]»rinklin^^ of tiny dust-like bodies on the

Vou can brush them ot? with your hand.

What arc they . They are what we call spores. There

is a hard !)rown wall, and in-

side a bit of living? fern sub-

a dry room.

j)crha])s see f

white ])apcr

Th out

Fl.i I'tH. Cliristiiiiis firii

sjwres come

of a great many sjxjre cases

which are packed together in

the fruit dots. So these dark

bodies on the underside of the

leaf, instead of being bugs

which are harmful to plants,

are fiiiit dots with spore cases

an(^ spores in them.

If the fern plant is making

so many of these tiny spores, each containing a little

bit of living fern substance, we wor a better not scrape

them off, for they must be for some good purpose in

the life of the fern. If you examine a bracken fern,

maidenhair fern, and some other kinds, you will find

thf t the fruit dots are of different shapes, and that some

of them are under a flap at the edge of the leaf.

Does the fern plant have flowers? The fern plant

does not have flowers as the flowermg plants do. Nor
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does the fern plant have seeds. It will he interesting

to know, then, h(jw new fern phints are formed.

How new fern plants are formed. We have ah-eady

Fiii.i'l. Littl.-s. iiwrt tirii.

learned tliat most ferns hear "fruit dots" or lines on

the underside of certain leaves. We also know that

many tiny spores are in the rounded s^x^re cases which

are packed te^gether to form the fruit dots. When



J* irifllrT^.

208 LIFE STOlllES OF PLANTS

these !=pores are ripe and have been scattered, some of

tlieni fall in damp i)lac('.s on the ground, or on a rutting

log in the woods. Here thi.s thiy bit of

living fern cubntanee begins to grow,

and the living matter inside tiie hard

brown coat jjushes its way out through

a split in the wall ; in a few weckw it

has grown into a tiny heart-shajjed bit

of plant tissue no biggie round than a

radish seed, or a small jjea, and as thin

and delicate as fine tissue pai^er. This
Fill '2.72. " Kruit"

.lots of th.M 0111111.111 little ()])ject, sliown

ni tig. 2u4,isa/em

protliallium {pro-thd'U-um). On

the underside Jire nundiers of root-

lets, like root hairs, and two kinds

of tiny p)ckets. This little pro-

thallium now gives birth to the

embryo fern plant.

How the embryo of the fern plant

starts. The germ cell is in one of

the large pockets near the deep

notch in the protliallium, and the

sperms are in the round pockets.

One of the sperms swims into

the germ pocket, unites with the germ, and Lheii the

germ grows into the embryo fern plant.

Flii. 'i').'?.
" Fruit " (lots of the

iiiaiil.nli.iir fii n.
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The fern prothallium and embryo compared to a seed.

The fern prothallium, witli tho y.ning embryo fern

attached, might be com-

pared to a seed of one of

the higher plants, where

the end)ryo is surrounded

by a food tissue known as

the endosperm, as in the

corn. i'A's eii<fo.'<pcntt is

in fact (( prothaUiuiii of

the hi<jhtr phiut. In th'-

corn seed it is shown as in
Fi<}. .M. i'rotlmllium of fern. N'driiiji tlw

i • •11

({.rm iiml b{«t"> pock.-ts. This is a vi.-w pjir. 44. SoUie Ol it IS stlll

from the undtTsldo, and shows the root- C*

lets also. left insi(U^

the embryo case. But in the pea, bean,

and acorn it is all used up as food by

the embryo and stored in the cotyledons.

The only way in which the prothallium

with the embryo of the fern differs from

the seed of the corn or bean is in the

fact tha^ the prothalliuTU is green (with

chlorop]i\ll). that it has been shed from

the spore case, and has been developed

as an independent individual. If the

fern protl allium were not green, but

were wra[>p^d oround the embryo and

still in the spjre case, it would be a seed. When the

Fi<; 1', 111 li r V o

fi-ni still attui'liiMl t.

the prMtUalliiim.

\l
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youncT embryo fern grows large enough to burst out of

the irrothallium, when the root strikes into the soil and

the cotyledon or first leaf rises upwanl as shown m
Fig. 255, it is doing jjrecisely

the same thing that a seed

does when it germinates,

strikes root, and lifts its leaves

and stem upward to the light.

The generations of the fern.

The life story of the fern

reveals to ns tit'o generations,

the protlialUum and the fern

plant. They can live inde-

pendent of each other. Each

one can take water and food

from the soil. Witli the leaf-

tn-een each one can make its

own starch foud. The pro-

thallium starts from the spore on the fern plant, and

the fern plant starts from the germ in the prothallium.

The two generations therefore alternate with each

other, as it were. In the corn, the bean, and other

plants of this kiud there seems to be only one genera-

tion. This is because one part of it, the prothallium

generation, is packed away and hidden in the embryo

case as endosperm, while the other part is hidden m

the pollen and pollen tube. Most plants, then, have

Fl'^ 2ri6. Tlif wnlking fern. takiiiK

Bti|>!* Mown a liillsid''.
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two generations in their lives. It is only in the ferns,

however, and their near relatives that the two genera-

^:^

H ;
••

« .*

^>i-.^>^-

'iu^^^

Km;. .!.->7, Tb.' braoken Km iu .•oiii|k(iiv « Uh the <.iw\\ ' oak

(after MacmiUuii>.

tions can exist independently. In the flowering plants

the prothallium generation is dependent, and hidden

away in the p^ibryo case.
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THE LIFE STORY OF THE MOSS

Mossy banks and trers. Those wh - near the

woods, or who have a chance to go to woods or

monntams in smnmer, delight in finding a carpet of

moss on the ground or on some shady bank. The

slender, short stems covered

with delicate leaves make a

velvety cushion of green. We
know that these tiny plants

love the cool shade, for, except

in the cold arctic or alpine

regions, we find them grow-

in o- freely only in or near the

woods. The tree trunks, too.

in moist, cool, shady places

are often covered . 'th moss.

There are sometimes tiny tufts

and mats on the ground in

open fields, by roadsides and streets, even in cities, and

in the cracks of old stone walls. But the mosses do

not attract us much in these places because they are so

scattered and small.

212

>|,,,^-iMiv<'rfcl iniiik.
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The pigeon-wheat moss. Who knows the pigecni-

wheat moss? Well, here is a picture of a clump of it.

In the open wood, or near the woods on damp ground,

you may see it in clumps or in large patches.

The moss is more interesting to study when it is in

fruit, because then one can read more of its life story.

Fl<i.2r>9. Cluiniiof '• pigeon-whoat '" nmss.

The moss in Fig. 259 is in fruit. There are little

stalks that rise out from the ends of the leafy stem

with a little capsule on the end of each stalk. Some-

times this capsule is covered with a large, pointed,

woolly hood, and perhaps the appearance of numbers



214 LIFE 8T0RIES OF PLANTS

of these suji-gested tiny wheat stalks and heads. Lift

V the hood off. There is the capsule with

^ 4^ a little lid on the end. You can remove

this lid with a pin. There is the mouth

of the cai)sule with a fringe of tiny

teeth that you can just see with your

sharp eyes. If you thrust the pin into

the capsule, you will bring out a dusty

powder, like pollen, or like fern spores.

These are -noss spores; the moss cap-

sule, then, is the spore case.

You should understand that the beau-

tifid red, brown, and green plants so

common along the ocean shore, and called

popularly " sea mosses," are not true mosses.

Thoy aro ahja^. The pond scams are algae

also. Then the " hanging moss," or Florida

moss, which is so common in the Southern

States, is not a true moss. It is a flowering

plant. It bears true flowers and also forms

seeds. The true mos.ses do n yl have flowers,

nor do they form true seeds. The spores

of the moss form a green thread-like growth

on the soil or rotten wood, which re-

sembles some of the "pond scums."F10.2CO. BranclK'l

I>laiit of " piRcoii-

wiieat ' m..s«,
}.',.,jiji thls thread-likc growth the leafy

on siMjre case at

loft.
moss stem arises.
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LIFE STORY OF MUSHROOMS

Mushrooms, too, have a story to tell, xiiey live out

of sight most of the time. When they show them-

selves they do so only for a short time. They seem to

come 11}) in a single night, and many of them do. But

others may be

several days in

coming up.

They keep
hidden most of

the time in the

form of cords, or

strings, until

they have spread

themselves out in

reach of a great feast of food in the ground or in

wood. Then the mushroom part can grow very fast,

and spring out from its hiding place into the light.

So if you wish to read the .story of mushrooms you

must be quick about it, for they do not stay long.

The oomnum mushroom, like many others, is shaped

like an umbrella; it has a liundle, a ring, rays on the
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Flii. 'iin. Till' comiuoii iiiiisliroom sliDWing stem,

flip, rinj;, b'ills.

m
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underside, and a cover. The handle is the stem, the

rinj; is called a ring or roII(it\ the rays are called the nills

of the mushroom, and

the cover is the caj).

The spores. Cut off

the stem of the common

mushroom, a specimen

just expanded. Lay the

cap, gills down, on white

paper for several hours

or overnight. The paper

underneath the cap be-

comes covered with a

very fine dark brown

powder. These are
I'K A spore jiriiit i)f the eoiniiion

llHlsllliiolll.

spores, not seeds,

for the Uiushroom

has no seeds. The

spores take the

place of seed.

They can start

new points of

growth for the

lIlimbrrifllTl Kl<i.-.'C3. spawn ami young button'* <>f the nuisliioom.

Spawn of mushrooms. Where the common mush-

room is growing in the ^leld, dig some up with a trowel

and search in the soil for delicate white cords. If a
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bed where mushrooms are grown is near, you will

find more of these white cords in the soil. This the

garden*; I's call

spawn . We call

it my < e I i u in

.

Gardeners take

this spawn and

sow it in new

beds. It spreads

and increases,

and makes more

mushrooms, after
l-"lii.2C4. linttons of till- <'oiiiiii(>ii tmislirdiiiii luM

coming through the so-l.
J^ ]^j^^^ feastod DU

the food in the bed. So in the field

or woods this spawn spreads through

the earth. It takes up water and

food from the soil as roots do, and

yet the spawn is not a root.

The beginning of the mushroc

If yuu can get a quantity of this

spawn of the common mushroom,

wash out the soil. Look on the cords

fur very small round bodies. You

will find some very small, perhaps

no larger than a mustard seed. Yuu

may find others as large as a marble.

These are the buttons, the beginning of the mushroom.

Fiii.':a5. A ih'adly poison-

ous ULUshroiini with ii

'•hag" over the ha'"." of

the stem. (Deadly anui-

nita.)
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I"«5. 2 y,. A to.iilsficl ^f,„„| I., ,.iit, Mith ii
•• h;i-

li:!."!'!!! till' stem I Itdval ii^iiric.i

on the

In the ones as lart.'e as marbles tlie upper end is enlarged.

This is the beginning of the cap. When it reaches this

size the mush-

room grovrs very

fast. But the

spawn may grow

several months,

or a year, feeding

on decaying plant

material in the

ground before

any mushrooms
appear.

The common
mushroom, which

grows in the fields

and is cultivated

in mushroom
houses, has pink

gills when young,

and dark brown

gills when old. It

has a white or

brownish cap. a

stem and a rint;.

Other mushrooms. There are many kinds cf mush-
rooms

; many are good to eat, and some are very

I"Hi. 207. A poisonous niuslirrx.ni, or to;tilst..ol, ^vhi(•ll<v^•l

Jouchooso to •all it, Willi no true -ba;;- on the stt-iii

only seal, s w liicli repnsent one. (Tlie fly anianita.)
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Kl(i. -(iH. Tli< ink cap.

poisonous. No one should gather mushrooms to eat

unless he knows very well the kind he picks. Some of

the poisonous ones have a cup or l)ag around the lower

end of the stem. lUit

some which have this

bag or cup are good to

eat. So yt)U would bet-

ter read tlieir stories,

and not })i('k them for

eating until you know

the kinds as well as

yon know the faces of

your playmates.

If yon should pick a basket full of different kinds in

the woods, and place the caps down on white paper, you

would catch the spores.

You wonld probably find

tliat the spores in some

cases are black, in others

brown, yellow, rose-

colored, or white.

The ink mushrooms.

These are curious and
. , ,. C" ., „f4-,A». Fid. •-'(«». Thf ink oap tiiriiiiit'to ink.

mterestmg. Soon alter

they come up, the gills and much of the cap turn

to a black, inky fluid which you coidd write with.

One kind is called -ink cap." another is called
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the "shaggy mane," or "horse-tail." Tlu'se ar(^ good

to eat before tliey turn io ink.

Puffballs and earth stars.

Did you ever see {)nft1)alls,

and pinch one to see the cloud

of dust which flies out ? Some

people call them '• devil's snntT-

hox." They grow from spawn

in the ground and in rotten

wood too. The cloud of dust

is fidl of spores, which start

more spawn to make more

puffballs, and so the life story

keeps spinning round and

Fl(!. 2V0. The slia^'dy niaiio.or Imrsc

tail iiiushriiiiiii. Al»o nu ink imisli

rnoni.

•;.«>;

round. You have heard of the

starfish ; did you ever hear of

the star fungus or star mush-

room ? We call it earth star, a

pretty name, because it is sha})ed

like a star and grows on the

ground. It is a near relative

of the puifl)all.

Some will tell you that such

interesting plants as the ferns,

mosses, nuv^h rooms, and putf-

l)alls are crijptofjams, and that
,1 (• 1 1 1 i 1 i f'li. -"!• The puffball, or iievil's

tliereiore you sliould not try to snuabox.
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read the stories they have tu tell. lUit why call them

cryptogains? That is a terrible word that ought to be

blotted out of the Kuglish language. Why not call

I'n;. -TJ. Till' fiirtli stiir.

them plants, as they are ? They are just as nuich God's

creatures as the dandelion and thistle and smartweed

are. They are just as interesting, too, and mean as

much in our lives as they do.



Part V

BATTLKS OF PLANTS IX THE WORLD

CHAITKU XXX

THE STRUGGLES OF A WHITE PINE

Many seeds but few trees. It' all the ^ceds of the

white i)ine which fall vear after year from the trees in

the forest and from individual trees in the fields shonld

grow and form trees, the world could not contain them.

For everv seed riiiencd the chances of heeoming a tree

are very few. It seems a great waste of energy on the

part of the tree to form so many seeds wlien so few can

ever hojje to hectjme trees. But it is a very fortunate

provision of Xatitre that a shigle ])lant should ripen so

manv seeds where we know the chances for life are so

small. Many trees hear thousands and tliou.s'inds of

seeds, hut where ;ii(! the young ])ines? Often there

are none to ho seen in the neighhorhood of very pro-

lific trees.

The struggle for a start. From some n\ tlie trees

the seeds fall on cultivated ground, and if the seedlingti

222
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start they are ]>l(iwe(l under while the crops arc lu-iii";

tended. Othf-rs niuy fall on the hard ni< adow *)v grass

land. The seed ran-

u(>\ l»ury itself llen^

li it *ierniinates, the

root laniiol ^o deep

enough t I furnish

water and hxid. hi

th' I or*' St

ma ny seeds

fall "U the

I hick carpit

of dry leaves

Kn;. -T;!. Kunit;

anil iifiirly ma-

ture fruits of

whit<' pine.

and are unable to reach the soft, moist humus, or

earth below, xill these seeds perish. But sometimes
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a cultivated field may be abandoned for several years
and left to grow up to weeds, grass, and bushes. Ani-
mals sometimes disturb the leaves in the forest and

Fio. L'74. Stiu.i.ii flowers of the white pine.

root up the fresh soil. The woodsman may tear open
other places when he drags his logs along the ground.
Large trees uprooted by the wind expose an area of
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Fio. 27r>. At left wintied

seed of white pine,

at right a scale with

two pine seeds still in

position.

moist soil. Seeds which fall in these places have a

better chance for life. Some of them become covered

in the soil by the beating rains. They

are covered at uneqnal depths. The

struggle for a start begins. The good

seed which is covered by the soil and

moistened by the rains germinates.

Before all the roots are fixed deep

enough in the soil the sun comes out

and several days, perhaps weeks, go

by without rain. The surface soil

dries. The seedlings which were

lightly covered perish. The few

which have a good hold in the soil by

being buried deeper than the others

have plenty of water and food. The

crown of leaves is lifted above the soil,

and the embryo case is cast off. The

seedling has pushed its stem and leaves

up to the light, and its roots are spread-

ing in the soil to secure it more firmly.

There are others aroimd it almost within

touch. Troops of these more fortunate

creatures are scattered here and there.
ing up.

The struggle with other vegetation.

Now begins a competition among the seedlings and

other plants for mastery of the position. Weeds, grasses,

mmA
i'lii. 'J7(i. Seedliuj; of

white pine just com-
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vines, perhaps young shrubs and oaks, spring up, for

the soil is thick with the seeds of other plants as pro-

lific in seed-bearing as the pine. Many of these grow

faster now than

the pine seedlings.

The weeds and

grass soon tower

above them and

hide them. It

looks as if tlie pine

seedlings would be

choked out. But

they can do fairly

well in the shade

;

better, perhaps,

than the weeds

think, if they are

capable of doing

such a thing. The

pine seedlings do

not hurry. They
^ bide their time.

They are making

lung and useful

roots. Tliey are preparing for a long struggle for life.

The score after the first season. In the autumn let

us take count of the contest. The weeds raced swiftly

Fki 'J77. White-pint* sefdliiiKs castini; kcimI <i

finl>rv<i cjuiffi.
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and got far ahead. But they have exhausted them-

selves. They have ripened many seeds, hut they die

;

their leaves wither and dry up. This lets in more light

for the tiny puie seedlings. The autumn winds and

rain beat on the dead weeds and break many of them

down. The snow finishes many more. In the spring,

Fir,

.

78. Kvergreens and hroa.l-U-aved trwc jusl grttins iib..ve tlio

wveils Jiml grass ( Alabama).

when the snow disappears, it looks as if the little seed-

lings had another chance. If the winter was cold and

the ground bare for a part of the time, perhaps some

were frozen to death. The second and tliir;! seasons

come and go. The weeds flourish each year just as

before. They hide the tiny pines, but they cannot

choke them
^

out. The little trees grow slowly but

surely.
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Another enemy than weedG to struggle against. Per-

liaps, in the first season, or the second, or the third.

Fig. 279. Young white piu-js gettiug a start. Three ages of pine trees

are shown (.New Yorki.

or even later, another foe appears which pursues dif-

ferent tactics from those of the weed.s. It is a tiny
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fungus, or mold, of delicate gossamer-like threads. It

is apt to make its attack on the seedlings in ^vet

weather, just at the surface of the ground. The

threads of tlie mold make little holes in the stem and

grow inside. They feed on the stem, dissolving so

Fi.i. -M). V..uiig •' bull pines " getting a start (Colorado).

much of it thai it shrinks away and becomes thin and

soft, and dead at the ground level. The little pine

cannot hold itself up. It topples over to the ground

and dies. We say it ^' damps off," because it appears

to rot and die on account of the wet ground. But it

was the little plant mold that killed it. Though the
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mold was very much smaller than the pine, it made a

successful attack. Many

of the seedlings may fall

from the ..ctacks of this

insidious foe.

The pines get larger.

Each year those that re-

main get higher. They

seem to make up in size

what they have lost in

number. They grow at

a more rapid rate now

and are beginning to out-

strip and shade the v.eeds.

The weeds and grass can-

not endure the shade as

well as the little pines

could.

As the pines get higher

the branches reach out

and nearly cut off the

light from the ground.

Finally the weeds and

grass can no longer grow

underneath them. Tl <

few pines remaining have

FIG. 281. Four Kn;.nt whit, piucs
Qvercomc the weeds.

(>ew lork).
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Other competitors appear. There were, perhaps, some

acorns, or beechnuts, or the seeds of other trees in the

ground. A few of these got a stru-t. Some may have

started before the pines did. The T>iiies have grown

Fio. 282. Conifers overtopping broa.l-leave.1 trot-s m theforesHNew ll:uii|'sliire).

„„t of the wav of tl.e weeds now. In fact, they .>e«r

feared the we.a>,. They were grateful for the shade,

perhaps, while they were young. Now the young

oaks and beeches, elms, etc., are more sturdy and

t
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dangerous e()ini)etitorH. They do not die at the end

of the season. They grow larger and larger. During

the summer their broad leaves make

a great deal more shade than the

pine leaves do. Some of the })ines get

covered and crowded as time goes on.

Some of the smaller ones die. This

struggle is renewed year after year.

One foot, eighteen inches, or two feet,

the trees add to their height annually.

Their limbs reach out and interlock as

if in actual physical struggle. The

dense foliage on the upper branches

cuts off much light below. The lower

pines, a shelviiiM; Ul'inCUeS
"mushroom," grow- j-^ j^^^aV-
iiig from a ejiruce '^

hemlock. xhe tall,

smooth trunks of forest

trees appear below the ris-

ing tops, which get higher

and higher. Tlie smaller

trees die and fall to tne

ground. It is a struggle

now l)etween the taller

and finer puies and the

taller and sturdier oaks,

contest for the ''survival of the fittest." Here and

Fn;. '-''<4. Si'Hwn of tin- '• muMhroom" shown

in Fijj. 'J83 as it makes its way through the

wood of the tree.

It is a biittlc of giants, a
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there between the round tops of the oak are clear views

of the sky above. Through these; openings the straight

shaft, or '• leader," of the pine shoots upward in its more

rapid growth. Soon the pines begin here and there to

tower above the other trees. Their branches reach out

and elbow their way above the tops of the oaks. The

pines have risen above the other trees of the forest and

Flii. 28u. KfffOts of tlrf in forest (New .lersey).

hold almost undisi)uted sway. It now becomes a

struggle of pine with pine to see which is the stronger.

Enemies of old pines. As tlic conquered trees have

fallen they have crushed down others, or they \in\e

broken large limbs and bruised the trunks. The wood

and timber enemies, in the shape of the mushroom and

bracket fungi, enter the wound by tiny threads and rot

the " heart " of the tree, so that it is weakened and

hollow. Fires run through the forest, flashing through
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tlie leaves and burning longer in the dead logs. Sound

trunks are Hcorched and sometimes killed, whieli makes

other entrance places for their enemies. Insects, m the

shape of " borers " and " saw-tiies," wound and destroy.

Man sometimes a great enemy of the forest. Then

the . oudman may come to level the giants with axe

an .saw. Against him the pines have no means of

defense. The finest trees

are cut. Here is one

which has suffered from

a fungus enemy, and so

has a hollow trunk. The

woodman spares that

tree becai;pe it is of no

value to him. It is left

standing alone to tell the

tale of the proud pine

forest and its grand

struggle for mastery.

Then man begins his

'< civilizing influences."

The old fallen trunks

and the brushwood are burned. The stumps are gradu-

ally rooted out. The ground is plowed and ])lanted.

Here and there are a few of the remaining Lnants whicli

man for one reason or another leaves in his cultivated

field. One of these is the towering hollow tnuik of the

KUi. 'iWi. A liraokft miislirooin "• HrowiiiK

frniu a iiiapie.
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pine. It has tlie look of conturies. It has ceased to

advance. Near the top of the tall trunk are great

branches. Buildings spring up where once its comrades

stood. Many peopie come to admire this battle-scarred

Fill. 287. (iiants "f th.- forest f.-rifl l.y iinii.

pine. Some one puts a seat near it, and tired travelers

rest under this grand old pine. A vine is planted,

which climbs up on the great bare trunk and gives

it a bit of coloring in summer.

The result of a tussle with a gale. One cold winter

day, when the ground was white with the deep snow,

a w'ind came out of the northwest which grew to a

gale. A terrific contest came on between the whid and

the old pine. Younger elms and oaks, spruces and

pines, grown up since the pine's old comrades had dis-

appeared, bent their limbs and trunks with the gale and
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Fio. 288. White T'iue. Itesult of a tusslt with :i gale.
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CHAPTER XXXI

STRUGGLES AGAINST WIND

While the wind is of very great help to many plants

in scattering their seed, and thus giving rise to new

and young individuals, it is often an enemy agamst

which plants have to contend. Hurricanes and cyclones

sometimes sweep down large tracts of forest trees. In

some localities there are prevailing winds from one

direction. These winds are so frequent and of such

force that the tree cannot maintain its normal erect

and symmetrical growth. Such prevailing winds often

ocmr along the seacoast or near large lakes, and m

mountainous regions, where there are certain well-

established and marked differences in temperature and

air pressures which tend to create continuous currents

in definite directions.

In some places along the seacoast and on mountam

heights, especially on the sides of mountains or on

elevations in mountain passes, the strong winds are

nearly all from one direction and of such force that the

entire tree leans with the wind ; or the trunk may

grow erect while all the branches are on the leeward

cidc The vouns lithe branches which come out on

238
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the windward side are bent around in the opposite

direction. The wind keeps them bent in this direction

so continuously that the growth and hardening of the

wood finally fixes the branch in that position,— a good

example of the force of ha^it. The young branch finds

Fui. 290. Tree permanently bent by win I (coast of New Jersey).

it easier to bend with the wind than to resist it. When

it becomes old this habit is fixed, and the bent and

gnarled branches could not straighten even if the wind

should moderate. Very interesting examples are seen

in regions where the trade winds occur. The trade

I I
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Fill. 2*.)!. Old cypress trot-s, periiiaiif iii.y I" nt I'V Wiiul

(Monterey, coast of California).
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winds are not very strong, but they blow constantly

in one direction. Fig. 293 represents a silk-cotton tree

on the island of Nassau, in the Atlantic Ocean. The

tree is inclined as a result of the constant wind. Where

this tree is exposed to the wind, buttresses (bracing

roots) are developed at the base of the trunk. It is

said that the silk-cotton tree when growing in the

riii. '.TO. Tret- iKTiiiaiit'iitly bout by trade wind (.Xassau).

forest, where the wind does not exercise such force on

it, has no buttresses. The one-sided development of

the banyan tree (Fig. 295), influenced by the trade

winds, is interesting to compare with the one shown

in Fig. 294, where, in the absence of a constant wind

in one direction, a symmetrical development has taken

place.



F... -^H. Banyan tree s,.rea.Ung equally on all sides frou. u -'«•'*';•""''
^^!;;'",JJ;V'"'

stllrtea, and taking root a« it spreads to give support (photograph, Han. No. 0109).

FH. 205 Banyan tre«, moved In one direction by trade wind. Tbe older

portion of the tree is at the right.
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CHAPTER XXXII

STRUGGLES FOR TERRITORY

. The struggle is going on around us all the time

There are opportunities fur all of us to see some of

I
Fl<i. 'ilHi. SycK.nores, ,ra««..s. au.l weed., l.avin, a Uar.l tiuu- ..an>n« on « r..ok bed.

these struggles among the plants themselves, and the

struggles of plants with the conditi.-u of the soil or

weather or other surroundings. Cxo into woods or

244
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fields almost any day and you will see some sign of

the warfare going on. A grapevine has covered over

Heveral small trees and is smothering and weighing

them down. The grass has stopped growing under

trees wliich branch and produce dense foliage near the

Wlien the water is drained from a marshy
iiround.

Fio. 297. I8lun.l with periK-mlicuUir 8i.U-8 iu Lake Ma.«iwiopio, A.lir.>n.lack«.

piece of ground, plants from the drier ground rush m,

and soon the character of the vegetation is changed.

Did you ever observe how much quicker the grass or

cultivated plants wither in dry weather near large

trees ? The tree takes water from the soil. It cuts

off the water supply of other plants. It takes their

food also. There is often a struggle among the branches
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of a tree to see which one shall get most of the light

and thus outlive its competitors.

Certain soUs are congenial to certain Plants. If all

plants could grow in all situations, we should have

fewer kinds of plants because there would be so many

competitors for every foot of ground. But some plants

ha^^e found one kind of soil congenial to them, and

other plants prefer another khid of soil. So many

plants leave certain territory undisputed, and only

enter into a contest if some favorable changes take

place in those localities, provided, of course, their seeds

U in
^ re We do sometimes find a few plants

st.ugglin^ in a very uncongenial soil, but they never

VK. .98 island in Kaquette River, A.UronaaoK«. with sloping .i.i.s and

1 lo. _»8.

p,„^iji„g different kinds of territory.

become real competitors wiih the plants which like to

grow there. They are struggling only with the physical

forces of nature, not with other plants.
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Struggles of plants on border territory. The different

territories which are congenial to different plants border

on one another. Sometimes the border is very abrupt,

so that there

is no struggle

on the part of

the plants in

one territory

to cross over

into the other.

But in a great

many cases

the change

from one ter-

ritory to an-

other is grad- f,o 290. Bord' ^f laie with sloping shore. Cookl.bur o

1 In these the right HgU with grasses on the lett athaca, N.Y.).

cases the border line becomes the seat of a fierce

struggle for occupation between the plants of the

two adjoining areas.

These struggles are very commonly seen along the

borders of lakes, ponds, or streams, where the ground

slopes gradually down to the water edge and out mto

deep water. So, also, on the borders of marshes or

where there is a gradual difference in elevation from

. , -1 1- „.i.;«1t i'u rlripr Here we often
a moist soil

see various
battle array
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Jikes to giuw
J

..f lakes and ponds, where the water i«< n i

ot UKes \ .

^y ^ter, aiKl

The cat-tail flag prefers a httle less dept

u

j
it contends for the ground nearer the shore, .here

1 ,,l..-.rriv.Misli.>relim-.>f
bik.-aUiiu-u,N.V.).

Fi.i. -.m. riiiiits arawii 111 iKittl.' .irr.i>

water is very shallow. Tlie Joe-Pye weed and boneset

WVe verv moist soil near the water.

I„ this picture (Fig. 3(10) you see such a contest gon.s

„„ and tte lines of battle sharply drawn. Near t .s

pLrvon could see an anny of rushes occupymg the

e Mud of territory that the arrow-leaf occup,es

here because the same ..onditions were .-ongenial to .t

!:rther„.sh drove the arrow-leaf out. ^o. on s,u=li ,.

puted .rounds, struggles for possessum go on between

Z ki^ds of idants which like that territory, and the

weaker ones are often crowded out ot existence.
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CHAPTEU XXXIIl

PLANT SOCIETIES

Plant associations. Tlunts xvhich have congenial

dispositions often grow togetlier in harmony on tiie

same territory. There is room for several .hfterent

kinds, just as there is room for many small st.mes m

the s])a('es l)et\veen large st(mes in a l)iU^ Moreover,

F,.. 301 Peat-lK,K forn.ati.m with h.-.itUs. oranlH-rrU-B, s.-.l^es. -tc., jfr»wi..« on it,

L\ all !;.lva.a.in« t.. till in tl>.. l-.M. This is a plant " atoll.

several kinds of plants of the same size may have

ronc^enial dispositions toward each other, so that they

(.an'live peaeealdy together. No one of these kinds

tries to cover all the ground. They are content with

a spot here and tlicre. At l-ast they have not very

pugnacious dispositions, nor are they so forward as to

^
249
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crowd themselvos in and pvisli out the others. Plants

which live together peai'eal.ly in this way form societies.

They are really social in the r dispositions, and often

several kinds in one society are deiiendent on the

others. They could not live .u ne. They need some-

thing to cling to, or they leed protection from the

great light and heat of the .^ n.

Even where th<^ rushes, and cat-tails, and arrow-leaf,

and Joe-Pye weed seem tu occupy the ground, there

are many other kinds of i)lants which are not so large

that fit in between the tall one^ or cling to them, or

tioat in the water.

Peculiar societies of peat bogs. Whcii you visit the

peat bogs or si)hagnum moors, where the ])eat moss or

sphagnum grows, ycni will find i society of peculiar

plants. These plants like cold water and other singular

surroundings for their stems and root - Their dispo-

sition is so unusual in this respect that none of the

common plants you are familiar with in the fields and

woods would go into their society or lix<' in their

territory, unless after many years the character of

the territory should change so that it would be more

congenial.

Growing along with the peat moss you will often

find cranberries, Labrador tea, the curi(.us pitcher ])lant,

and many other plants with thick leaves which are

retentive of moisture. The plants that associate with
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the l)eat moss must be those which give off wate nto

the air slowly, si.u-e the r.Ad watet- and certu u acuis

about their roots in th.. dead peat below the M.rface

prevent the roots iroiu taking up water rapidly.

The vegetation on the margin of the peat bog. On

the margin of the peat b.,g, Nvhere the ground is dner

1 1., , i„t.. tlu^ 8.-a Tluv liave iwlvanceil from the trees

K... :m. Hants '^^^<^^ l:;";Jhuaared year..

and contains more soil, you may see the plants drawn

up in battle arrav. The so<'ieties are struggling among

themselves, and are also pushing their way f^^^ly
out

into the peat. The story of the advance is plainly told
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by the size and age of the vegetation, as well as by its

difference in character.

Many of the peat bogs were once small ponds or

lakes. The peat moss and other plants which find shal-

low water a congenial place to grow in begin march-

ino- out from the edge of the water toward the center

of the pond. The stems of the peat die below and

grow above. So in this way they build up a floor or

platform in the water. The (U^ad peat now in the

water below does not thorouglily rot, as the leaves do

in the moist ground of tlic fortist. because the water

shuts out the air. Tlii! partly dead stems of the moss

pile up quite fast in making the platform, which some-

times is entirely compo.sed of pc^at. Other plants may

grow along with the peat. Their dead bodies also helj)

to build up this floor beneath.

The army of peat and other water plants continues

to march out toward the center of the pond, though

slowly. Finally, in many oases the line around the

shore meets in the center and the pond is lilled up, the

floor having been extended entirely across. But they

keep on adding each year to the floor, raising it higher

and liigluT. until it i> higli enough and dry enough for

the marching armies ol' the dry land gra.s-^es. shrubs,

and trees. At length a forest comes to stand on the

floor built across the ])ond by the [)eat moss and the

other members of its society.
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Forest societies. There are many kinds of forest

societies, just as there are of herbaceous plants. These

depend on the elevation, the action of the climate, soil,

etc., as well as on the kinds of trees. Forests in the

arctic regions are ditterent from those of the temperate

KUi. 3<K5. VeKOtHtioii "ii lM)riler of luarsli.

zones, and these are ditforent from the forests of the

tn.pics. Tlu> s,.ciety may be at first mixed, cone-

bearing, and evergreen trees, with broad-leaved trees.

In the"end of the struggle some of these are likely to

be crowded out. Where the forest growth is even and

the leafv tops cut oif much of the light, the f.^rest floor
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will be covered with leaves ;
there will be an absence of

shrubs and herbs, except the shade-loving ones, and the

wood will be open below and free from " undergrowth.

When the ft)rest is open above because of the unequal

..rowth of the trei's. or because of the destruction of

Vui. .«'>. r.,IHo ol hroiul-loiived torist tooioty in « iiil.r.

some_ of the larger trees, light will enter and encourage

•I greater or less development of undergrowth,— young

e.s, shrubs, flowers, grass, etc. Tlicn, to... y.,u ob-
tret

serve in t,he forests the great numbers of mushroom.s,
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singular but beautiful and important members of

a forest society. Some of them, however, become

enemies of trees, entering at wounds and rotting out

the heart. Others attack the leaves, and by mjurmg

or destroying these food-getting organs weaken the

life of the tree. Others attack branches and deform

or blight them.

Mosses and lichens, in the temperate and arctic

forests, greatlv influence the character of the tree

trunk which they cover and color. Those liangmg on

branches give a grotesque appearance and sometimes

do iniurv In sub-tropical and tropical forests there

is a tendency to a change of position of the smaller

members of the society from the forest floor to the

tree tops, where hanghig moss and tree-dwelling orchids

and ferns al)(>und.

Desert societies. The oddest looking of plant societies

.„., desrrt societies,- the great trunks of different

kinds of cactus, with no leaves on them, or the

sprawling nj.n^flas. many of the cacti covere.l with

spines These lar-e fleshy trunks do not lose water so

rapidly as thin leaves do; so these plants are well

suited to .vow in the dry climate of the desert, where

the soil is often parched and little water can be lound

bv the plants. Tin. eharacter of the vegetation is the

ri-ult of ages of warfare with uncongenial conditions.

•Vll plants' not suited lu grow here either have been
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driven out or have not been able to enter. Those

which could take on these forms of the cacti, or of the

yuccas, etc.. bore trunks with a few hard-sknined

leaves at the tops, survived, and now find these con-

ditions quite congenial to them.

Fence-corner and roadside societies. Not every one

of you can go to the desert to see the desert societies.

Fl'i. :!<IT. Ki'srrt siK'iictv. I'hirlly \ui'i':i.

o, to see the arctic or tropical societies. \ou must

he coulent with pictures of theui. But nearly every

one can sec plant societies near at hand that arc

interesting if looked at in the right way. .S.me oi

you, in large cities, perhap.s du not often see fence
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corners (though there are .some in the heart of New

York city) or country roads. But you .surely get an

outing into the country once in a while. If you don't,

you ought to, that's all. Then y.)U can study fence-

corner societies, roadside societies, field and forest

societies, the brambles, weeds, berries, golden-rod, and

asters, and the new-mt)wn hay.

Garden societies. Most of you can have, at least,

a garden son.'tv, a little plot of gnnind where you can

plant seeds <m- see the th.wers grow, and in the corner

of the gard.'H a place whore ti.e wild flowers and weeds

mav struggle.

Plant societies in windows. Here, 1 am sure, all

can liav. a plant -M.ci.ty Im- observation. Fasten ou

a window ledir.- a l..ng buv.. with broken bits of cro^k-

erv in the bottom and garden soil on top. 1 hen-

should iH^ MU nutl.-t in on.' end to drain oil tlu- surplus

water. Her.' vou .-ui grow peas, beans, and ..ther

planus to ^..e then, ^tvu-de with ...0!. other an<l turn

toward the liirht. In another bo.x. or in pots, you

Pan raise some flov«^s,— uvrani.nns. primroses, and

otlu'P suitable ones.

You can also havr a wati-r-plant socic-ty by tittmg

up an aquarium In a well-lighted window. This .an

be made by u.ing . large gla.> vess.-l, or perhaps sorr.e

small one., ran be mad.- by u^ing fruit ]ars or br.-ao

pans. Put some gard..n soil in the bottom to supplv
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1

some of the f..oJ. Thou nearly liU tl,e vessel vv. h

water. In tl.ese u.,uaria yo': :
place cW«<, the

pond »c„m, and other water ,
'

''»' <!" ""*, '"'™

them too crowded. With »eve.-.l
' th..* a.,..ar.a and

the window ganlens you «ir ^ ' an oi,iK,rt»n.ty of

learninf! some interesting hal.iw ot plants

While y,.u can learn many interesting tlnn^s abou

plants Iron, wind-.w-garden societies, yon should no

1,0 content w.th the.se n.ere siliu.^ses ot the hah.ts and

s<«ial lite of plants. The best place to study plants .s

in their own hon>es ; so improve every opportnmty o

visit the fields and woods, become acquainted wi h

so„>e of the .lowers au,l trees, and especially to study

their tehavior nniler different conditions a.id at d.l-

ferent seasons of the year. When the (iehls and woods

cannot he visite.i, the parks and gardens w,ll funnsh

P,any suhjcc'ts tron. whi.rh .v«n can r. a > u,ost mter-

esting stories if yon will only try to int.-pret tte s,gn

l.uguage by means ot which the trees and flowers

express to ns their lives and work.
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/IbHfilon, variegated leaf of, 111.

Acorn, 174-

Akene, 170.

Amanita, "217.

American critptT,

Ainpelopxix, l-'.4.

Annuals', 42.

Apple, 17:i, 174.

Assimilation, ll'.».

\:a.

Banyan tr»-i'. 2»J. 24;'..

Barium carbonate. 127.

Barium hydrate. 127.

Baryta-water, 127^

Be^'fjar needles, 170.

Behavior of flowers, 16«-lty.

Behavior of plants, 132-167.

Berry, 172.

Biennials, 4:'..

Blaektieiry, 172.

Bladder uieliibnine. 7C.-7H, IM).

Brealhiiip of plants. 120-131.

Buds. 33-3'.).

Bull). .-.•>.

Burdoek, fniit of, W>.

Bur marifjold. 17o.

Hieds of, 18:>.

Buttereup. Ilowerof, LMl. l''>7.

Buttresses.
'<'.

Cactus society. 2.')T.

Calcium carlxmate, 127.

Capsule fruit. Hi".*.

Carbon ilioxid. .2.3-131.

Carbonic acid, 123, 126.

Catilicle, li>. 20.

Caustic poliwh, 12it, 130.

Cedar of Lebanon, 14H.

Cell, make-believe plant, 7(i-7H.

Cells, plant, work of, 71t, 85.

Chloral hydrate, 111.

CU'U)ati8. seeds of, 182.

Climbing by coiled stems, 161.

by roots. li>4.

by tendrils, 1.V2.

Clind)ins; plant.^, 150-156.

Cobalt-chhiride paper, 07.

Co<-klebur, fniit of, 183, 184.

Compass plant. 143.

Corm. 52.

Cotylclons, 3-.i. 12-15, 72, 73, 108.

Cro.ss pollination, 104. 107.

Cypress tree, bent by wind, 240.

l)andeli(ni. curlins of stem. 8.j, 80.

seeds of. 178. 182.

Desert so<'ieties, 250-258.

Dnd.ler, 151, 152.

Drupe. 170, 17:'.. 175.

Kartli stars. 220. 221.

Elm, seeds of. 182.

Elodea. 115. 110. 121.

Embryo, 10. 22.

„f f.-rn, 20".>.

Embryo ca.se, 102, 103. 220.

203
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Endosperm, 22, 23, 200.

Erect plants, 40, 41.

Fern, bank of ferns, 205.

bracken, 211.

Christmas. 21M>.

fruit dots of, 205, 200, 208.

life story of, 204-211.

little s))leen\vurt, 207.

maidenhair, 208.

polypody. 208.

prothallium of, 208-210.

spore cases, 205, 200.

spores of, 205, 200.

walking, 210.

Fire, effects of, 233.

Fi'tonia, 71, 72, 148.

Forest, mixed, 231.

conifersabove broad-leaved trees,

231.

Forest societies, 253-256.

Fruits, 168-175.

Fruits explosive, 177.

Garden balsam, explosive fruits of,

176.

Garden societies, 200, 261.

CJas given ofi in starch-making, 121-

125.

Germ, 193, 208.

Germ pocket of fern prothallium,

208, 209.

Girdle scars. ."".

Herbaceous plants, 44.

Hydrogen, 124. 125.

Hypocotyl, 19.

Inipatiens, explosive fruits of, 176.

Iodine, tincture of, 109.

Jack-in-the-pulpit, 164-166.

Jewel weed, explosive fruits of, 176.

Leaf scars, 37.

Leaves, 60-73.

autumn, 62.

color of, 60-62.

compound, 63-65.

dodder, 61.

duration of, 72.

evergreen, 202, 203.

Indian-pipe plant, 61.

mosaic of, 71.

position of, 67-70.

purslane, 61, 63.

simple, 63, 64.

spine-like. 66.

variegated, 61, 112. 113.

veins of, 72, 108.

wearing a mask, 65, 66.

work of, 73, 115.

Life substance, 92, 193.

royal bit of, 193.

Li^lit, behavior of plants toward,

130-149.

effect of. on growth, 137-139.

importance of, in starch-making,

116, 117.

influence of, on leaves, 142-149.

Lime-water, 127.

Maple, seeds of. 183.

Milkweed, seeds of, 177, 178.

Miinom, 132-135.

Moss, capsule of. 213, 214.

life .story of. 212-214.

l)igeon-wli('at, 213, 214.

spores of. 214.

Mushroom, bracket, 232, 234.

horse-tail, 220.

m
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Mushroom, ink cap, 219.

life story of, 215, 221.

mycelium of, 217.

poisonous, 217-219.

shaggy mane, 220.

shelving, 232, 234.

spawn, 216.

spore print, 216.

spores, 216.

Nitrogen, 124.

Oak, life story of, li)4-203.

mo.ss-covered, 200, 201.

over-cup, 200, 201.

red, 197, 200.

scarlet, 196, 200.

white, 194, 198-200.

Ovule, 192.

Oxidation, 131.

Oxygen, 123-125.

Peat bogs, 251.

Pepo, 174.

Perennials, 43.

Petioles, rigidity of, 83, 84.

Pine, white, fruits of, 223, 225.

seeds of, 225.

struggles of, 222-237.

Pines, bull, 229.

enemy of, a shelving mushroom,

232.

Plant atoll, 250.

Plant .societies, 240-261.

Pod, 169, 171, 172.

Poison ivy, 55, 154, 155.

Pome, 174.

Pond scum, 117.

Prickly lettuce, seeds of, 182.

Prostrate plants, 42.

Protoplasm, 92.

royal bit of, 193.

Puffballs, 220.

Pumpkin flower, 158-160.

Raspberry, 172, 173.

Receptacle, 171.

Respiration, 126-131.

Rhizome, 49.

Roadside society, 259.

Root hairs, 10, 11, 15, 16, 68, 59.

Roots, air, 55, 56.

behavior of, toward moisture,

32.

bracing, 56.

fibrous, 55.

growth of, 24, 25.

pressure of, 87.

taproots, 54.

work of, 57, 87-93.

Rootstock, 49.

Samara, 182, 183.

Scale scars, 37.

Screw pine, bracing roots of, 66.

Seedlings coming up, 1-6.

Seeds, contrasted with fruits, l(i8.

germinating, 7-17.

how formed, 158, 192.

how scattered, 176-184.

winged, 182.

Sensitive plant, 132-135.

Shoots, winter, 33-39.

Silk-cotton tree, bent by trade wind,

242.

bracing roots of, 57.

Silkweed, seeds of, 177, 178.

Skunk cabbage, 165, 167.

Spawn of bracket mushroom, 233.

Sperm, 193, 208, 209.
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Sptrni pocket of fern piotlialliuin,

UOX, I'diX

Star cuciiiiibiT, 1"j;!.

Starch. WX
test for. l(i!», 114.

u.ses of. IIU.

Stem, ir-i-ry.].

aw enilinu. 40,

buirowiii^, 4'.'.

cliiiiliiii;;. 4S.

(k'liiitie.scciit. 47.

diffuse, 47.

exctirri'iit. Hi.

growth of. 20. ."U, V2.

prostrate. 4X.

triiiliii;.'. 41^.

Stirk-ti^'hts, ,-eeils of, 1«:!.

Stone fruit. 17n.

Strawliirry, 17t). 171. 17;'.

Stniirgli s airaiiist wind. •j;W-24;'..

for territory. •_'14--_'4H.

Siinrt' • .',cr, belia\ior of, in Howerini;.

l(il-l(i:!.

effect of li-ht on, 144-14(i.

Sweet-pea. flower, 18i>-l!a.

fi rination of stcd, l".t2, 19;i.

life >torv of. IH.V-l!*::.

Teasel, flowering of, 163, 1«5.

Toad.stool, 218.

Torus, 171.

Touch-me-not, explosive fruits of,

17(i.

Tuber, T.l.

\'a.scular bundles. 100-108.

N'irjrin's bower, seeds of, 182.

Water, absorption of, by plants,

87-o:j.

loss of, by plants, 94-100.

use of, to plant, 74-8t).

Water paths in jilant, 100.

Water vapor, W, 97.

Wild lettuce, seeds of, 182.

Wind, struggles against. 2:58-24;!.

trade, 242.

trees permanently bent by. 240-

24;'..

Witch hazel, e.xplosive fruits of,

177.

Woi>dy plants, 44.

Yucca .societv. 2.')8.
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