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305. Classification of Types studied.

DiATOMACE^. Yellowish.

Diatoms.

Cyanophyce^. Blue-green or some similar color.

Oscillatoria.

Chlorophyce^. Green.

Pleurococcus, Spirogyra,

Vaucheria, Nitella.

Ph^ophyce^. Olive.

Fucus.

Floride^. Red.

Nemalion.

Polysiplionia.

THE STUDY OF BLACK MOULD (RHIZOPUS NIGRICANS)

306. Occurrence. — This mould maybe found in abundance on

decaying fruits, such as tomatoes, apples, peaches, grapes, and cher-

ries, or on decaying sweet potatoes or squashes. For class study it

may most conveniently be obtained by putting pieces of wet bread

on plates for a few days under bell-jars and leaving in a warm place

until patches of the mould begin to appear.

307. Examination with the Magnifying Glass.— Study some of

the larger and more mature patches and some of the smaller ones.

Note:

(a) The slender, thread-like network with which the sm-face of

the bread is covered. The threads are known as Tiyphce, the entire

network is called the mycelium.

(F) The delicate threads which rise at intervals from the myce-

lium and are terminated by small globular objects. These little

spheres are spore-cases. Compare some of the spore-cases with

each other and notice what change of color marks their coming to

maturity.

308. Examination with the Microscope.— Sketch a portion of the

untouched surface of the mould as seen (opaque) with a two-inch

objective, then compare with Fig. 189.
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Wet a bit of the mould, first with alcohol, then with water.

Examine in water with the half-inch objective, and sketch a little of

the mycelium, some of the spore-cases, and the thread-like stalks on
which they are borne. Are these stalks and the mycelium filaments

solid or tubular ? Are they one-celled or several-celled ?

Mount some of the mature spore-cases in water, examine them
with the highest obtainable power, and sketch the escaping spores.

Fig. 189. Unicellular Mycelium of a Mould (Mucor Mucedo), sprung from a

Single Spore.

a, b, andc, branches for the production of spore-cases, showing various stages of

maturity. (Considerably magnified.)

Sow some of these spores on the surface of " hay-tea," made by

boiling a handful of hay in just water enough to cover it and then

straining through cloth or filtering through a paper filter. After

from three to six hours examine a drop from the surface of the

liquid with a medium power of the microscope (half-inch objective)

to see how the development of hyphse from the spores begins.

Sketch.



TYPES OF CKYPTOGAMS; THAJLLOPHYTES 259

After about twenty-four hours examine another portion of the

mould from the surface of the liquid and study the more fully

developed mycelium. Sketch.

309 . Zygospores .— Besides

the spores just studied, zygo-

spores are formed by conju-

gation of the hyphse of the

black moulds. It is not very

easy to find these in process

of formation, but the student

may be able to gather from

Fig. 190 the nature of the

process by which they are

formed,— a processwhich can-

not fail to remind him of the

conjugation of pond-scum.

THE STUDY OF WHEAT
KUST (PUCCINIA

GRAMLN-IS)

310. Occurrence. — Wheat

rust is common on cultivated

wheat and other grains, and

also on many wild and culti-

vated forage grasses. In fact,

this or similar rusts occur on

a very large number of grasses,

and many species of such rusts

are recognized, A rust may
have one, two, or three kinds

of spores, and when three occur one is known as the cluster-cup stage

and the others as red rust and black rust, according to the usual

approximate color of the spores. The rust called Puccinia graminis

growing on wheat has its cluster-cup stage on the leaves of barberry

in June. The spores from the cluster-cups are carried by the wind

to the wheat, where they germinate and in a few days produce the

'^::::>j

Y'-^l

•Formation of Zygospores in a

Mould {Mucor Mucedo).

1, threads in contact previous to conjuga-

tion ; 2, cutting off of the conjugating

cells, a, from the threads, 6 ; 3, a later

stage of the process ; 4, ripe zygospore ; 5,

germination of a zygospore and formation

of a spore-case. (1-4 magnified 225 diam-

eters, 5 magnified about 60 diameters.)
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red rust. A little later the black spores appear, produced from the

same mycelium. This growth is chiefly upon the stems and sheaths.

Fig. 191,— Spore-Formation in Potato-Blight {Phytophthora infestans).

A, a well-developed group of stalks, proceeding from a mass of mycelium inside

the leaf and escaping through a stoma ; £, a young, unbranched stalk, h,

hyphse of mycelium ; o, stoma ; s, spore. (Both figures greatly magnified, B
more than A.)

311. Cluster-Cup Stage.— Note with the naked eye and with a

magnifying glass the appearance of the cluster-cups upon the bar-

berry leaf. Fresh specimens should be used, if available. Note

whether the leaf is changed in form or color in any part occupied

by the fungus. Note the number of cups in a cluster, the position

on the leaf (which surface?), the form and size, especially the height.
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Are they straight or curved ? Describe the margin of the cup, the

color without, and the color of the contents.

With a power of 200 diameters or more examine some of the

cells composing the cup and note the form, color, and nature of the

surface. Draw. With the point of a needle or knife pick out a

bit of the contents of the cup and examine as above. ISTote the

characters as before and compare in detail with the cells of the cup.

The cells within the cup are the spores. Can you tell how they are

attached ?

A thin section through the cup will show the mode of attachment

and the relation of the spores to the cup.

312. Examination of Red and Black Rust. — Under the magnify-

ing glass examine the eruptions of spores (sori) on the wheat plant,

some of red spores and some of black spores. The red spores are

faded in dried specimens. Note the approximate size and shape

and any other peculiarities. Prepare slides of each kind of spores

and see if both can be found in one sorus. The spores may be

taken from the host-plant on the point of a knife by picking rather

deeply down into the sorus. Place the small quantity of spores so

Fig. 192.—A Cliister-Cup of Anemone Rust {Puccinia fusca). (x 120.)

s, chains of spores
; p, the covering or peridium of the cup ; h, hyphae.

obtained in a drop of water on a slide, spread with dissecting needles

and cover. Examine under a power of 200 or more diameters.

The red spores (uredospores) have each a stalk from which they

easily fall. They may be seen attached to their stalks if properly
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prepared cross-sections through the sorus are available, especially if

the material is fresh. Examine the spores and note the sha.pe, color,

and surface. If the spores are shrunken, a drop of potash solution

will restore the natural plumpness. Draw. Spore-measurements are

important in determining species. The uredospores of Puccinia

graminis may be distinguished from those of other species common

f;
on grasses by the greater proportionate

length.

The structm-e of the black spores

(teleutospores) can be made out with-

out difficulty. Some should be found

attached at the base. N'ote the parts

and the differences in color in different

portions. Make careful drawings to

show shape and structure of both kinds

of spores.

Boil a portion of a rust-injured plant

in potash solution, pick it to pieces on

a slide under the magnifier or dissect-

ing microscope, use a cover-glass and

examine the preparation for mycelium,

using a high power.

313. Cultivation on a Host-Plant.—
If practicable, find some wheat or grass

which has remained over winter with

the black rust upon it. Tie a bunch

of this to a barberry bush while the

leaves are young or unexpanded. When
the time arrives for the appearance of

the cluster-cups, note whether they are any more abundant on this

bush than on others. Are you sure that the rust you have is the

one to which the barberry cluster-cups belong ?

Fig. 193.—a Group of Spores

of Wheat Rust {Puccinia

graminis). (x about 440.)

u, u, uredospores ; t, a teleu-

tospore.
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THE STUDY OF MICROSPH^RA

314. Occurrence. — Species of Microsphoera and allied forms

occur in late summer and fall on leaves of various herbaceous and

woody plants. The growth is confined to the surfaces of the leaf

(upper, lower, or both). Among the most available species are

those which grow upon lilac, oak, grape, cherry, willow, and wild

plants of the sunflower family. Some species are known to occur

on only one host-plant, others occur on several or a large number,

and the host-plants may belong to one or n\ore than one family.

Besides Microsphcera there are about five other genera, any of

which may be substituted or studied comparatively. They are dis-

tinguished by the form of the appendages, together with the number

of spore-sacs (asci) in each sac-receptacle or perithecium.

The species of fungi which Microsphcera represents are called

powdery mildews.

With naked eye and magnifying glass examine the surface of a

leaf bearing powdery mildew, l^ote which surface and what portion

of the surface is occupied by the fungus, whether the occupied area

is restricted or not, the color, and any other characters.

315. Examination with the Microscope.— Place a small drop of

water on the leaf where the fungus occurs, if possible where dark-

colored specks occur among the mycelium. Pick from the leaf a

portion of the fungus loosened by the water and place with a drop

of water on a slide. Place a cover-glass over it. Examine under

a power of about fifty diameters. The dark-colored specks will be

seen as somewhat spherical bodies (perithecia). Note their structure

and color and their appendages. Have the perithecia any regular

way of opening? Note the length of the appendages as compared

with the diameter of the perithecia ; also note the form of the tips

and of the base, the color and any variation of color in different

parts of the appendages. Keep the left hand on the focusing screw,

and with the needle in the right hand press with gentle but varying

stress upon the cover-glass to rupture the perithecia. Even with

great care broken cover-glasses may result, but this pressure should

force out the contents of the perithecia. Another method is to

remove the slide from the microscope and, with a pencil rubber
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— cap

applied to the cover-glass, rupture the perithecia by gentle grinding

between the cover and slide. Note the number and form of the

spore-sacs (asci) expelled from each of several perithecia. Examine

under a power of about 200 diam-

eters and count the number of spores

in the asci. Gentle pressure may
make them more distinctly visible.

Make drawings to illustrate the

structural characters observed.

THE STUDY OF AGARICUS

316. Occurrence.— The common
mushroom, A garicus campestris,

grows in open fields and pastures

in the United States and Europe.

It is the mushroom most extensively

cultivated for market, and if not

found in the field it may be raised

from " spawn " (mycelium), put up

in the shape of bricks, and sold by

seedsmen in the large cities. Those

who make a specialty of selling it

furnish directions for cultm^e free.

A moderately warm cellar or base-

ment makes an excellent winter

garden for mushrooms.

317. Structure of Mycelium.—
Examine some of the spawn, or

mycelium, with the magnifying glass

and the low power of the microscope,

and with a power of 200 diameters

or more examine the individual

hyphse which compose it. Are the hyphse united in cord-like strands

or otherwise, or are they entirely separate ? Look for cross-partitions

in the hyphse. Is there any peculiar structure to be found at these

places ? Are the cross-partitions near together or widely separated ?

Fig. 194.—A Mushroom {Agaricus

melleus).

my, mycelium ; c, c', c", young
" buttons "

; st, stipe or stalk ; r,

ring; S', gills.
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318. The Spore-Plant.— Search for indications of fruiting, and

note the appearance of the " button mushrooms " in all available

stages. Draw. See if at any stage up to maturity an outer envelope

of tissue (yolva) can be found enclosing the entire fruiting body.

If such be present, what becomes of it at maturity? If material is

available, compare the species of Amanita (poisonous) in regard to this.

Examine specimens in which the cap is expanding and see if

there is another tissue forming a veil covering the under surface of

the cap. If such be pres-

ent, how is it attached '^

and what becomes of it?

Take a fresh, well-

expanded mushroom or

toadstool. Remove the

stalk, or stipe, close under

the cap, or pileus, and lay

the latter, gills down, on

a piece of paper. Let it

remain undisturbed for a

few hours, or over night,

so that the spores may
fall upon the paper. Note

carefully their color, also

the form in which they

are arranged on the paper. What determines this form ? Examine

some of the spores under the highest available power of the micro-

scope. Measure and draw.

Describe the stipe. Is it a hollow tube or solid ? Does it taper ?

l!^ote length, diameter, color.

Describe the cap, or pileus, in regard to diameter, thickness, nature

and color of the upper surface, also color below.

Examine the plates, or gills, which compose the under portion of

the pileus. Cut a complete pileus and stipe, through the center, and

draw an outline to show the shape, noting particularly how the gills

are attached. What is the color of the gills ?

319. Origin of Spores.— Make a cross-section of one of the gills,

and with a magnifying power of about 200 diameters examine the

B
Fig. 195.— Portions of Gills of
V a Fungus {Agaricus).

A, slightly magnified ; B, one
of the parts of A, more mag-
nified, hym, hymenium ; h,

central layer.
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fruiting cells (basidia) which project at right angles to the gill and

bear the spores. At how many points (sterigmatd) on each basidium

are spores attached ? Draw a basidium, preferably one from which

the spores have not yet fallen.

THE STUDY OF YEAST (SACCHAROMYCES CEREVISI^E)

320. Growth of Yeast in Dilute Syrup,— Mix about an eighth of

a cake of compressed yeast with about a teaspoonful of water and

stir until a smooth, thin mixture is formed. Add this to about half

a pint of water in which a table-

spoonful of molasses has been

dissolved. Place this mixture in

a wide-mouthed bottle which holds

one or one and a half pints, stop-

per very loosely ^ and set aside for

from twelve to twenty-four hours

in a place in which the temper-

ature will be from 70 to 90 degrees.

Watch the liquid meantime and

note :

(a) The rise of bubbles of gas

in the liquid.

(&) The increasing muddiness

of the liquid, a considerable sedi-

ment usually collecting at the end

of the time mentioned.

(c) The effect of cooling off the

contents of the bottle by immers-

ing it in broken ice if convenient,

or, if this is not practicable, by

standing it for half an hour in a pail of the coldest water obtainable,

or leaving it for an hour in a refrigerator, afterwards warming the

liquid again.

(c?) The effect of shutting out light from the contents of the

bottle by covering it with a tight box or large tin can.

1 If the cork is crowded into the neck with any considerable force, pressure

of gas and an explosion may result.

Fig. 196. — Part of the Preceding Figure.

(X about 300.)

C, layer of cells immediately under the

hymenium ; s, s', s", three successive

stages in growth of spores.
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(e) The result of filling a test-tube or a very small bottle with

some of the syrup-and-yeast mixture, from which gas-bubbles are

freely rising, and immersing the small bottle up to the top of the

neck for fifteen minutes in boiling water. Allow this bottle to

stand in a warm place for some hours after the exposure to hot

water. What has happened to the yeast-plants?

(/) The behavior of a lighted match lowered into the air space

above the liquid in the large bottle, after the latter has been standing

imdisturbed in a warm place for an hour or more.

(^) The smell of the liquid and its taste.

321. Microscopical Examination of the Sediment.^— Using a very

slender glass tube as a pipette, take up a drop or two of the liquid

and the upper layer of the sediment and place on a glass slide, cover

with a very thin cover-glass and examine with the highest power

that the microscope affords.

Note:

(a) The general shape of the cells.

(b) Their granular contents.

(c) The clear spot, or vacuole, seen in many of the cells.

Sketch some of the groups and compare the sketches with

Fig. 197.

Run in a little iodine solution under one edge of the cover-glass,

at the same time touching a bit of blotting paper to the opposite

edge, and notice the color of the stained cells. Do they contain starch ?

Place some vigorously growing yeast on a slide under a cover-

glass and run in a little eosin solution or magenta solution. Note

the proportion of cells which stain at first and the time required for

others to stain. Repeat with yeast which has been placed in a slen-

der test-tube and held for two or three minutes in a cup of boiling

water.

With a very small cover-glass, not more than three-eighths of an

inch in diameter, it may be found possible by laying a few bits of

blotting paper or cardboard on the cover-glass and pressing it against

the slide to burst some of the stained cells and thus show their thin,

colorless cell-walls and their semi-fluid contents, protoplasm, nearly

colorless in its natural condition but now stained by the iodine.

1 See Huxley and Martin's Biology, under Torula.
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EXPERIMENT XXXIX

Can Yeast grow in Pure Water or in Pure Syrup ?— Put a bit of

compressed yeast of about the size of a grain of wheat in about four

fluid ounces of distilled water, and another bit of about the same size

in four fluid ounces of 10 per cent solution of rock candy in distilled

water
;
place both preparations in a warm place, allow to remain for

twenty-four hours, and examine for evidence of the growth of the

yeast added to each.

322. Size, Form, and Structure of the Yeast-Cell.— The student

has discovered by his own observations with the microscope that the

yeast-cell is a very minute object,— much smaller than most of the

vegetable cells which he has hitherto examined. The average diam-

eter of a yeast-cell is about goViy

of an inch, but they vary greatly

both ways from the average size.

The general form of most of

the cells of ordinary yeast is some-

what egg-shaped. The structure

is extremely simple, consisting of

a thin cell-wall, which is wholly

destitute of markings, and a more

or less granular semi-fluid proto-

plasm, sometimes containing a

portion of clearer liquid, the vacu-

ole, well shown in the larger cells

of Fig. 197.1

323. Substances which compose the Yeast-Cell. — The cell-wall is

composed mostly of cellulose; the protoplasm consists largely of

water, together with considerable portions of a proteid substance,^

1 This is not the ordinary commercial yeast.

2 It may be found troublesome to apply tests to the yeast-cell on the slide,

under the cover-glass. Testing a yeast cake is not of much value, unless it

may be assumed that compressed yeast contains little foreign matter and con-

sists mostly of yeast-cells. Still the test is worth making. Millon's reagent

does not work well, but the red or maroon color which constitutes a good test

for proteids is readily obtained by mixing a teaspoonful of granulated sugar
with enough strong sulphuric acid to barely moisten the sugar throughout,

and then, as quickly as possible, mixing a bit of yeast cake with the acid and

Fig. 197.— Yeast {Saccharomyces ellip-

soideus) budding actively.

A, a single cell ; B, group of two budding

cells ; C, a large group ; b, buds.
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some fat, and very minute portions of sulphur, phosphorus, potash,

magnesia, and lime. It is destitute of chlorophyll, as would be

inferred from its lack of green color, and contains no starch.

324. Food of the Yeast-Cell ; Fermentation.— The diluted molasses

in which the yeast was grown in Exp. XXXIX contained all the

mineral substances mentioned in Sect. 323, together with sugar,

proteid materials, and water. The addition of a little nitrate of

ammonium would probably have aided the growth of the yeast in

this experiment, by supplying more abundantly the elements out

of which the yeast constructs its proteid cell-contents. A great deal

of sugar disappears during the growth of the yeast.^ Most of the

sugar destroyed is changed into carbon dioxide (which the student

saw rising through the liquid in bubbles) and alcohol, which can

be separated from the liquid by simple means. The process

of breaking up weak syrup into carbon dioxide and alcohol by

aid of yeast is one kind of fermentation; it is of great practical

importance in bread-making and in the manufacture of alcohol.

Since grape juice, sweet cider, molasses and water, and similar

liquids, when merely exposed to the air soon begin to ferment and

are then found to contain growing yeast, it is concluded that dried

yeast-cells, in the form of dust, must be everywhere present in

ordinary air.

325. Yeast a Plant ; a Saprophjrte.— The yeast-cell is known

to be a plant, and not an animal, from the fact of its producing

a coating of cellulose around its protoplasmic contents and from

the fact that it can produce proteids out of substances from which

animals could not produce them.^

On the other hand, yeast cannot live wholly on carbon dioxide,

nitrates, water, and other mineral substances, as ordinary green

plants can. It gives off no oxygen, but only carbonic acid gas, and

is therefore to be classed with the saprophytes, like the Indian pipe,

among flowering plants (Sect. 180).

sugar. A comparative experiment may be made at the same time with some
other familiar proteid substance, e.g., wheat-germ meal.

1 The sugar contained in molasses is partly cane sugar and partly grape
sugar. Only the latter is detected by the addition of Fehling's solution.

Both kinds are destroyed during the process of fermentation.
2 For example, tartrate of ammonia.
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326. Multiplication of Yeast.— It is worth while to notice the

fact that yeast is one of the few cryptogams which have for ages

been largely cultivated for economic purposes. Very recently yeast

producing has become a definite art, and the cakes of compressed

yeast so commonly sold afford only one instance of the success

that has been attained in this process. While yeast-cells are under

favorable conditions for growth, they multiply with very great

rapidity. Little protrusions are formed at some portion of the

cell-wall, as the thumb of a mitten might be formed by a gradual

outgrowth from the main portion. Soon a partition of cellulose

is constructed, which shuts off the newly formed outgrowth, making

it into a separate cell, and this in turn may give rise to others,

while meantime the original cell may have thrown out other off-

shoots. The whole process is called reproduction ty budding. It is

often possible to trace at a glance the history of a group of cells,

the oldest and largest cell being somewhere near the middle of the

group and the youngest and smallest members being situated around

the outside. Less frequently the mode of reproduction is by means

of spores, new cells (usually four in number), formed inside one of

the older cells (ascus). At length the old cell-wall bursts, and the

spores are set free, to begin an independent existence of their own.

In examining the yeast-cell the student has been making the

acquaintance of plant life reduced almost to its lowest terms. The

very simplest plants consist, like the slime moulds, of a speck of

jelly-like protoplasm. Yeast is more complex, from the fact that its

protoplasm is surrounded by an envelope of cellulose, the cell-wall.

THE STUDY OF PHYSCIA

327. Occurrence. — Physcia is one of the commonest lichens. It

grows attached to the bark of various trees.

328. The Thallus.

—

Physcia consists chiefly of an irregularly

expanded growth somewhat leaf-like in texture. It is best to be wet

for study. Is it separable from the bark to which it is attached or

is it combined with it (incrusted) ? Describe the general outline of

the margin, the general color, and any special variations of color

above, also below, How is the thallus attached to the bark ?



TYPES OF CRYPTOGAMS; THALLOPHYTES 271

329. The Fruit.— Look for small lance-shaped disks seated upon

the thallus. Note the approximate sizes and color within and

without. These disks are called apothecia. IsTote the very minute

black specks (spermogones) which are scattered in the surface of

the thallus. Pick one from the thallus, with as little of the thallus

as possible, and examine under high power. It may be macerated

in a drop of potash solution and crushed under the cover-glass. If

the contents are not easily

defined, they may then be

made more opaque by a drop

of acetic acid or a stain. The

minute colorless bodies con-

tained in the spermogones are

Fig, 198,—A Lichen (Xanthoria).

(Natural size.)

Fig. 199.—a Lichen {Usnea).

(Natural size.)

called spermatia. Their office in Physcia is obscm^e, but in a few

lichens they are thought to unite with a trichogyiie cell, as in the red

algse.i N'ote the minute, powdery masses (soredia) on the surface

of the thallus. Macerate if necessary under the cover-glass and

examine under a high power. Compare with the structure of the

thallus as seen in cross-section. (See next paragraph.) These soredia

easily become detached and develop into new plants.

Prepare for sectioning by imbedding a small portion of the

thallus with an apothecium in a piece of pith or by any suitable

device for sectioning, and cut thin sections of thallus and fruit.

1 This, however, is doubtful. See Strasburger, Noll, Schenk, and
Schimper's Text-Book of Botany, p. 380.
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330. Examination of the Thallus. — The thallus of Physcia as seen

in cross-section will be found to consist of four layers, the upper

cortical, gonidial, medullary, and the lower cortical. The cortical

layers will be seen to serve for protection, answering the purpose of

an epidermis or bark. -The cells which compose them make what

is called a false parenchyma,— resembling parenchyma in form but

as to origin being trans

'.Of
formed fungal hyphse.

iN'ote the form of the

hyphse composing the

medullary layer. Are

there any cross-parti-

tions? Do any cells

appear circular, and if

so, what is the explana-

tion? The upper por-

tion of the cortical

layer, having green

cells intermixed, con-

stitutes the gonidial

layer. Why should the

green cells be at the

upper part of the med-

ullary layer ? Can you

detect any connection

between the green cells

and the hyphse ? Do
these green cells re-

semble any cells pre-

viously studied ?

Make a diagram to show the structure of the thallus.

What arrangement of layers would you expect to find in a lichen

thallus, upright or suspended? Compare the arrangement in the

fruit-body (apothecium'), describe, and sketch. How does the layer

of cells beneath the spore-sacs resemble the cortical layer ? All but

these two layers may be considered as part of the thallus. To make

out the details of the fruit, the section must be very thin.

Fig. 200.— Transverse Section through Thallus

of a Lichen (Stictafuliginosa). (x 500.)

c, cortical or epidermal layer
; g, gonidia ; h, hyphte.
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Examine the spore-sacs (asci) and look for spores in different stages

of formation. How many spores are found in each ascus ? What other

bodies occur among the asci? Draw these, also asci and spores.

331. Lichens.— Lichens were formerly supposed to be

a distinct class of plants, and it is only about thirty years

since their real nature began to be understood. A lichen

is now known to be a combination of two plants. The

green cells, called the gonidia^ belong to some species of

alga, and the remainder, the larger portion of the growth,

is a fungus parasitic upon that alga. The groups of

lichens correspond in structure to certain groups of fungi,

but the genera are sufQciently distinct so that lichens are

best considered by themselves for purposes of study and

classification.

The relation of the fungus and its algal host is not

that of destructive parasitism, but rather a mutual rela-

tion {symbiosis) in which both fungus and alga may have

a vigorous growth. The relationship has been investi-

gated in various ways, and it has been found that, while

the alga may grow independent of the fungus, the germi-

nating fungus spores can grow only to a limited extent if

deprived of the algal host; but if supplied naturally or

artificially with the proper alga they make a normal

growth.

The same alga may serve as gonidia to a number of

'lichens, often of very different form, and while the num-

ber of lichens reaches into the thousands, the number of

algse known to serve as gonidia is quite small.

Lichens are widely distributed in all zones but flourish

particularly in northern regions where other vegetation is

scanty. Some were formerly important as sources of
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dyes. " Iceland moss " is a lichen used for food, and a

finely branching form, growing in extensive mats on the

soil, serves as food for the reindeer and is known as

" reindeer moss."

Most lichens grow on the bark of trees, on rocks, or soil

where they have little moisture except during rainfall,

but some grow where they are constantly wet. Some of

the latter are gelatinous. Most of the conspicuous lichens

are foliaceous or else have a thallus composed of branch-

ing, cylindrical, thread-like portions. But many species,

often less conspicuous, are crustaceous, growing as if

they formed part of the bark or rock to which they are

attached.

332. Fungi. — The yeasts, moulds, rusts, mildews, and

mushrooms represent an immense group of plants of which

about forty-five thousand species are now known in the

world. They range from the very simple to quite com-

plex forms, growing as saprophytes or parasites under a

great variety of conditions. Their structure and life

history are so varied as to constitute a long series of divi-

sions and subdivisions.^ Chlorophyll is absent from fungi,

and they are destitute of starch, but produce a kind of

cellulose which appears to differ chemically from that of

other plants. Unable to build up their tissues from car-

bonic acid gas, water, and other mineral matters, they are

to be classed, with animals, as consumers rather than as

producers, acting on the whole to diminish rather than to

increase the total amount of organic material on the earth.

1 See Strasburger, Noll, Schenk, and Schimper's Text-Book of Botany,

pp. 340-381 incl., also Potter and Warming's Systematic Botany, p. 1, and
Engler's Syllabus der Pflanzenfamilien, Berlin, 1898, pp. 25-47.
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333. Occurrence and Mode of Life of Fungi. — Among
the most important cryptogamous plants are those which,

like the bacteria of consumption, of diphtheria, of typhoid

fever, or of cholera, produce disease in man or in the

lower animals. The subclass which includes these plants

is known by the name Bacteria. Bacteria are now classed

by some as a separate group, lower than fungi. Some of

the most notable characteristics of these plants are their

extreme minuteness and their extraordinary power of

multiplication. Many bacteria are on the whole highly

useful to man, as is the case with those which produce

decay in the tissues of dead plants or animals, since these

substances would, if it were not for the destructive action

of the bacteria of putrefaction and fermentation, remain

indefinitely after death to cumber the earth and lock up

proteid and other food needed by new organisms.

The mushrooms and their allies include about one-fourth

of the fungi. Some, such as the " dry-rot " fungus, mis-

takenly so called, cause great destruction to living and

dead tree trunks and timber in economic use. The com-

mon mushroom, Agaricus campestris, is the most important

edible species. Probably five hundred kinds can be eaten,

but only afew are good food, and even these contain but little

nutriment. Some species are dangerous, and a few are deadly

poisons. The puffballs are a small group allied to the mush-

rooms. Most of them are edible and of good quality.

The mildews (Microsphoera, etc.) and the "black-knot"

of the plum trees are of a group which likewise includes

about one-fourth of the fungi. A considerable number

are parasites, injurious to vegetation, while thousands of

others grow on dead leaves, twigs, etc.
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The "rust" of wheat and the "smut" of corn repre-

sent groups numbering only a few hundreds of species,

which are very important because they are all parasites

on living plants, many on our most important economic

plants.

Fig. 191, representing another small group of destruc-

tive parasites, shows clearly how a parasitic fungus grows

from a spore which has found lodgment in the tissues of

a leaf and pushes out stalks through the stomata to dis-

tribute its spores.



CHAPTER XXI

TYPES OF CRYPTOGAMS; BRYOPHYTES

mr

334. The Group Bryophytes.— Under this head are

classed the liverworts and the mosses. Both of these

classes consist of plants a good deal more highly organized

than the thallophytes.

Bryophytes have no

true roots, but they

have organs which
perform the work of

roots. Some of them

have leaves (Fig. 206),

while others have

none (Fig. 2 01).

Fibro -vascular bun-

dles are wanting. The

physiological division

of labor is carried

pretty far among all

the bryophytes. They

have special appara-

tus lor absorbing Fig. 201.— Part of Male Tlmllus of a Liverwort

water and sometimes (Marchantia dlsjuncta). (Enlarged.)

f, n ,
• • fnr, male receptacle.

lor conducting it

through the stem; stomata are often present and some-

times highly developed. There are chlorophyll bodies,

often arranged in cells extremely well situated for acting

277
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on the carbon dioxide gas which the plant absorbs, that is,

arranged about rather large air chambers.

Reproduction is of two kinds, sexual and asexual, and

the organs by which it is carried on are complicated and

highly organized. An alternation of generations occurs,

that is, the life history of any species embraces two forms

:

a sexual generation^ which produces two kinds of cells that

by their union give

rise to a new plant

;

the asexual genera-

tion^ which multiplies

freely by means of

special cells known
as spores.

Fig. 202. —Part of Female Thallus of

M. disjuncta. (Enlarged.)

fr, female receptacle ; c, cups with gemmae.

THE STUDY OF
MARCHANTIA

335. Occurrence.—
Marchantia grows on soil

or rocks in damp shaded places and is widely distributed.

336. The Thallus.—In general form the thallus bears some resem-

blance to that of some of the lichens, as Parmelia, but is plainly

different in color, mode of branching, and internal structure under

the microscope. Under the microscope (see below) the individual

cells maybe compared with those of the medullary layer in Physcia.

N'ote the color and general shape of the thallus and study care-

fully the mode of branching. The origin of the growing cells is at

the tip, but cells so originating afterward multiply more rapidly, so

that the tip comes to be in a notch.

Viewing the thallus as an opaque object, note the diamond-shaped

network on the upper surface and the dot-like circle in the middle

of each diamond.

Examine the under surface for (1) rhizoids and (2) scales.
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Fig. 203.— Section through Anther-

idial Receptacle of Alarchantia.

(Magnified.)

a, antheridium.

337. Internal Structure. — Cut thin cross-sections of the thallus

in the same way as for Physcia, making some pass through the cir-

cular dots mentioned above. Exam-
ine under a high power and note the

different kinds and layers of cells

composing the thallus. ^ote the

character of the cells forming the

upper and lower surfaces. Describe

the cells which are next above those

of the lower epidermis, their shape,

color of contents, approximate num-

ber of horizontal rows. Have they

any evident intercellular spaces ? Find

cells connecting these with the upper

epidermis and constituting the net-

work of lines seen on the surface of

the thallus. Note the air cavity

bounded by these lines and the loose cells which occupy it in part.

What is the color of their contents ? How are they attached, and

how arranged? Can you discover any

opening through the epidermis? If so,

describe it.

Make drawings to illustrate the details

of structure observed.

338. Gemmae. — Look for a thallus

bearing little green cups formed of its

own substance. Describe the contents

of the cup. The bodies are called gemmce.

They originate by vegetative growth alone

and when detached may grow into new

plants.

339. Fruiting Organs. — Look for thalli

bearing stalks with umbrella-like expan-

sions. The umbrellas are of two kinds,

one disk-like with crenate points (how

many ?) and the other has rays (how many ?) elongated and curving

downward. Is there any difference in the height of the two kinds ?

az

Fig. 204.— Sectional View of

an Antheridium of Mar-
chantia.

a, antheridium ; az, anthero-

zoids, X 700.
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Do both occur on the same thallus ? On what part of the thallus

do they occur, and do they differ in this respect ?

340. Antheridia.— The antheridia are formed as outgrowths

from the upper surface of the crenate receptacle, but by further

growth of the receptacle they become imbedded. They should be

examined under a high power and sketched m outline. The anther-

idium produces numerous motile antherozoids, each with two cilia.

341. Archegonia and Sporophytes.— The receptacle w^ith recurved

rays bears the archegonia. Note whether they oct)ur above or below

and in what relation to the rays. How are the archegonia protected?

Note the cells which surround

the central canal and form the

elongated neck of the archego-

nium. Does the archegonium

open upward or downward ? At

the base look for the germ-cell.

The antherozoids enter the

central canal and penetrating

to the egg-cell fertilize it, after

which it begins to divide and

grows into a sporophyte. In the

older specimens, therefore, the

sporophytes will be found more

or less developed. The archegonium remains upon the tip of the

sporophytes. The mature sporophyte contains the spores and also

peculiar elongated tapering threads with spiral thickenings. These

are called elaters.

Fig. 205.— Sectional View of Female
Beceptacle of Marchantla. (x 5.)

342. Hepaticae.— Marchantia represents only a small

division of the Hepaticoe^ and is not typical of the larger

number of species. In spite of this it is chosen for study,

because it is widely distributed and more available for

study than most others. In most species the fruit lasts

but a little vrhile and good material is hard to obtain. In

Marchantia the fruiting organs are abundant, more gradual

in their development, and more persistent. Marchantia and
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its allies consist chiefly of the thallus in the vegetative con-

dition, while the greater number of Hepaticse have a stem

and leaves. Thus they approach closely to the mosses.

But mosses usually have leaves on all sides of the stem,

while the leaves of Hepaticse are two-ranked, spreading

laterally, with sometimes a third row of leaves or scales

underneath. The leaves of mosses usually have more than

one layer of cells in some part, but the leaves of the leafy

Hepaticse have but one layer of cells throughout. The

forms of the leaves are often very curious and interesting.

The sporophyte of most mosses consists of a capsule with

a lid, while in the leafy Hepaticae the capsule usually

opens by splitting longitudinally into two to four valves.

Different species of Hepaticse grow on damp soil, rocks,

and the bark of trees. Many are capable of enduring

drought and reviving with moisture.

THE STUDY OF PIGEON-WHEAT MOSS

{POLYTRICHUM COMMUNE)

343. Occurrence.— This moss is widely distributed over the sur-

face of the earth, and some of its relatives are among the best

known mosses of the northern United States. Here it grows

commonly in dry pastures or on hillsides, not usually in densely

shaded situations.

344. Form, Size, and General Characters.— Study several speci-

mens which have been pulled up with root-hairs. Note the size,

general form, color, and texture of all the parts of the plants exam-

ined. Some of them probably bear spore-capsules or sporophytes like

those shown in Fig. 206, while others are without them. Sketch one

plant of each kind, about natm-al size.

What difference is noticeable between the appearance of the

leaves in those plants which have spore-capsules and those which

have none ? Why is this ?
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In some specimens the stem may be found, at a height of an inch ]

or more above the roots, to bear a conical, basket-shaped enlargement, ,

EiG. 206. —A Moss, Catharinea.

The sporophytes of this moss are usually rather more slender than

here represented.
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out of the center of which a younger portion of the stem seems to

proceed ; and this younger portion may in turn end in a similar

enlargement, from which a still younger part proceeds.

IsTote the difference in general appearance between the leaves of

those plants which have just been removed from the moist collecting-

box and those which have been lying for half an hour on the table.

Study the leaves in both cases with the magnifying glass in order to

find out what has happened to them. Of what use to the plant is

this change ? Put some of the partially dried leaves in water, in a

prim

Fig. 207.— Protonema of a Moss.

prim, primary shoot ; li, a young root-liair
;
pi, young moss-plant

;

hr, branches of primary shoot.

cell on a microscope slide, cover, place under the lowest power of

the microscope, and examine at intervals of ten or fifteen minutes.

Finally sketch a single leaf.

345. Minute Structure of the Leaf and Stem. — The cellular

structure of the pigeon-wheat moss is not nearly as simple and con-

venient for microscopical study as is* that of the smaller mosses, many
of which have leaves composed, over a large part of their surfaces,

of but a single layer of cells, as shown in Fig. 209. If any detailed

study of the structure of a moss is to be made, it will, therefore, be

better for the student to provide himself with specimens of almost



284 FOUNDATIONS OF BOTANY

any of the smaller genera, ^ and

work out what he can in regard

to their minute anatomy.

Fig. 208. —The Antheridium

of a Moss (Funaria) and its

Contents.

a, antheridium ; b, escaping

antherozoids, x 350 ; c, a sin-

gle antherozoid of another

moss, X 800.

Fig. 209.— Portions of Fertile Plant

of a Moss (Funaria).

A, longitudinal section of summit Of

plant, xlOO; a, archegonia; I,

leaves ; £, an archegonium, x 550
;

e, enlarged ventral portion with

central cell ; n, neck ; m, mouth.

346. Sporophytes.— That part of the reproductive apparatus of

a common moss which is most apparent at a glance is the sporophyte

or spore-capsule (Fig. 206). This is covered, until it reaches maturity,

with a hood which is easily detached. Remove the hood from one

1 As Mnium or Bryum.



TYPES OF CRYPTOGAMS; BRYOPHYTES 285

of the capsules, examine with a magnifying glass, and sketch it.

Note the character of the material of which its outer layer is

composed.

Sketch the uncovered capsule as seen through the magnifying

glass, noting the little knob at its base and the circular lid.

Pry off this lid, remove some of the mass of spores from the

interior of the capsule, observe their color as seen in bulk through

the magnifying glass, then mount in water, examine with the high-

est obtainable power of the microscope, and sketch them. These

spores, if sown on moist earth, will each develop into a slender,

branched organism, consisting, like pond-scum, of single rows of

cells (Fig. 207) called the protonema.

347. Other Reproductive Apparatus.— The student cannot, with-

out spending a good deal of time and making himself expert in the

examination of mosses, trace out for himself the whole story of the

reproduction of any moss. It is sufficient here to give an outline of

the process. The protonema develops buds, one of which is shown

in Fig. 207, and the bud grows into an ordinary moss plant. This

plant, in the case of the pigeon-wheat moss, bears organs of a some-

what flower-like nature, which contain either antheridia (Fig. 208),

organs which produce fertilizing cells called antherozoids, or arclie-

gonia (Fig. 209), organs which produce egg-cells, but in this moss

antheridia and archegonia are not produced in the same " moss-

flower." The plants therefore correspond to dioecious ones among

flowering plants.

After the fertilization of the egg-cell, by the penetration of

antherozoids to the bottom of the flask-shaped archegonium, the

development of the egg-cell into sporopliyte begins ; the latter rises

as a slender stalk, while the upper part of the archegonium is

carried with it and persists for a time as the hood or calyptra.



CHAPTER XXII

TYPES OF CRYPTOGAMS; PTERIDOPHYTES

348. The Group Pteridophytes.— Under this head are

classed the ferns, the scouring-rushes, and the club-mosses.

They are the most highly organized of cryptogams, having

true roots, and often well-developed stems and leaves.

THE STUDY OF A FEE^i

349. Conditions of Growth.— If the specimens studied were col-

lected by the class, the collectors should report exactly in regard to

the soil and exposure in which the plants were found growing. Do
any ferns occur in surroundings decidedly different from these?

What kind of treatment do ferns need in house culture?

350. The Underground Portion.— Dig up the entire underground

portion of a plant of ladyfern. Note the color, size, shape, and

appendages of the rootstock. If any are at hand which were col-

lected in their late winter or early spring condition, examine into

the way in which the leafy parts of the coming season originate

from the rootstock, and note their peculiar shape (Fig. 210, A).

This kind of vernation (Sect. 136) is decidedly characteristic of ferns.

Observe the number and distribution of the roots along the rootstock.

Bring out all these points in a sketch.

1 The outline here given applies exactly only to Asplenium filix-foemina.

Any species of Asplenium or of Aspidium is just as well adapted for study.

Cystopteris is excellent, but the indusium is hard to find. Polypodiufn vul-

gare is a simple and generally accessible form, but has no indusium. Pteris

aquilina is of world-wide distribution, but differs in habit from most of our

ferns. The teacher who wishes to go into detail in regard to the gross anat-

omy or the histology of ferns as exemplified in P^ens will find a careful study

of it in Huxley and Martin's Biology, or a fully illustrated account in Sedg-

wick and Wilson's Biology.

286
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351. The Frond.— Fern leaves are technically known as fronds.

Observe how these arise directly from the rootstock.

Make a somewhat reduced drawing of the entire frond, which

consists of a slender axis, the rhacMs, along which are distributed

many leaflets or pinnce, each composed of many pinnules. Draw the

under side of one of the pinnae, from near the middle of the frond,

enlarged to two or three times its natural size, as seen through the

magnifying glass. 'Note just how each pinnule is attached to its

secondary rhachis.

Examine the under side of one of the pinnules (viewed as an

opaque object without cover-glass) with the lowest power of the

microscope, and note

:

(a) The "fruit-dots" or sori (Fig. 210, B) (already seen with the

magnifying glass, but now much more clearly shown).

(&) The membranous covering or indusium of each sorus (Fig.

210, C). Observe how this is attached to the veins of the pinnule.

In such ferns as the common brake (Pteris) and the maidenhair

(Adiantum) there is no separate indusium, but the sporangia are

covered by the incurved edges of the fronds.

(c) The coiled spore-cases or sporangia, lying partly covered by

the indusium. How do these sporangia discharge their spores ?

Make a drawing, or several drawings, to bring out all these points.

Examine some of the sporangia, dry, with a power of about fifty

or seventy-five diameters, and sketch. Scrape off a few sporangia,

thus disengaging some spores, mount the latter in water, examine

with a power of about 200 diameters, and draw.

352. Life History of the Fern.— When a fern-spore is sown on

damp earth it gradually develops into a minute, flattish object,

called a prothallium (Fig. 211). It is a rather tedious process to

grow prothallia from spores, and the easiest way to get them for

study is to look for them on the earth or on the damp outer sm'face

of the flower-pots in which ferns are growing in a greenhouse. All

stages of germination may readily be found in such localities.

Any prothallia thus obtained for study may be freed from par-

ticles of earth by being washed, while held in very small forceps, in

a gentle stream of water from a wash-bottle. The student should

then mount the prothallium, bottom up, in water in a shallow cell,
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Fig. 210. — Spore-Plant of a Fern {Aspidium FUix-mas).

^part of rootstock and fronds, not quite one-sixtli natural size
; fr, young fronds

unrolling
;
B, under side of a pinnule, showing sori, s ; C, section througli a

sorus at right angles to surface of leaf, showing indusium, i, and sporangia, s ;

D, a sporangium discharging spores. {B is not far from natural size. C and
D are considerably magnified.)
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cover v/ith a large cover-glass, and examine with the lowest power

of the microscope. Note :

(a) The abundant root-hairs, springing from the lower surface

of the prothallium.

(&) The variable thickness of the prothallium, near the edge,

consisting of only one layer of cells.

(c) (In some mature specimens) the young fern growing from

the prothallium, as shown in Fig. 211, 5.

The student can hardly make out for himself, without much

expenditure of time, the structure of the antheridia and the arcTie-

gonia (Fig. 211, A),

by the cooperation

of which fertilization

takes place on much
the same plan as that

already described in

the case of mosses.

The fertilized egg-

cell of the archego-

nium gives rise to

the young fern, the

sporophyte which

grows at first at the

expense of the parent

prothallium but soon

develops roots of its

own and leads an in-

dependent existence.

353. Nutrition.—

The mature fern

makes its living, as flowering plants do, by absorption of nutritive

matter from .the soil and from the air, and its abundant chlorophyll

makes it easy for the plant to decompose the supplies of carbon

dioxide which it takes in through its stomata.

Fig. 211.— Two Prothallia of a Fern (Aspidium).

A, under surface of a young prothallium ; ar, arche-

gonia ; an, antheridia ; r, rhizoids ; B, an older pro-

thallium with a young fern-plant growing from it

;

I, leaf of young fern, (Both x about 8.)
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FERN'S

354. Structure, Form, and Habits of Ferns.— The struc-

ture of ferns is much more complex than that of any of

the groups of cryptogamous plants discussed in the earlier

portions of the present chapter. They are possessed of

well-defined fibro-vascular bundles, they form a variety of

parenchymatous cells, the leaves have a distinct epidermis

and are provided with stomata.

Great differences in size, form, and habit of growth are

found among the various genera of ferns. The tree ferns

of South America and of many of the islands of the Pacific

Ocean sometimes rise to a height of forty feet, while the

most minute species of temperate and colder climates are not

as large as the largest mosses. Some species climb freely,

but most kinds are non-climbing plants of moderate size,

with well-developed rootstocks, which are often, as in the

case of the bracken-fern, or brake,^ and in Osmunda, very

large in proportion to the parts of the plant visible above

ground.

355. Economic Value of Ferns.— Ferns of living species

have little economic value, but are of great interest, even

to non-botanical people, from the beauty of their foliage.

During that vast portion of early time known to geolo-

gists as the Carboniferous Age, the earth's surface in many

parts must have been clothed with a growth of ferns more

dense than is now anywhere found. These ferns, with

other flowerless herbs and tree-like plants, produced the

vegetable matter out of which all the principal coal beds

of the earth have been formed.

1 Pteris aquilina.
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356. Reproduction in Ferns.—The reproduction of ferns

is a more interesting illustration of alternation of gen-

erations than is afforded by mosses. The sexual plant,

gametophyte^ is the minute prothallium, and the non-

sexual plant, sporophyte^ which we commonly call the

fern, is merely an outgrowth from the fertilized egg-cell,

and physiologically no more important than the sporophyte

of a moss, except that it supplies its own food instead of

living parasitically. Like this sporophyte, the fern is an

organism for the production of vegetative spores, from

which new plants endowed with reproductive apparatus

may grow.

THE STUDY OF A CLUB-MOSS (LYCOPODIUM)

357. Occurrence.— Several species of Lycopodium are common in

rich woods in the northern and mountainous portions of the eastern

United States. Any species may be studied.

358. Examination.— Note whether the plant is chiefly erect or

prostrate and vine-like. Describe the mode of branching. Are the

leaves arranged flat-wise or equally on all sides of the stem ? Describe

the leaves briefly. Are they all of one kind or do some portions of

the plant evidently have smaller leaves ?

Select fruiting specimens and determine the position of the spo-

rangia. Is the leaf, near whose base each sporangium is situated, like

the ordinary foliage leaves of the plant ? Are the fruiting portions

of the plant similar in general aspect or different from the rest of

the plant and raised above it on stalks? Examine the spores. Are
they all of one kind ?

If Selaginella is used in place of Lycopodium or for comparison,

two kinds of sporangia are to be sought, differing chiefly in shape.

Describe each briefly. Compare the number of spores in each. The
larger spores (macrospores) germinate and at length produce pro-

thallia bearing archegonia, while the smaller produce prothallia

bearing antheridia. The archegonia, after fertilization, develop each
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an embryo. This grows, remaining for a time attached to the

macrospore, and at length forms a new spore-plant.*

THE STUDY OF A SCOURING-RUSH (EQUISETUM)

359. Occurrence.— The common horse-tail, Equisetum arvense, is

widely distributed in the United States, east, west, north, and south.

It is very often found on sand hills and along railroad embankments.

Fig. 212. — Plant of Lycopodium {L. annotinum).

The fruiting stems appear very early in the spring and are of short

duration. The sterile vegetative growth follows, becoming well

grown in June.

360. Examination of Rootstocks and Roots.— Examine the under-

ground portions of the plant with reference to general size, position,

color, shape, and position of notches. After studying the stems
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above ground insert here any evident points of comparison. Do you

find any special forms of stem development suited to a special pur-

pose ? Are there any organs in the nature of leaves ?

Fig. 213.—A Scouring-Rush {Equisetum sylvaticwn). At the right is a
colorless fertile stem, in the middle a green sterile one, and at the

left a green fertile one.
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361. sterile Stems.— Examine the stems above ground with

reference to their color and mode and degree of branching. What
is the character of the leaves ? Do the stems in any sense serve as

leaves? Observe the nodes composing the stem and note the posi-

tion of the leaves on the stems. Do they appear to be placed several

at the same level (whorled) ?

Examine with a magnifying glass the surface of the stem and

note the number of ridges and grooves. Compare the number and

position of the leaves with reference to these.

362. Mineral Matter in Stem.— Treat small pieces of the stem

with strong nitric acid to remove all vegetable substance and note

the mineral substance remaining. Treat in a similar way thin cross-

sections and examine under the microscope. The substance is

silica. It gives the plant its gritty feeling and its name and use as

" scouring-rush." Of what use is it to the plant? Use of the same

substance in outer rind of corn stem, bamboo stem, and straw of

grains ?

363. Microscopic Examination.— Make thin cross-sections of the

stem and examine under the lowest power of the microscope. Make

a diagrammatic sketch to indicate the central cavity, the number

and position of the fibro-vascular bundles, the cavity or canal in

each, the ring of tissue surrounding the ring of bundles, and the

larger cavities or canals outside of this. Where is the chlorophyll

located? Can stomata be found, and if so, what is their location

and arrangement ?

364. Fertile Stems.— Describe the fruiting stem with reference to

general aspect, size, color, number, and length of internodes, position

of spore-bearing portion, color of spores in mass, l^ote the shield-

shaped bodies (transformed leaves or sporophylls) composing the

cone-like "flower" and see whether any joints can be detected where

they are attached. Examine the inner surface of the shields for

sporangia and spores. Examine the sporangia under a low power

of the microscope. Examine some spores under a higher power.

Note the two bands, elaters, on each spore, crossing each other and

attached only at the point of crossing, forming four loose appendages.

Watch these while some one moistens them by gently breathing

upon them as they lie uncovered on the slide under the microscope



TYPES OF CRYPTOGAMS; PTERIDOPHYTES 295

and note the effect. Also note the effect of drying. How does this

affect the spores ? Use of the bands ?

365. Germination of Spores.— The spores germinate while fresh

and form prothallia corresponding to those of ferns, but generally

dioecious. The prothallium which bears the antheridia remains

comparatively small, and the antheridia are somewhat sunken. The

others grow much larger and branch profusely.

The terminal portion becomes erect and ruffled.

Near this part the archegonia are formed, quite

similar to those of ferns. The embryo plant

developing from the germ-cell has its first leaves

in a whorl. This at length grows into a spore-

plant like that shown in Fig. 213.

About twenty-five species of Equisetum are

known. Several may be looked for in any

locality and may well be compared with the one

described above, in regard to form, mode of

branching, and mode of fruiting.

366. Fern-Plants (Pteridophytes). —
The Pteridophytes (literally fern-plants)

include in their general category not only

ferns as commonly recognized, but several

other small groups which are very inter-

esting on account of their diversity. All

cryptogams higher than mosses belong in

this group. In moss plants the individ-

uals growing from spores and bearing

antheridia and archegonia, the gameto-

phytes, are full-grown leafy plants, and

the spore-bearing plant, or sporophyte, is

merely a stalk bearing a sporangium. In

all the fern-plants the reverse is true.

The individuals growing from spores and

bearing antheridia and archegonia are of

t
Fig. 214.— Part of a

Lobe of the Matvu'e

Female Prothal-

lium of Equisetum.
(X about 50.)

a, mouth of a ferti-

lized archegonium.



296 FOUNDATIONS OF BOTANY

minor vegetative development {prothallia)^ while the spore-

bearing plant is a leafy plant, even a tree in some ferns.

The ferns in the strictest sense have sporangia derived

from the epidermis (transformed hairs), while a few plants

closely resembling them in general aspect {Botrychium^ etc.)

have sporangia formed in the tissue of the leaf.

In the next subdivision, the water-ferns (Fig. 215), there

is little resemblance to the common ferns. The sporangia

are in special receptacles at the basal portion of the plant.

The spores are of two kinds, dioecious^ one on germination,

producing antheridia, the other archegonia. This group

includes two rooting forms, Marsilea (with leaves resem-

bling a four-leaved clover) and Pilularia^ bearing simple

linear leaves, and two floating forms, Salvinia (Fig. 215)

and Azolla,

The remaining groups of fern-plants are the horse-tails

and the club-mosses. The horse-tails have only one kind

of spore and are peculiar chiefly in their vegetative aspect

(Fig. 213), while the spore-bearing leaves, or sporophylls,

are arranged in the form of a cone, as already shown.

The club-mosses include some plants which, as their

name implies, have a superficial resemblance to a large

moss, with the addition of a club-shaped stalked fruiting

spike. These are the so-called " ground pines " and the

running ground " evergreens " used for Christmas festoons

in New England. Technically the group is distinguished

by the possession of firm-walled sporangia formed singly

near the bases of the leaves. The ordinary club-mosses

already referred to have but one kind of spore, while

plants called Selaginella and Isoetes have two kinds of

spores, in this respect resembling Marsilea. In many
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species of Selaginella the leaves are arranged flat-wise on

the stem, so that considered physiologically the branch-

ing stem and its leaves together serve as a foliage leaf.

In one of the commonest American forms, however, the

stem is more nearly erect, and the leaves are all alike and

four-ranked.

Isoetes (quill-wort) grows attached to the soil in shallow

water at the bottoms of ponds. It has the aspect of short

grass growing in bunches. The large sporangia are at the

broad bases of the leaves.

367. High Organization of Pteridophytes.— The student

may have noticed that in the scouring-rush and the club-

moss studied there are groups of leaves greatly modified

for the purpose of bearing the sporangia. These groups

are more nearly equivalent to flowers than anything found

in the lower spore-plants, and the fern-plants which show

such structures deserve to be ranked just below seed-plants

in any natural system of classification.

The variety of tissues which occur in pteridophytes is

frequently nearly as great as is found in ordinary seed-

plants, and the fibro-vascular system is even better devel-

oped in many ferns than in some seed-plants.

Starch-making is carried on by aid of abundant chloro-

phyll bodies contained in parenchyma-cells to which car-

bonic acid gas is admitted by stomata. In many cases

large amounts of reserve food are stored in extensive root-

stocks, so that the spring growth of leaves and stems is

extremely rapid.



CHAPTER XXIII

THE EVOLUTIONARY HISTORY OF PLANTS

368. The Earliest Plant Life. —What sort of plants first

appeared on the earth has never been positively ascertained.

The oldest known rocks contain carbon (in the form of

black lead or graphite) which may represent the remnants

of plants charred at so high a temperature and under so

great pressure as to destroy all traces of plant structure.

Some objects supposed by many to be the remains of large

algse have been found in rocks that date back to a very

early period in the life history of the earth, before there

were any backboned animals, unless possibly some fishes.

Judging from the way in which the various groups of

plants have made their appearance from the time when

we can begin clearly to trace their introduction upon the

earth, it is probable that some of the simplest and lowest

forms of thallophytes were the first to appear. Decaying

animal or vegetable matter must have been less abundant

than is now the case, so that a plant that could make

part or all of its food from raw materials would have had

a better chance than a saprophyte that could not. Water-

plants are usually simpler than land-plants, so it is highly

probable that some kind of one-celled aquatic alga was

the first plant.

369. Fossil Plants. — Fossils are the remains or traces

of animals or plants preserved in the earth by natural

processes. Fossil plants, or parts of plants, are very

298
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common ; the impressions of fern-leaves in bituminous coal

and pieces of wood turned into a flint-like substance are

two of the best known examples.

The only way in which we can get knowledge about

the animals and plants that inhabited the earth's surface

before men did is by studying such rocks as contain the

remains of living things. In this way a great deal of

information has been gained about early forms of animal

life and a less amount about early plant life,— less because

as a general thing plants have no parts that would be

as likely to be preserved in the rocks as are the bones

and teeth of the higher animals and the shells of many
lower ones.

370. The Law of Biogenesis.— An extremely important

principle established by the study of the development of

animals and plants from the egg or the seed, respectively,

to maturity is this : The development of every individual is

a brief repetition of the development of its tribe. The prin-

ciple just stated is known as the law of biogenesis. As
eggs develop during the process of incubation, the young

animals within for a considerable time remain much alike,

and it is only at a comparatively late stage that the wing

of the bird shows any decided difterence from the fore-leg

of the alligator or the turtle. Zoologists in general are

agreed that this likeness in the early stages of the life

history of such different animals proves beyond reasonable

doubt that they all have a common origin, that is, are

descended from the same kind of ancestral animal.

Among plants the liverworts and ferns supply an excel-

lent illustration of the same piinciple. In both of the groups

the fertilized egg-cells, as the student may have learned



300 FOUNDATIONS OE BOTANY

by his own observations, are much alike. As the egg-cell

grows and develops, the sporophyte of a liverwort, which

proceeds from the egg-cell, is extraordinarily unlike the

" fern" or asexual generation (gametophyte) among Filices.

Now this progressive unlikeness between liverworts and

ferns, as they develop from the fertilized egg-cell, points to

the conclusion that both groups of plants have a common

origin or that the more highly organized ferns are direct

descendants of the less highly organized liverworts.

371. Plants form an Ascending Series. — All modern

systems of classification group plants in such a way as to

show a succession of steps, often irregular and broken,

seldom leading straight upward, from very simple forms

to highly complex ones. The humblest thallophytes are

merely single cells, usually of microscopic size. Class

after class shows an increase in complexity of structure

and of function until the most perfectly organized plants

are met with among the dicotyledonous angiosperms.

During the latter half of the present century it first

became evident to botanists that among plants deep-seated

resemblances imply actual relationship^ the plants which

resemble each other most are most closely aJdn by descent,

and (if it ivere not for the fact that countless forms of plant

life have wholly disappeared) the whole vegetable kingdom

might have the relationships of its members worked out by a

sufficiently careful study of the life histories of individual

plants and the likeness and differences of the several groups

which make up the system of classification.^

1 See Campbell's Evolution of Plants and Warming's Systematic Botamj,

Preface and throughout the work. In the little flora of the present book, the

families are arranged in the order which, according to the best recent German

authorities, most nearly represents their relationships.
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372. Development of the Plant from the Spore in Green

Algae, Liverworts, and Mosses.— The course which the

forms of plant life have followed in their successive ap-

pearance on the earth may be traced by the application

of the law above named. Such algse as the pond-scums

produce spores which give rise directly to plants like the

parent.

In many liverworts the spore by its germination produces

a thallus which at length bears antheridia and archegonia.

The fertilized archegonium develops into a sporophyte

which remains attached to the thallus, although it is really

a new organism. Liverworts, then, show an alternation of

generations, one a sexual thallus, the gametophyte, the

next a much smaller, non-sexual sporophyte, and so on.

A moss-spore in germination produces a thread-like pro-

tonema which appears very similar to green algee of the

pond-scum sort. This at length develops into a plant with

stem and leaves, the sexual generation of the moss. The

fertilized archegonium matures into a sporophyte which is

the alternate, non-sexual generation. This is attached to

the moss-plant, or gametophyte, but is an important new
organism. In the moss, as in the liverwort, the sexual

generation is the larger and the more complex ; the non-

sexual generation being smaller and wholly dependent for

its food supply on the other generation, to which it is

attached.

373. Development of the Plant from the Spore in Pterido-

phytes.— In the pteridophytes there is an alternation of

generations, but here the proportions are reversed, the

prothallium, or sexual generation, or gametophyte, being

short-lived and small (sometimes microscopic), and the
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non-sexual generation, the sporophyte, often being of large

size. The ferns (non-sexual generation), for instance, are

perennial plants, some of them tree-

like.

Some pteridophytes, as the Salvinia,

a small floating aquatic plant, some-

times known as a water-fern (Fig.

215), produce two kinds of spores,

the large ones known as macrospores^

and the small ones known as micro-

spores (Fig. 216). Both kinds pro-

duce microscopic prothallia, those of

the former bearing only archegonia,

those of the latter only antheridia.

From the prothallia of the macro-

spores a plant (non-sexual generation)

of considerable complexity of struc-

ture is formed.

374. Parts of the Flower which correspond to Spores.—
In seed-plants the spore-formation of cryptogams is repre-

sented, though in a way not

at all evident without careful

explanation. The pistil is the

macrospore-producing leaf or mac-

rosporophyll, and the stamen is

the microspore-producing leaf or

microsporophyll. Pines and other

gymnosperms produce a large cell

(the embryo sac) in the ovule

(Fig. 217), which corresponds to the macrospore, and a

pollen grain which represents the microspore. In its

Fig. 215.—a Water-Fern

(Salvinia).

Fig. 21 6.—Two Indusiaof Salvinia.

mi, microspores ; ma, macro-

spores.
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development the macrospore produces an endosperm which

is really a small cellular prothallium, concealed in the ovule.

The microspore contains vestiges of a minute prothallium.

In the angiosperms the macrospore and its prothallium

are still less developed, and the

microspore, or pollen grain, has

lost all traces of a prothallium

and is merely an antheridium

which contains two generative

cells.^ These are most easily

seen in the pollen grain, but

sometimes they are plainly visi-

ble in the pollen tube (Fig. 164).

Phanerogams are distinguished

from all other plants by their

power of producing seeds, or

enclosed macrosporangia, with

embryos.

375. The Law of Biogenesis

and the Relationships of the Great

Groups of Plants.—On summing

up Sects. 372-374 it is evident

that the sexual generation in

general occupies a less and less

important share in the life of the

plant as one goes higher in the scale of plant life.^ In the

case of the rockweed, for instance, the sexual generation

is the plant. Among mosses and liverworts the sexual

1 Sometimes only one generative cell escapes from the pollen grain into the

pollen tube, and there it divides into two cells.

2 A good many plants of low organization, however, are not known to pass
through any sexual stage.

Fig. 217.— Longitudinal Section

through Fertilized Ovule of a

Spruce.

p, pollen grains ; t, pollen tubes
;

«, neck of the archegonium
;

a, body of archegonium with

nucleus ; e, embryo sac filled

with endosperm.
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generation is still very prominent in the life of the plant.

Ordinary ferns show us the sexual generation existing only

as a tiny independent organism, living on food materials

which it derives from the earth and air. In the Salvinia

it is reduced to microscopic size and is wholly dependent

on the parent-plant for support. Among seed-plants the

sexual generation is so short-lived, so microscopic, and so

largely enclosed by the tissues of the flower that it is com-

paratively hard to demonstrate that it exists.

The fact that the life history of so many of the classes

of plants embraces a sexual stage, in which an egg-cell is

fertilized by some sort of specialized cell produced wholly

for use in fertilization, tends strongly to show the com-

mon origin of the plants of all such classes. We have

reason to believe, from the evidence afforded by fossils,

that plants which have only a sexual generation are

among the oldest on the earth. It is therefore likely that

those which spend the least portion of their entire life in

the sexual condition were among the latest of plants to

appear. Then, too, those which have the least developed

sexual generation are among the latest of plants. Judged

by these tests the angiosperms must be the most recently

developed of all plants.

If one were to attempt to arrange all the classes of

existing plants in a sort of branching series to show the

way in which the higher plants have actually descended

from the lower, he would probably put some one of the

green algge at the bottom and the angiosperms at the top

of the series.

376. The Oldest Angiosperms. — It is impossible to give

any of the reasons for the statements of this section
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without making an unduly long chapter. Briefly, it may
be stated that the monocotyledons are the simplest and

probably the oldest angiosperms; the dicotyledons are

higher in organization and came later. The descent and

various relationships of the families of dicotyledons can

be discovered by the study of the flower, fruit, and seed

better than by the examination of the vegetative organs.

The entire pedigree of the several families cannot be

represented by arranging the names of the families in a

straight line. It is, however, in a general way, as indi-

cated by the succession of families in the Flora which

accompanies this book, the Willow Family being perhaps

the oldest (of the more familiar ones) and the Composite

Family the youngest.
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Colocasia, *77.
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Daily movements of leaves, *144,

*145, *146.

Dandelion, *72.

Darwin, Charles, 353.

Date-palms, *85.

Datura, stigma of, *213.

Deciduous, 175.

Defenses against animals, 345-352.*

Definite annual growth, 69.

Dehiscent fruits, 222, *223.

Deliquescent trunk, 66, *67.

Dentate, 132.

Descent of water, 109, *110.

Desert, Sahara, *325.

Desmids, *243.

Destruction of plants, 391, 392.

Determinate inflorescence, 191.

Deutzia leaves, *142, *143.

Diadelphous, 202.

Diagrams, floral, 204, *205, *296.

Diatoms, study of, *240, 241.

Dichogamy, *363, *364.

Dicotyledonous plants, 34, 233.

Dicotyledonous stem, annual, gross

structure of, 86, *87.

Dicotyledonous stem, cross-section

of, *87, *89, *91, *96, *100.

Dicotyledonous stem, mechanical

importance of distribution of

material in, 89, 90.
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Dicotyledonous stem, minute struc-

ture of, 86-98*.

Dicotyledonous stem, rise of water

in, 107, 108, *109.

Dimorphous flowers, *366, 367.

Dioecious, 200.

Discharge of pollen, *211.

Disk-flowers, 188, *189.

Dispersal of seeds, 376-386*.

Dispersal of seed-plants, 373-376.

Distinct, 201.

Distribution of material in mono-

cotyledonous stems, *84, 85.

Dock fruit, study of, 219, 220.

Dodder, 39, *40, 41.

Dormant buds, 127, 128.

Double flowers, 209.

Drip-leaves, *314.

Drosera, *341, *342, 843.

Drought, endurance of, 162, 163.

Drought-plants, 313-317*.

Dry fruits, 224.

Duckweed, 314.

Duct, *92.

Earliest plants, 298.

Ecology, 2, 307.

Egg, osmosis in, 50, *51.

Egg-cell, *249, *251, 280, *284, 285.

Elaters, 294.

, Elliptical, *131.

Elm, *67.

Elm bud, *125.

Elm fruit, *223.

Elm leaf, 130, 133.

Elm, twig of, *125.
.

Emarginate, *131.

Embryo, 6, 17.

Embryo sac, *215.

Endosperm, *15, *16, 17, 19.

Energy, source of, in plants, 173.

Enslaved plants, 338, *339.

Epidermis, uses of, 156, *157.

Epidermis of root, *42, *44.

Epigynous, 204, *205.

Epipetalous, 204, *205.

Epiphytes, 322, *323.

Equisetales, 232.

Equisetum, study of, 292-295*.

Essential organs, *197.

Euphorbia splendens, *350.

Evergreen, 175.

Evolutionary history of plants,

298-305.

Excretion of water, 172, 173.

Excurrent trunk, *66.

Existence, struggle for, 387-393.

Exogenous, 96,

Explosive fruits, 377.

Fall of horse-chestnut leaf, *137.

Fall of the leaf, 175, 176.

Family, 230.

Family, subdivisions of, 231.

Fascicled roots, *41.

Fermentation, 269.

Fern, study of, 286-289*.

Fern-plants, 295-297.

Ferns, 290, 291.

Fertilization, *214, *215, 216.

Fibrous roots, *41.

Fibro-vascular bundles, *83.

Ficus elastica, leaf of, *154.

Ficus religiosa, drip-leaf of, *314.

Fig, transpiration in, 160, *161,

162.

Filament, 201, 202, *203.

Filicales, 232.

Fir wood, *93.

Fission, *242.

Fission-plants, 232.

Fittest, survival of, 394, 395.
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Elax, cross-section of stem of, *91.

Fleshy fruits, 224.

Fleshy fruits, uses of, 383-385.

Fleshy roots, 45, 46, *47.

Floating seeds, 381.

Floral diagrams, 204, *205, *206.

Floral envelopes, 198.

Floral organs, movements of, 365,

366.

Floridese, 255.

Flower, nature of, 208-211*.

Flower, organs of, *197.

Flower, plan of, 197-206*.

Flower-buds, position of, 186.

Flowerless plants, 232, 233, 235-

297.

Flowers, bird-pollinated, 362.

Flowers, colors of, 357, 358.

Flowers, ecology of, 353-372*.

Flowers, odors of, 357.

Flytrap, Venus, *343, 344.

Follicle, *223.

Food in embryo, 14.

Food, storage of, in root, 46, *47.

Food, storage of, in stem, 113-117.

Food, storage outside of embryo,

15.

Formative tissue, 95.

Fossil plants, 298, 299.

Fossils, 298.

Four-o'clock seed, 15.

Foxglove, pinnate leaf of, *133.

Free, 204.

Free central placentation, *205.

Frond, 287, *288.

Frost, action of, 394.

Fruit, 221-227*.

Fruit, definition of, 221.

Fruit-dots, *288.

Fruits, study of, 217-220.

Fruits, uses of, 376-386*.

Fucus, 250-252*.

Funaria, *284.

Fungi, 232, 274-276.

Gametophyte, 291.

Gamopetalous, 200.

Gamosepalous, 200.

Gemmse, 279.

Generations, alternation of, 278.

Generative cells, in pollen tube,

*214.

Genus, 229.

Geography, botanical, 324-335.

Geography, botanical, of the United

States, 333-335.

Geotropism, *57, *58, 59, 68.

Germination, 5-13.

Germination, chemical changes

during, 11-13.

Germination, conditions of, 8-11.

Gills, *264, 265.

Gonidia, 273.

Gourd-fruit, 224.

Grafting, 98, *99.

Grain, 222.

Grape sugar, test for, 116, 117.

Gray, Asa, 71.

Green layer of bark, 86, *91.

Groups, 231.

Growing point, *42.

Growth, measurement of, in stem,

32.

Growth, secondary, *96, *97, *100:

Guard-cells, *151, *153, *154, 158,

159.

Gymnosperms, 233.

Haematococcus, *244.

Hairs, 158.

Hairs, stinging, 349, 350, *351.

Halberd-shaped, *132.
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Half-parasites, 336,

Halophytes, 311, *319, 320, *326.

Hard bast, *87, *91, *92.

Haustoria, 39.

Head, *188.

Heart-shaped, *132.

Heartwood, 105.

Heliotropism, 148.

Hemlock, lateral extension of

roots, *60.

Hepaticse, 232, 280, 281.

Hepaticse, study of, 278-280*.

Herbs, 70.

Hesperidium, *225.

High mallow, provisions for cross-

pollination of, *364.

Hilum, 6.

Honey-bee, leg of, *356.

Honey-gland, *357.

Honey locust, spine, *69.

Hop, twining of, *75.

Hormogonia, *238.

Horse-chestnut bud, study of, 119,

120.

Horse-chestnut, germination, 8.

Horse-chestnut twig, 62-64.

Host, 39.

Hot springs, plants in, 393.

Hyacinth, bulb of, *79.

Hybrid, 229.

Hybridization, 229.

Hydrangea, transpiration in, 159-

161*

Hydrogen, 168.

Hydrophytes, 311, *312, *313,

*314.

Hymenium, *265.

Hyphse, 257, *258.

Hypocotyl, 6, 25-27.

Hypocotyl, cross-section of, 95.

Hypogynous, 204, *205.

Iceland moss, 274,

Imperfect flowers, 199. !

Indefinite annual growth, 69. ']

Indehiscent fruits, 221, *222. 1

Indeterminate inflorescence, 186.
j

Indian corn, germination of, 8.

Indian corn, kernel of, 16.

Indian corn, root-tip, *42, 43.

Indian corn, structure of stem,

*83, 84.

Indian pipe, 169.

India-rubber plant, leaf of, *154.

India-rubber plant, transpiration

of, 160-162.

Indusium, 287, *288.

Liflorescence, 186-191*.

Inflorescence, determinate, 191.

Inflorescence, diagrams of, *190.

Inflorescence, indeterminate, 186.

Insectivorous plants, 340-344*.

Insect pollination, 355-369*.

Insect pollination, study of, 367-

369.

Insects, pollen-carrying apparatus

of, 355, *356.

Insects, sense of smell of, 357.

Insects, vision of, 358.

Insect-traps, leaves as, *342, *343.

Insect visits, 358-362* *365.

Insertion of floral organs, *205.

Intercellular spaces, *95.

Internode, 32, 83.

Involucre, 188, *189.

Ipomoea Jalapa, 46.

Ipomoea, rate of increase of, 390-,

391.

Iris, rootstock of, *77.

Irish moss, 253.

Irritability in plants, nature and

occurrence of, 182-184.

Ivy, aerial roots of, *39.
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Keel, *199.

Kidney-shaped, *131.

Knots, *102.

Labiate, *203.

Ladyfern, 286.

Lanceolate, *131.

Lateral buds, 63, 12L

Leaf, 130-139*

Leaf, accumulation of mineral

matter in, 165.

Leaf-arrangement, *140,*141, *142,

*143.

Leaf-bases, *132.

Leaf-buds, 122, 123.

Leaf, fall of, 175, 176.

Leaf-like stems, 78, 79, *81.

Leaf-margins, *132.

Leaf-mosaics, 142, *143.

Leaf-outlines, *131.

Leaf-sections, *151, *154.

Leaf-spine, *348.

Leaf-stalk, 130.

Leaf-tendril, *138.

Leaf-tips, *131.

Leaf-traces, 155.

Leaves as insect-traps, *342, *343.

Leaves, compound, *137, *138, 139.

Leaves cutting, 350, *351.

Leaves, divided, 143.

Leaves, functions of, 155-174.

Leaves, movements of, *144, *145,

*146.

Leaves, simple, 137.

Leaves, structure of, 150-158*

Legume, 223.

Lemon, study of, 217, 218.

Lenticels, 104.

Leucoium, pollen tube with gener-

ative cells, *214.

Lianas, *73.

Lichen, 232.

Lichenes, 232.

Lichens, nature of, 273, 274.

Lichens, study of, 270-273*.

Light, exposure to, 140-149*.

Light, movements towards, 148,

149.

Lignin, 171, 172.

Lily leaf, 150.

Lily, pollen grains producing tubes

on stigma, *214.

Limb of calyx or corolla, 200.

Lime, 165.

Linden, fruit cluster of, *377.

Linden fruit, *377.

Linden wood, structure of, *100.

Linear, *131.

Liverworts, 277-281*

Living parts of the stem, 104, 105.

Lobe, 201.

Locules, 203.

Locust, pinnately compound leaf

of, *138.

Locust, thorn-stipules of, 350.

Luffa, 86.

Lupine, white, 8.

Lycopodiales, 232.

Lycopodium, study of, 291, *292.

Macrospores, 291, *302.

Macrosporophyll, 302.

Magnolia, forking of, *70, *71. •

Mahogany wood, structure of, *101.

Maldive nut, 381.

Mallows, pollination in, 364.

Malt, 13.

Maltose, 116.

Mangrove, *319. ^

Maple fruit, *223.

Maple leaf, 134.

Marchantia, study of, 278-281*.
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Marestail, air-passages of, *173.

Mechanics of monocotyledonous

stems, *84, 85.

Medullary ray, 45, *101.

Melon, palmately netted-veined

leaf of, *133.

Melon-cactus, 78, *80.

Messmates, 340.

Mesophytes, 317, 318.

Mesquite, root-system of, 48.

Metabolism, 165-176.

Metabolism, digestive, 172.

Micropyle, 6.

Microsphaera, study of, 263, 264.

Microspores, *302.

Microsporophyll, 302.

Midrib, *133.

Mildews, powdery, 263, *264.

Mimicry, 347, 348.

Mineral matter accumulated in the

leaf, 165.

Mistletoe, 337.

Modified leaves, 121.

Moisture-plants, 311-313.

Monadelphous, 202, *204.

Monocotyledonous plants, 34, 233.

Monocotyledonous stems, *83, *84,

*85, 86.

Monocotyledonous stems, growth

of, in thickness, 85, 86.

Monocotyledonous stems, rise of

water in, *110.

Monocotyledons, 233.

Monoecious, 200.

Monotropa, 169.

Morning-glory, rate of increase of,

390, 391.

Morphology, 1, 33.

Moss, study of, 281-285.

Mosses, 281-285*

Moths, *361, 362.

Mould, black, study of, 257, 258,

259.

Movement of water in plants, 107,

*108, *109, *110, 111, 112, 113.

Movements of floral organs, *365,

*366.

Movements of leaves, *144, *145,

*146.

Movements toward light, 148.

Mucronate, *131.

Mulberry, *226.

Mullein, hairs from corolla of,

*361.

Multiple fruits, *226.

Multiple primary roots, 14.

Musci, 232.

Mushroom, study of, 264-266*.

Mutilated seedUngs, growth of, 14.

Mycelium, 257, *258.

Mykorhiza, 342.

Myrsiphyllum, 79, *81.

Myxogasteres, 232.

Myxothallophytes, 232, 233.

Naked buds, 121.

Nasturtium leaves, starch in, *170.

Natural selection, 394, 395.

Nectar, 356.

Nee car-glands, 356.

Nectar-guides, 358.

Nectaries, 357.

Negundo, radial and cross-sections

of stem of, *89.

Nemalion, study of, 253, 254, *255.

Netted-veined, *133.

Nettle, stinging hair of, *184.

Nightshade, leaf of, *349.

Nitella, study of, 247-250.

Nitrogen, 171, 340.

Nocturnal position, *144, *145.

Node, 31, 32, 83.
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Nucleus, 178.

Nucleus of root-hair, *49.

Nut, *222, 223.

Nutrient substances, 168, 169, 171.

Nutrition of plants, 165-176.

Oak leaves, arrangement of, *140.

Oat, root-system of, 48.

Obovate, *131.

Obtuse, *131.

Odors of flowers, 357.

Offensive-smelling plants, 352.

Oil, 21, 22.

Oil, essential, 24.

Oil, extraction, 22.

Oil, testing seeds for, 21, 22.

Onion, bulb of, 77.

Onion leaf, section of, *79.

Onion, structure of, 116.

Onion, tests for food-materials in,

116, 117.

Oogonia, *251.

Oosphere, *249, *251, 280, *284,

285.

Oospore, 247, 249.

Opposite, *65, *140, *141, *142.

Orbicular, *131.

Orchid, aerial roots of an, *37.

Order, 230.

Organs, essential, *197.

Organs, vegetative, 30.

Oscillatoria, study of, 239, 240.

Osmosis, 50-54.

Osmosis in an egg, 50, *51.

Osmosis in root-hairs, 53, 54.

Ovary, 201, 202, *203, *205.

Ovate, *131.

Ovoid, egg-shaped.

Ovule, 202, *203.

Ovule, spruce, fertilized, *303.

Ovule, structure of, *215.

Oxalis leaf, development of, *127.

Oxidation, 11, 12.

Oxygen, 11, 12, 166, 167, 168.

Oxygen-making, 167, 168.

Palisade-cells, *151.

Palmate, *133.

Pampas region, 393.

Panicle, *189, 190.

Panicum, *381.

Pansy, leaf-like stipules of, *135.

Papilionaceous corolla, *199.

Papillae on stigma of a lily, *214.

Paraphyses, 251, *252.

Parasites, 39, 336-338.

Parasitic roots, 39, *40.

Parenchyma, 94.

Parietal placenta, 203, *205.

Parsnip root, study of, 45, 46.

Pea seed, 8.

Pea seedling, mutilated, 14.

Pea seedling on clinostat, 58.

Peat bogs, 327.

Peat moss, *327.

Pedicel, *186, 187.

Peduncle, *186, 187.

Peg of squash seedling, 27.

Pepo, 224.

Perennial, 47, 71.

Perfect, 198.

Perianth, *197.

Pericarp, 224.

Perigynous, 204, *205.

Perithecia, 263.

Permanganate test, 28.

Petal, 197.

Petiole, 130, 134.

Phseophycese, 232.

Phanerogams, 231, 233.

Phanerogams, classes of, 233.

Phosphorus, 165.
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Phycomycetes, 232.

Physcia, 270-273.

Physiology, vegetable, 1.

Pigeon-wheat moss, study of, 281-

285.

Pileus, *264, 265.

Pine, seedling, *33.

Pine wood, *94.

Pinnae, leaflets of a pinnately com-

pound leaf, 138.

Pinnate, *133.

Pinnules, *288.

Pistil, *197, 201, 202, *203.

Pistil, parts of, *203.

Pitcher-plant, *340.

Pith, *83, *87, *88, *89.

Placenta, 203, *205.

Plankton, 333.

Plant colonies, 310.

Plant formations, 310.

Plant physiology, definition of, 1.

Plant societies, 307-323, *312,*322.

Plants of uneatable texture, 348.

Plants, classes of, in relation to

economy of water, 311.

Plants, destruction of, by animals,

345.

Plants, earliest appearance of, 298.

Plants, mimicry by, 347, 348.

Plasmolysis, 62, 53.

Pleurococcus, study of, 244, 245.

Plumule, 7.

Pod, 219, 223.

Poisonous plants, 352.

Poisonous seeds, 24.

Poisons, plants containing, 352.

Pollarded trees, 128.

Pollen, 201, 211, *212.

Pollen-carrying apparatus, 355,

366.

Pollen, discharge of, *211.

Pollen grains, *212.

Pollen grains, number of, per

ovule, 216.

Pollen, protection of, from visitors,

360-362.

Pollen, protection of, from rain,

*371, 372.

Pollen tubes, 212, 213, *214.

Pollination, 353-355.

Polypetalous, 201.

Polysepalous, 201.

Polysiphonia, 255.

Polytrichum, 281-285.

Pome, 224.

Pond-scum, study of, 241-244*.

Potash in hay, 165.

Potato tuber, 76, *78, 114-116.

Prickle, *349.

Prickly leaves, *349.

Prickly pear, *315.

Primary root, 36.

Primrose, pollination in flowers of,

*366, 367.

Procambium, *96.

Prosenchyma, 94, 95,

Propagation, by root, 61.

Propagation, means of, among
cryptogams, 373.

Propagation of plants, 373-386*.

Protection of plants from animals,

345-352.

Protection of pollen from rain,

*371, 372.

Proteids, 22, 23.

Proteids, tests for, 23.

Prothallium, 287, *289.

Protococcus, *244.

Protonema, 283.

Protoplasm, 52, 178.

Protoplasm, characteristics of, 181,

182.



408 FOUNDATIONS OF BOTANY

Protoplasm, circulation of, *184,

185.

Protoplasm, continuity of, 146.

Pteridophytes, 232.

Pteridophytes, remarks on, 286,

295-297.

Puccinia, study of, 259-262*.

Pulvini, 145, *146.

Race, 230.

Raceme, *186.

Raspberry, *374.

Ray, medullary, 45.

Ray-flowers, 188, *189.

Receptacle, 199.

Red clover, leaf of, *144.

Regions of vegetation, 324.

Regular flowers, 198.

" Reindeer moss," 274.

Reproduction in algse, 256.

Reproduction in ferns, 287, *288,

*289, 291.

Reproduction in flowering plants,

212-215*.

Reproduction in fungi, *258, *259,

*260, *261, *262, *265, *266,

*268, *270.

Reproduction in morning-glory,

390, 391.

Reproduction in mosses, *284, 285.

Resin passage, *93.

Respiration, 172, 173.

Retuse, *131.

Rhachis, 287, *288.

Rhizoids, hairs serving as roots in

mosses and liverworts, *282,

*289.

Rhizopus, study of, 257, 258, 259.

Rhodophycese, 232.

Rhubarb roots, *47.

Ring, annual, *100, *101.

Ringent, *203.

Rise of water in stems, 108-113.

Rockweed, study of, 250-252*.

Root, 36-61.

Root, adaptation to work, 59, 60.

Root-cap, *42.

Root-climbers, *39, 73.

Root, dicotyledonous, section, *44.

Root, elongation of, 30, 31.

Root, exogenous, *44.

Root, fleshy, 45, 46, *47.

Root-hair, 31, *32, *49, 50.

Root-pressure, 54, *55.

Root-section, *42, *44.

Root-sheath or root-pocket, 37.

Root-system, 47, 48.

Roots, absorbing surface of, 49,

50.

Roots, absorption and temperature,

55, 56.

Roots, adventitious, 36.

Roots, aerial, 36, *37, *38, *39.

Roots, brace-, *38.

Roots, fascicled, *41.

Roots, fibrous, *41.

Roots, growth of, 30, 31.

Roots, hemlock, lateral extension

of, *60.

Roots, movements of young, 56,

*57, *58, 59.

Roots, parasitic, 39, *40.

Roots, primary, 36.

Roots, propagation by, 61.

Roots, selective action of, 54.

Roots, soil-, 36.

Roots, storage of nourishment in,

46, *47.

Roots, structure of, 41-46.

Roots, water, 37.

Rootstock, 75, *76, *77.

Rotation of protoplasm, *184, 185.
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Eound-leafed mallow, stamens and

pistils of, 364.

Eussian thistle, *379.

Russian thistle, spread of, 394.

Rust, 259.

Rust, wheat, study of, 259-262*.

Rye grass, 76.

Sage, pollination in flowers of,

*365, *366.

Sago-palm, 113.

Salver-shaped, *202.

Salvinia, *302.

Sap, descent of, *109, 110.

Sap, rise of, 107, 108, *109.

Saprophytes, 169, 269.

Sapwood, 105.

Scalloped, *132.

Schizomycetes, 232.

Schizophycese, 232, *238.

Scirpus, cross-section of stem of,

*84.

Sclerenchyma, 84.

Scouring-rush, study of, 292-295*.

Seasonal plants, 311.

Secondary growth, *96, *97, *100.

Secondary root, 36.

Secondary roots, direction of, 59.

Sections, leaf, *151, *154.

Sections, root, *42, *44.

Sections, wood, *100, *101, *102.

Sedge, rootstock of, *76.

Seed, 5-24.

Seed-leaf, *6, 7.

Seedlings, 25-35.

Seedlings, mutilated growth of, 14.

Seed-plants, 231, 233.

Seed-plants, classes of, 233.

Seeds, containing poisons, 24.

Seeds, dispersal of, 377-386*.

Selection, natural, 395.

Selective absorption, 53, 54.

Self-pollination, 353.
j

Sepal, 197.

Separated flowers, 199, 200, *201.

Sequoia, *66, 71, *106.

Series, plants form a, 300.

Serrate, *132. '

Sexual generation, 278.

Shade plants, *321.

Shoot, 30.

Shrubs, 69, 70.

Sieve-cells, *93, 110.

Sieve-plate, *93,

Sieve-tubes, *93.

Silica, 165, 241, 294.
j

Simple leaves, 137.

Simple pistil, 202.

Simple umbel of cherry, *187.
|

Sinuate, *132. J

Sleep of leaves, *144, *145.
|

Slime-fungi, 232.
;

Slime moulds, 178, *179, 180, 181, "i

*236, 237.
j

"Smilax," 79, *81.

Snowflake, pollen tube of, with

generative cells, *214.

Solomon's seal, parallel-veined leaf
j

of, *136. :

Soredia, 271.
!

Sori, 261, 287, *288.
|

Spatulate, *131. !

Species, 229.
;

Spermagones, 271.
j

Spermatia, 271.

Spike, 188.

Spine, *347, *348, *350.

Spiral vessel, *92. '

Spirogyra, study of, 241, 242, *243,

244.

Sporangium, 287, *288.
j

Spore, 235, *236.
j
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Spore-capsules, 281.

Spore-cases, *258, *259.

Spore-fruits, *254.

Spore-plants, 231, 232.

Spore-plants, classes of, 232.

Spore-sacs, 263, 270, 273.

Spores of slime moulds, 180.

Sporophyll, 294.

Sporophyte, 281, *282, 284, 285,

289, 291.

Spruce, fertilized ovule of, *303.

Squash seed, 5, 6.

Squash seed, section, *6.

Squash seedling, 25-27.

Stamen, *197, 201, 202, *203.

Stamen, parts of, *203.

Standard, *199.

Starch, 17-20, *19.

Starch disappears during germi-

nation, 21.

Starch in leaves, 169, *170.

Starch-making, rate of, 170, 171.

Starch, testing seed for, 18.

Stem, 30-117.

Stem, definition of, 62.

Stem, dicotyledonous, annual,

gross structure of, 86, *87.

Stem, dicotyledonous, minute

structure of, 86-98*.

Stem, early history of, *95, 96.

Stem, functions of cells of, 105,

106, 107.

Stem, modifiability of, 79-82*.

Stem, monocotyledonous, *83, *84,

*85, 86.

Stem, structure of, 83-103*.

Stemless plants, *72, 73.

Stems, 62-118.

Stems, climbing, 74, *75.

Stems, storage of food in, 113-115.

Stems, twining, *75.

Stem-structure, early history of,

*95, 96.

Sterigmata, *266.

Sterilization, 238.

Stigma, 201, *203.

Stigma, structure of, 213-215*

Stinging hair, *184.

Stipa, cross-section of rolled and

unrolled leaves of, *318.

Stipe, *264, 265.

Stipules, *135, 136.

Stolon, with tips rooting, *374.

Stomata, 104,*151, *152,*153,*154.

Stomata, operation of, 158, 159.

Stone-fruit, 224.

Storage of food in the root, 46, *47.

Storage of food in the stem, 113-

117.

Strawberry, *226.

Struggle for existence, 387-394.

Study of buttercup flower, 195, 196.

Study of lemon, 217, 218.

Study of tomato, 217.

Study of trillium flower, 192, 193.

Study of tulip flower, 194, 195.

Style, 201, *203.

Sugar, 13, 116, 117, 168, 171, 172.

Sugar, formed during germination,

13.

Sugar-cane, cross-section of a bun-

dle from, *110.

Sundew, *341, *342, 343.

Sun-plants, *321.

Supernumerary buds, 122, *123,

*124.

Survival of the fittest, 394, 395.

Swarmspores, 180.

Sweet pea, flowers, *199.

Symbiont, 340.

Symbiosis, 273, 340.

Symmetrical, 198.
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Taper-pointed, *131.

Taproot, *41.

Teleutospores, *262.

.

Temperature and root-absorption,

55, 56.

Temperature, relation to germina-

tion, 9.

Tendril, *138.

Tesndril climbers, *74.

Terminal bud, 63, 121, 122, *124,

*125.

Terminal flowers, 186, *191.

Tertiary root, 36.

Testa, 6.

Tetraspores, *255.

Thallophytes, 232, 235-275.

Thallophytes, study of, 237-273*.

Thallus, 235, 250.

Thermostat, 9.

Thistle, Eussian, *379, 394.

Thorns as branches, 68, *69.

Thyme, stoma of, *153.

Tickle-grass, *381.

" Timber line," *329, *330.

Tissue, 94, 95.

Tomato, study of, 217.

Tracheids, 92, 93, *94.

Transition from stamens to petals,

*209.

Transpiration, 156,

Transpiration, amount of, 164, 165.

Transpiration, measurement of,

159, *160, 161.

Transportation by water, 380, 381.

Trees, 69.

Trees, age of, 71.

Trillium, study of flower of, 192,

193.

Trimorphous flowers, 367.

Tropseolum leaf , *132.

Tropseolum leaves, starch in, *170.

Tropseolum, petiole, coiling of,* 75.
\

Tropical vegetation, 324, 325.

Tropophytes, 311, 318, 319.

Truncate, *131.

Trunk, *e6, *67.

Tuber, 76, *78.
j

Tubercles on clover roots, *339. ^

Tubular corolla, *203.

Tulip, study of flower of, 194, 195.
\

Tumble-weeds, 378, *379, *380.
\

Turgescence, 184.

Turnip, seedling, *32,

Twayi3lade, beetle on flower of,
!

*359. \

Twigs, study of, 62-64.
|

Twiners, 74, *75.
I

Twining, rate of, 74, 75. i

Types, order of appearance of,
|

298-305.
i

Umbel, *187. i

Umbellet, 190.
j

Underground stems, 75, *76, *77,
j

*78, *79. i

Uneatable plants, 348.
;

Union of pistils, 202, 203.
\

Union of stamens, 201, 202. i

Uredospores, 261, *262.
'

Usnia, *271. '

I

Vacuole, contractile, 180.
:

Variety, 229, 230.
i

Vaucheria, study of, 245, *246, I

247.

Vegetable physiology, 1.

Vegetation, alpine, 328, *329, *330,

*331.

Vegetation, aquatic, 332, 333.

Vegetation, arctic, 327, *328.

Vegetation, regions of, 324.
;

Vegetation, temperate, 325, 326.
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Vegetation, tropical, 324, 325.

Vegetative organs, 30.

Vein, 130, *133, *136.

Veining, *133, *136.

Venation, *133, 134, 135, *136.

Venas flytrap, *343, 344.

Vernation, 125, *126, 127.

Vertically placed leaves, 146, *147,

148.

Vessel, *92, 106.

Volva, *265.

Water, absorption by roots, 53-55.

Water, amount transpired, 159-

165.

Water, course through leaf, 163,

164.

Water, excretion of, 172, 173.

Water, movement of, 107, *108,

*109, *110, 111, 112, 113.

Water, relation to germination, 10.

Water-lily, white, insertion of

floral organs, *205.

Water-lily, white, transitions from

petals to stamens in, *209.

Water roots, 37.

Weapons of plants, 349-351*.

Wedge-shaped, *131.

Weeds, 387-390.

Weeds, study of, 388, 389.

Wheat-grain, section of, *19.

Wheat rust, study of, 259-262*

Wheel-shaped, *202.

Whorled, *293, 294.

Willow, adventitious buds of, 128.

Willow, arctic, *328.

Willow, flowers of, *201.

Wilting, 111.

Wind-pollination, 354.

Windsor bean sprouting over mer-

cury, 56, *57.

Winged fruits, 377, *378.

Wings, *199.

Wood, coniferous, structure of, 92,

*93, *94.

Wood of linden, *100.

Wood sections, *100, *101, *102.

Wood, structure of, *93, *100,

*101.

Wood-cell, *89, *91, *101.

Wood-parenchyma, 94.

Xanthoria, *271.

Xerophytes, 311, 313-317*

Yarrow, head of, *189.

Yeast, study of, 266-270, *268.

Yucca, 335.

Zones, vegetation of, 324-328.

Zoospores, 236, *244.

Zygospores, 236, *243, *259.
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