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PREFACE

Although there are many useful text-books of
Botany, yet I bave found during several years’
experience in teaching the subject, that it is difficult
to obtain one suitable, at moderate cost, for the
middle and®ower forms in secondary schools.

I have endeavoured to put the subject-matter of
the book in as simple a form as possible.

The book is divided into four parts:

Part I de®ling with the sced, germination, and the
general morphology of the plant;

Part IT with simple structure,;

Part ITT with the physiology of the plant, taken
experimentally;

Part IV with classification, and a brief description
of some of the more important vnatural orders.

In Parts I and II, dealing with simple morphology
and structure, paragraphs intended for a second year’s
course are indicated by an asterisk, and for a third
)Lfear’s course Wy two asterisks.

Many’ -of the diagrams are taken (with the per-

" mission of the publishers) from Professor Oliver’s
Elementary Botany and Systematic Botany, from
Kerner’s Nogural History of Plants, and from other

m
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sources; others have been drawn from nature. Some
of those on structure are diagrams of observations
with the microscope. ’

In writing this book, I havé obtained help from
many sources. Some of the chief works consulted”
are: A Student’s Text-book of Botany, by Vines; The
Elements of Botany, by Darwin; Physiology of Plantsy
by Darwin and Acton; Structural Botany. by Scott;
Handbook of the British Flora, by Bentham and
Hooker.
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ELEMENTARY BOTANY

PART 1
GENERAL MORPHOLOGY

CHAPTER 1
“SEED AND GERMINATION
" Examine a bean ‘seed (fig. 1), after soaking it in

water for about twenty-four hours.

“Place from which first seed-leaf
las been removed

.Ridge )
- “)\.-Plumule
Radicle~”

“~.Micropyle

“.8car or Hilum

Fig. 1.—8eed of Scarlet Runuer, Fig. 2 —Seed of ScarJet Runner.
external view one cotyledon removed

Tt will be found to consist of:—

(1) An outer brown covering called the testa; on
one side is a scar, called the hilum, where the seed
was attached to a stalk, and just beside it a small

hole, the mipropyle.
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The testa encloses:—
V(2) the embryo or young plant. The embryo m
this case consists of :—

(@) two thick fleshy leaves called cotyledons
which contain nourishment for the young
seedling; ",

(b) & young radicle, which forms the first rooty -

(c) the plumule or first bud.

“@ermination.—Allow bean seeds to germinate in
damp soil or on cotton-wool (fig. 8). The radicle
bursts the testa, grows
downwards giving off root
g "l hranches from its sides;
the plumule grows up-
wards from between the
cotyledons, and forms the
first stem bearing foliage
leaves. The cotyledons
remain below the soil,
_feeding  the growing ;
plantlet on the food which
they contain, and“hnally
Radicle  they shrivel up.

V* Maize or Indian Cora,
—A grain of Indian corn

is not merely a seed, but -
what is termed g fruit,
the outer covering or skin -
being the testa and the
wall of the fruit combined. On examining a grain .
(fig. 4), a whitish portion is observed near the base, .~

Fig. 8.—Germinating Bean



SEED AND GERMINATION 9

on one side; this denotes the position of the embryo,
the remainder of the seed being oceupied by a store
of fodd-material called endosperm. On cutting a
grain through the mitldle, so as to cut through the

-up
Fig. 4.—Young Plants. 1, 2, 3, Showing the growth; 4, The plant
cut through downwards

P, Plumule; R, radiclesea, adventitious roots; ¢, cotyledon ; RS, root-
. sheath: 8, upper part of cotyledon; E. endosperm

embryo, and examining with a lens, the embryo is
seen to consist bf:—
(a) a radicle at the lower end:
(b) plumule at the upper end, surrounded by—
ic) one eotyledon, which in this case is called the
- scutellum.
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* Germination of Maize.—In germination the con-
tente of the seed swell, the radicle bursts through
the base of the cotyledon and the outer covering
of the seed, and grows downwurds (fig. 4,1). Other
roots are also produced from the base.of the plumule, -
breaking through the base of the scutellum; these
are called adventitious roots (fig. 4,2 3 4)' The-
plumule curves upwards, consisting of leaves which
sheathe the stem. The lower part of the cotyledon
remains inside the seed, absorbing the endosperm,
and passing it on to the growing radicle and plumule,
but the upper part elongates slightly gnd sheathes
the base of the plumule. The bottom of the
cotyledon, ruptured by the radicle, is called the
root sheath. n "~

V' Mustard or Cress.—The seed (figs. #-9) consists
ofi—
- (1) an outer covering, the tésta., enclosing—
(2) the embryo. The embryo consists of:—

(@) the radicle,
(b) the plumaule,

(¢) two cotyledons, but in this case the coty-
ledons are not thick and fleshy, and.in
germination the cotyledons are carried
above the ground, covered by the testa.
They throw off the testa, expand, turn
green, and act as the first’ foliage leaves,
preparing food for the young plant. The
plumule appears as a small bud in be-
tween the two cotyledons. « '



o
Fig. 5. A Dry Fig. 6.—A Moistene:
*Beed of Cress, Seed of Cress surrounded
showing the ridge by its swollen, muci-
corresponding  to laginous seed-coat
the radiclg within

Fig. 7.—A Cress Seed-
ling, showing the radicle,
root-hairs, and the seed-
leaves, not yet freed from
the seed-coat (testa = T)

Fig. 9. —A Cress Seedling showing the Fig. 8.—A Cress Seedlng
plumule (P), and with the seed-leaves (C) ex- hefore the lobes of the seea-
‘panded and ready fo work. R = radicle leaves are quite expanded

- ™ 11 '
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"‘*/ﬁutteronp.—This seed (fig. 10) differs from the

mustard in that it contains, in
addition to the embryo, a cettain
amount of food-material or en-

In

~E
Fig. 10. - Buttercup Fruit

they
£, Embryo; En, endosperm;
T, testa and pericarp

dosperm. o

germination, «the coty-

ledons remain in the seed until
the food-material is absorbed;

then come above the

ground, turn green, and act as

foliage leaves.
{* Comparison of the Bean and the Maizew

BeaN
1. A seed.
2. Outer skin is the testa.

3. Two cotyledons, seed
therefore dicotyledonous.

4. Food -material stored up
in ths cotyledons, seed there-
fore exalbuminous.

5. Radicle develops into pri-
‘mary  root,
sranches.

6. Cotyledons remain below
she ground.

7. Plumule becames first stem
bearing leaves.

bearing  root-

Maize

1. Asfruit containing theseed.

2. Outer covering is the wall
of the fruit and the testa com-
bined. -

3. One cotyledon, seed there-
fore monocotyledonous.

4. Food-material stored up
outside the cotyledon, seed -
therefore albuminous, :

5. Radicle does not dewelop®
strongly ; its place is taken by
root-branches and adveptitious
roots.

6. Cotyledon remains in the
seed.

7. Plumule consists of stem
and sheathing leaves.

** Comparison of Mustard and Buttercpp.

MUSTARD
V1. Seed dicotyledonons and
- exdlbuntinous.
2. Cotyledons come above
the ground.
L]

BUTTERCUP*»
1. Seed dmotyledonous and
albuminous.
2. Cotyledons absorb the en-
dosperm and them come tbova
the ground. .

oL
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, Oonuitions necessary for germination.

L. Warmth.—If seeds are kept below & certain
tempeérature they will not germinate.

2. Air—Seeds refuire oxygen for germination,

" therefore they*must have a supply of air.
8. Moisttire—Seeds will not germinate if kept
- dry.

Light is not necessary for germination, as seeds
germinate more quickly if kept in the dark, but
after germination, for the healthy growth of the
plant, light is required.

CHAPTER II
THE ROOT

«/The root is developed from the radicle of the
seed, and always grows downwards.

The uses of the root are:—

1. To fix the plant firmly in the ground.

2. To send out an acid to dissolve certain salts in
thé soil”

3. 'To absorb food-material for the plant.

4. Some roots store up food.

The ends of the main reot and its branches are
provided with numerous delicate hairs, through
which fhe plant sends out an acit- to disselve
various salts, and then they are absorbed in solution
in water.

In tmnsplantmg, these root-hairs are frequently
injured, and, consequently the plant droops, but
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fresh ones are formed, and in a few days the plant "*

revwes.\

VThe tip of the root is called the growing ‘point, .
and as it has to force ite way through the particles

4
Fig. 11.—Fibrons Roots. 1 Buttercup; 2, Wheat

of soil, it i8 protected by a root-olp. When the
radicle develops into a main root the plant is said’
to have a tap-root, but when the radicle remains:
small, and the secondary roots grow to & grpster
length, the root is said to be fbropa f‘ﬂ‘g u;i
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Fig. 12.—Tap-roots
A, Carrot (conioal); B, Turnip ( 3 0, Radish ( + D, Dahlis
. ({rregularly swollen)

Fibrous roots therefore consist of numerous slender
. branches galled Hibres.
ap-roots are generally very much swollen as
tbey frequently contamn a store of food-material.
. They #iay be
- {a) Coni,eal,féa in the gprrot (fig. 12, )
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(b) Napiform, as in the turnip (fig. 12, B).
(¢) Fusiform, as in the beetroot, or rs,dlsh (fig

12, ¢).
(d) Irregularly swollen, # in the D&hha and
Orchid (fig. 12, D). .

Plants which have tap-roots genemlly hye for
more than one yeary

. Plants which live for one year are called annunle
—for instance, Mignonette, which grows from seed.
flowers, produces fresh seed during the same season,
and then dies.

Biennials, on the other hand, sprigg from seed,
produce leaves the first year, and store up food in
the root or underground stem. The second year
they produce flowers and seeds. Carrots, turnips,
and parsnips are examples of biennigls. Perennials
are plants which live for more than one year,
Perennials may flower continuglly.

* Some plants, such as Dodder'and Mistletoe, pro-
duce sucking roots, which penetrate the tfssues of
other plants to obtain their nourishment. Thase
ala,nts are called parasitesy

Ivy develops adventitious roots on the etem by
Eeans of which it clings to the wall.

In cuttings, adventitious roots are produced from’
the cut surface. /
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CHAPTER 1II
BUDS

'The plumulds the first bud of the plant. If the
plumule is examined carefully, it w1ll be seen ta
consist bf:—

Y 1. A central portion, the
stm.
. Young leaves inserted

\9/‘ In the hud the leaves
are crowded together near
the end of the stem, but in
growth they are carried
+apart by the growth of the
stem in leng®h )

The place on the stem
from, which the leaves
spring is called a node, and
the space between two
nodes is called an inter- ,
node. = * Fig. 18.—Branch of Elm, and

The bud formed at the . ‘:’“"’“::B“dm
end of & stem is called a & SrovinEpoints L, eaves;
terminal bud, but buds are o s - ontar skl s
formed also in the angle between the leaf and the
stem, that is it the axil of the leaf, and they m
then called axillary buds./

\# Branches therefore should soring from the axil
of every leaf, but this is not the case. - Many buds

remain dormant, and the atronger ones devdup but
© (nem
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if the expanding buds are killed, as sometimes **
happens by late frosts, the dormant buds re-
place them.. .
*Winter Buds.—Most of our«orest trees form buds
(fig. 18) during the summer, which gemain dormant-
through the wiater, to ex-
pand the following® spring
into branches bearing leaves.
Horse-chestnut Ruds.—If a
Horse-chestnut  oranch (fig.
14) be examined in the early
spring, it will be.seen to con-
sist of a stem, with a bud at
the apex, and one, two, or
more pairs of buds at inter-
vals on the stem. The bud
at the apex is“the terminal
bud, and that the others are
axillary is seen from the
horse-shoe-shaped scars just
below them. These scars are
left by the leaves, in the
axils of which the bids were
o formedV
Brun, showine 3, 1oepe tor. Bud Btructure.—In cutting
miual bud; 4, small axilry through the terminal bud

bud; rm, ring-like marki
leltbyrluleleagver o lenticer, (Hig- 15); in the cenbre -i8

. seen:— .
(1) the short stem or axis, terminated by— )
(2) the flowers, surrounded by— - -

(8) two or sometimes only one pair of green
foliage leaves, covered with downy hairs, and—
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(4) numerous green, and cn the outside hrown

leaves, v

Thesscale leaves are covered with resin to protect
the bud from the raire and frost during the winter.
.On the approagh of spring, the scale leaves fall off

and leave ,ring-like markings.
From ohe set of mm-kings to the
next indicates one year's growth.

The bud expands, the inter
nodes lengthen, and the leaves are
carried apart, and a branch is
formed. All buds do not contain
flowers. v

If all the buds on a tree de-
veloped, a branch would be formed
in the axil of every leaf. The
position of ®Me leaves, therefore,
determines the position of the
branches, for if the leaves are
opposite the branches will be op-
posite, if the leaves are alternate
the branches will be alternate; but
many duds remain vndeveloped.
** The buds of the Beech, Ash,

Fig. 15. —Bection of
Horge-Chestnut Bud

In., Inflorescence; i,
foliags leaves; 8, scale
leaves.

and Pla.ne-trees ”

should be examined and compared with the Horse-
chestnut bud. In the Plane-tree the bud is pro-
tected and completely covered by the hollowed-out

hase of the petible,

/

i
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CHAPTER IV
STEMS,

The stem bearing leaves makes its appearance:
first as a bud.

“The uses of the stem are:—

_ (1) To bear the leaves and flower-stalks, and to
hold them in a favourable position.

(2) To act as a passage through which the food
materials travel.

- (3) Some stems store up food

/Comparison of Roots and Stems.

Roors StEMS
1. Roots grow downwards. 1. Generally grow upwards,
2. Avoid tho light. 2. Generally scek the light-.
3. Never bear buds. 3. Bear buds.
4. Roots are not, but— 4, Stems are, dwxded mw

nodos and internodes.”
5. The apex of the root is 5. The apex of the dtem is
protected by a root-cap. protected by a bud.
6. Root-branches arisc differ- N
ently from stem branches.

ﬁndergmund Btems.)-Some stems grow under-
ground, but these may be distingtished from roets
by the fact that they bear buds and leaves. . -
The different types of underground stems are:—,
(@) Bulbs, (b) corms, (c) tubers, and~(d) root:
k.

gﬁ) Bulbs (fig. 16).—The bulb of the D.m
nsists

0.———
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(1) A few brown scaly
leaves on the out-
side,surrounding—

(2) Numerous white

- fleshy lqaves, and
in the centre—

(8) 2 bud, and at the
base—

(4) A short flattened
glem from which .
the leaves and Fig. 16.—Rection of Bulb of
flowers spring. L Folingulli::v‘j:'mln Intlores.

The blld evelops into cen:se: 8, fleshy se;le i:anvel; B,

’:Ille folia,se“leaves . and :.:rown scale leaves; 8t, stem;

Toots.

ﬁ\o;ve .
(l{:lorms.—'l'he corm of a crocus (fig. 17 A and
13) consists of®™—

Fig. 178.—Lougitudinal
Bection of Corm of Crocus

L, Leaves; F, flower; Bh.

Tig. 17.—~Corm of Crocus sheathing leaves; 8t., stem

s - 8, brown scale leaves; RB, roota

4.01d sorm; B, Bud on 0, New (Btem 2wﬂl\mo-uoﬁ,w
o oorm. orm.) bl
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(1) A fleshy stem, surrounded by—

(2) A few brown scale leaves, and av the top
of the stem—

{8) A bud borne in the axil of scale lea,vos.
The bud consists of (1) oy or twe flowers -
in the centre, (2) numerous green foliage

- leaves, and () a few sheathing’ leaves.
After flowering, a new corm may be seen
forming on the top of the old one, at the
base of the foliage leaves. The old corm
nprivels up. The roots, as in the bulp,
are formed from the base qf the stem.\

¥ig. 18.—The Potato Plant, showing tubers



STEMS 23

(cY“A tuber (fig. 18) arises as a swelling o a stem
branch which grows underground. The buds are
the so-called eyes; under favourable circumstances
the eyes grow into stems bearing leaves, and pro-
.duce new potgo plants.

Undergraund stems contain a store of food
material; in the case of the bulb it is stored in

1, "(’.W
( \ !\‘m’

Fig 19.—Root-stock, or Rhizome, of Iris

the fleshy leaves; in the corm and tuber in the
fleshy stem. \The food material in the potato is
largely starch.

(d¥/A root-stock (fig. 19), or rhizome, is a creeping
underground stem, which sends roots from its lower
surfaces and stems and leaves from its upper sur-

face. Ew. Iris.

Aerial Btems./Stems which grow above the
ound are called aerial. They may be either—
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Fig. 20.—8tem of Ivy, showing rootlets
L}

(1) upright, when they need no support;
(2) olimbing, as in the Ivy* (fig. 20);

Fig. 21.—Twining stem of Hop *

(3) twining, as in the Hop (fig. 21);
d, (4) creeping, as in the Strawberry (fig. 28).
/ Climbing Plants—Climbing plants have weak
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stems. Various means of support are developed on

them to enable them to grow upwards into the
light and air. /
ome of these are:a—

k1. Rootlets (#g. 20), as in Ivy—adventitious roots
[}

A, Tendrlls and stipules of Pea; B, Tendrils and stipules of Lathyrus Aphaoa;
¢, Suckers of Creeper; D, Prickles of Rose.

springing from the stem; they cling to the wall or
other support.
V2. Perdrils (fig. 22)—curling threads which twine
round any support.
** Tendrils are sometimes—
" (@) altered leaflets, as in the pea (fig. 22, A);
(b) altered branches, as in the vine;
(c) sometimes the petioles twine and act as
= “ tendrils, as in Clematis., The nature of
tendrils is indicated by their position on
the plant;
{d) stipules, as in Smilax.
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3 Buckers (fig. 22, ¢)—These are little disc-like
growths at the end of tendrils, by means of which
the plant clings to the wall, as in Virginia Creeper.

¥ 4. Prickles (fig. 22, D), as In the Blackberry or
Rose. These are little outgrowthsérom the outer
skin of the stem. ¢
f"'creeping Stems.—The Strawberry stem ('ﬁg. 23)
grows along the ground, and at the nodes sends

Fig. 23.—8trawberry Runuer

roots into the soil, and leaves into the air® thus
producing a new plant. This stem is called a
runner.

In the Houseleek the creeping stems are shorter
and are called stolons. )
{Spines and Thorns.—Sometimes stems and leaves

modified into thorns. as in Hawthorn and Gorse. -,

The thorns of Hawthorn are altered branches, for
they arise in the axils of leaves, apd sometimes '
under cultivation they bear leaves‘.&\



n

’(Veg'etttive Reproduction.—By means of under-
ground stems, runners, and stolons, &e., planﬁ\m
able to reproduce themselves without seeds.

CHAPTER V

A leaf is an outgrowth from the stem. {Fig. 24.)

A Jeaf consists of:—

) The proad expanded part called the blade (or

lamijna).

%%] The _petiole,
or leaf-stalk.
) The petiole is
not always Present.
If present, the leaf

is_petiolate; if ab-

sent, sessile.
\,(35 Stipules, little
expansions at the
base of The petiole.
See fig. 28.)

** Sometimes the
stipules  become
. large and leaf-like,
and orm® the

Pig. 24.—Diagram of Simple Leat (Prlvop),

showing parts

. funcfion of the blade, as in some species of Lathy-

rus.  (Fig 22, B)

o functions of a typical leaf aré:—
D Leaves act as the breathing organs. They
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take in certain gases from the air, and give out
gases,
» (2) They manufacture food for the plant, from
the gases taken in by the ltaves, and the sub-
stances absorbed by the roots fromethe soil

3) They give off the unnecessary watev as vapour
into the air.

Venation.—The blade of the leat is crossed by
numerous veins.
* (1) Sometimes, as in the Iris, the veins run

Fig. 25.—A, Parallel-veined Leaf. B, Net-veined Leaf.

- ®

throughout the length of the leaf, parallel to each
other. (Fig. 25, o) Parallel-veined leaves are cha-
racteristic of plants belonging to the class Mono-
_cotyledons.

*(2) In the Elm or Beech, the vein§ branch from
one principal vein, called the midrib, formmg a
nei-work throughout the blade. (Fig=25, ) This
arrangement is'called net-veined, and is character-
tic of Dicotyledons
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Simple and Compound Leaves.

(z) A simple leaf has the blade in one piece
Ex. Violet.

Fig. 26.—Palmate Leaf of Horse- Fig. 27.—Ternate Leaf of
Clestnut Strawherry

(b) A compound Jeaf has the blade cut up inte
& number of leaflets.

Compound leaves are divided into two classes:—

(1) Whe™he leaflets all
spring from the same place,
_when they may be palmate
or ternate.

A palmate leaf has five’
or seven leaflets springing
fron® tite same place. (Fig
26.) Exz. Horse-chestnut.

A ternate leaf has only
three leaflets springing
_ from the same.place. (Fig. J
27.) Ea. Clover or Straw- g se _ piunate Leat
e ' g te Leat of Rose
(2) When the leaflets do not spring from the same
place, as in a pinnate leaf, which has a midrib and
leaflets springing from either side of it. . Rose




30 GENERAL MORPHOLOGY

* The leaflets of a compound leat can be cleafly
distinguished from leaves by the fact that buds do
not arise in their axils. ’
* 8hape.—The blade of the leaf varies very much
in shape. Some of the principal forfas are:—

[]

Fig. 20.—Bhape of Leaves

4, Linear; B, Lanceolate; 0, Oval; b, Ovate; K, Cordate; F, Reniform: a
Round, or orblcular; H, Baglttate; 1. Spathulate, or spoon-shaped.
- ¢

* Margin.—The margin may be:—
) entire (fig. 29, A);
42) serrate, like a saw (fig. 27);
“1(8) dentate, with coarse teeth (fig. 80. BY;
"*(4) crenate, with rounded teeth;
() ciliate, hairy margin;
«(6) ginuate, with a wavy outline (fig. 30, 4}

Arrangement of Leaves.—If leaves spring from
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- an underground stem, they are said to be radical;
ir from a stem. above
- ground, cauline.

Fig. :w.—'A, Sinuaws leaf of Oak; B, Dentate leaf of Thistle

Cauline leaves mag be:—
(1) alternate, when one leaf springs from each
node; -

Alternate Opposite ' ‘Whorled

Fig. 81.— Cauline Leaves
L

(2yUpposite, when two leaves spring from each
“node on opposite sides of the stem;
(3) whorled, where several leaves spring from a
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** Modifications of Leaves.

(a) Bcale leaves are found on the outside of
winter buds, as already described.

(b) Bracts are leaves, often scaly, found on the
flower-stalk. Sometimes they enclose a single
flower, as in the Snowdrop; sometimr~s a number
of flowers, as in Garlic. s,

They may be large and scaly, as in the Daffodil,
or leaf-like, as in Dandeclion. In the latter case
the flowers are surrounded by numerous bracts,
forming what is called an involucre.

(c) Cotyledons.—These are seed-leaves, and have
already been described in the chapter on Ger-
mination.

(d) Leaves are variously modified to perform
different functions, as:—

(1) Tendrils, aids to climbing.

(2) Carnivérous Organs.—The leaves of the
Sundew and other plants are provided
with glandular hairs, which are sensitive
to a certain degree. When an insect
alights on the leaf, the hairs close over
it, and send out a fluid, which Jigests it.

(5) Bpines, means of protection.

CHAPTER VI
THE FLOWER

\>{/ The flower consists of several whorls of leaves.
(Fig. 32.) There are generally presegg four whorls:—
1. The sgpals, forming the oalyx.of the flower ~
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- These leaves are generally green, and they protect
the flower when in bud.
2. The brightly-coloured leaves, the petals, form-

Flg. 32.—1, Buttercup, from behind, showing sepals; 2, Buttercup from
behind, with sepals removed; 8, Buttercup, with sepals and petals re-
moved; 4, Pistil; 5, Stamens, with pistll removed; 6, Seed-cases; 7

Bingle seed cut through; 8, But p; 9, Bection of a Buttercup
(on larger scale), showing the arrangement of its parts. 7, Receptacle or
torus; s, calyx; p, corolla; af, stamens : g, pistil.

N

ing threborolla. Their chief use ia to attract insects
to the flower.
When the calyx and corolle are the same colour,
* they are called eollectively the perianth,

(B 808) 3
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* Sepals and petals are not necessary for the pro-:
duction of seed, therefore they are sometimes
absent.

3. The stamens.—A stamnén consists of a stalk
or fllament, and a head or anther. The anther
eontains a yellow dust called pollen. *The stamens
form the andrecium.

4. The carpels form the pistil (or gynsceum).
There are three parts in the pistil:—the bottom
part, the ovary; the middle part, the style, and the
top part, the stigma.

The ovary contains small bodies called ovules.

Calyx. —If the sepals remain free from each
other they are called polysepzlous, if united gamo-
sepalous,

Corolla.—Petals free = polypeé-lous.
Petals united = gamopetalous.

** Andrecium.—The stamens, like the other parts
of the flower, are modified leaves; the filament
corresponds to the leaf-stalk, and the anther to
the blade.

The blade is folded, forming two aniher lobes,
_each of which contains two cavities, in which are
minute grains called pollen. The pollen is carried
by means of insects, or by the wind, from the
" stamens to the pistil of the flower.

The anther is joined to the filament by a delwa,te
thread called the connective.

In the Buttercup, this thread runs up the back of
the anther, hetween the lobes; this mode of attach-
ment is called adnate. (Fig. 33, 4.)
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More frequently the thread is attached to one
end of the anther, when it is said to be innate (fig.
33, B); if attached to the middle of the anther,
versatile (fig. 33, ¢). When the attachment is in-
nate or versatilegthe anther swings when touched.

The anthew opens to shed its pollen when ripe.
If the opening is towards the inside of the flower,
the dehiscence is introrse; if towards the catside of
the flower, éxtrorse; if down the sides, lateral. The

L]

A
o A A
C
L4
F F
F
A B
L J
Fig. 38.—A, Adnate, B, Innate. C, Versatile A, Anther: ¥, Filament;
¢, Connective.

opeénings of the anthers are generally longitudinal
slits, but sometimes they are pores (as in heaths),
or sometimes valves.

** Gynwcewm, —The carpels are leaves folded in
various ways to form a closed chamber, in which
the ovules are produced.

The simplest type of pistil consists of one carpel
(as in the pea) joined by its edges, forming a cavity
—the ovary. (Fig. 34, 4.) Along the join of the
two &dges the ovules are produced.

" The apex of the carpel is prolonged beyond the
top of the ovary forming a style, and the end of
 the style forms the stigma.
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The gynsceum may be formed from many
carpels. These may remain free from each other,
when several ovaries are formed, each containing -
one or more ovules. This is called an apocarpous
pistil, as in Buttercup or Columbine. (Fig. 34, B.)
More frequently the carpels combine forming one
ovary; this is a syncarpous pistil. (Fig. 84, c.)
Sometimes the apices of the carpels join, forming

Fig. 34.—A, Pistil of Pea; B, Apocarpous pistil of Buttercup; o, Syncarpous
pistil, K, calyx; o, ovary; Ov., ovules; 8, stigma; St., style.

one style; sometimes they remain free, forming
as many styles as there are carpels.

The surface of the stigmas is often sticky, or
covered with hairs to help in retaining the pollen.
** Placentation.—The ovules are borne on the edges
of the carpels, where a slight thickening is pro-
duced; this is called the placenta, and the method
of arrangement is called placentation. .

When the ovary is formed from one carpel and
the ovules are placed where the edges of the carpels
join, the placentation is marginal. (Fig. 85.) K=
Pea. {/

When there is only one ovule, springing from
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‘the base of the ovary, the placentation is basal.
(Fig. 36, A.) Ex. Buttercup.

If the ovule is suspended from the apex of the
carpel, it is pendulous. *(Fig. 36, B.)
‘Ex. Cow-parsnips

When twoor more carpels join
by their edges forming one cavity,
the placentas are formed where
the carppls join, that is on the
walls of the ovary, and the placen-
tation is said to be parietal. (Fig.
86, p.) Ewx. Niolet.

If two or more carpels join by
their edges and then fpld in to the & % —Pod of Fes,
axis, forming as many cavities 88 contation
there are carpels, the ovules are
then placed in"the centre round the axis, forming
axile placentation. (Fig. 36,c) Eux. Iris.

When the ovary is formed from several carpels,

A

Fig. 38 —Forms of Placentation
A. Basal; B, pendulous; c, axile; D, parletal; E, free-central.
. L]

and form only one cayity, and the ovules are placed
on the axis in the centre of the ovary, the placenta-
tion is free-central, (Fig. 36, E) Ewx. Primrose.
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** CHAPTER VII
FLOWER ~—(€antinued)

\/l'he receptacle.—The end ofe the flower-stalk
on which the floral leaves are placed is called the
receptacle. ¢

(In the Buttercup the receptacle is conical, the
apex of the receptacle is occupied by the carpels.

5

Fig. 37.—A, Vertical section of hypogynous fower; B, Perigynous
flower; ¢, Epigynous flower; R, receptacle; K. calyx; onzordifa:a,
andraecium; 6, gyneceum; b, disc; 0, ovule

and the stamens, petals, and sepals respectively
occupy three lower levels. (Fig. 387, o) Such a
flower is called hypogynous (hypo = below, ..
petals and stamens are below the' gynmeceum), the
term being applied to the stamens and petals; the
sepals are said to be inferior.

If the receptacle grows more at the edges than
ab the apex. it becomes cup-shaped. The apex of

kY



INFLORESCENCES 39

- the receptacle is still occupied by the ovary (in a
hollow), but the sepals, petals, and ‘stamens are
carried up by the growth of the receptacle and
occupy a position around the ovary. (Fig. 37, B.)
-In this case thegpetals and stamens are said to be
perigynous. £x. Cherry. In both of these instances
the gyn#eceum is superior and the calyx inferior.
. If the receptacle grows in the same way as the
last example, but becomes combined with the
ovary, and cannot be distinguished from it, the
other parts of the flower appear to spring from
the top of the ovary. (Fig. 37, ¢) The corolla
and stamens are then said to be epigynous, and
the ovary inferior. Zx. Apple and Parsley.

CHAPTER VIII
INFLORESCENCES

An inflorescence is the arrangement of the flowers
upon the flower-stalk.

The* m®%in flower-stalk is called the pedunole,
the secondary flower-stalks branching from the
peduncle are pedicels.

* There are two main types of inflorescenee—(1)
- definite, and (2) indefinite.
" *In a deflnite inflorescence, the peduncle or main
axis'is terminated by a flower, and the growth is
continued by lateral branches, which spring from
beneath the terminal flower. (Fig. 38)

* In an indefinite inflorescence there is no termina)
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flower; the axis produces flowers indefinitely. the"
youngest flower always nearest the top. (Fig. 39.)

Fig. 88.—Cymose or Definite Inflorescence
(diagrammatic)

Fig. 89.—Racemose or In-
« definite Inflorescence (dia-
grammatic)

* Comparison of Definite and Indefipite.

DEFINITE

1. Main axis terminates in
a flower—growth, therefore, is
definite or cymose.

2. Central (terminal) flower is
the oldest, youngest flower on
the outside.

INDEFINITE

1. Main axis does not ter-
minate in a flower—growth,
therefore, is indefinite or race-
mose.

2. Central (uppermost)flower
is the youngest, aldestolowers
at the bottom or outside.

* The main types of indefinite inflorescence are:
(@) raceme, (b) corymb, (c) spike, (d) spadix, (e)
umbel, (f) head.

(2) A Raceme bears numerous stalked flowers,
springing laterally up the peduncle, the youngest.
flower at the top. (Fig. 40.) Ez. Harebell or Lily
of the Valley. In some racemes there are bracts at
the base of the pedicels, in others they are absent.



Mg 4. Pg 47D Fig 46.—Head Fig. 48.—Scorpiold
Spadix  chotomous Cyme Cyme
: «
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(b) A corymb is a slight variation of the raceme. *
The lower pedicels elongate and grow to the same
level as the upper ones, so that the top of the
inflorescence is flat. (Fig. 41') Ex. Candytuft.

A catkin is a pendulous raceme. ¢ (Fig. 42.)

(c) A 8pike has numerous sessile flowers springing
up the peduncle. (Fig. 43) It is a racerfie with-
out pedicels. Ez. Plantain.

(d) A spadix is & spike with a fleshy peduncle.
The spadix bears two kinds of flowers, staminate
and pistillate. The top of the peduncle is barren,
the flowers are placed near the basa The whole
inflorescence is surrounded by a large bract called
a spathe. (Fig. 44.) Ez. Arom Lily.

(¢) An umbel has numerous stalked flowers
springing from the top of the peduncle, the outer-
most flowers hbeing the oldest. &ee fig. 45, a,
simple inflorescence; B, compound inflorescence.).

(f) A head has numerous sessile flowers spring-
ing from the top of the peduncle. (Fig. 46.) It is
an umbel without pedicels.

* The Daisy, Dandelion, Cornflower, and slmlls,r
types must not be mistaken for single flowers.
They are inflorescences; the apparent calyx is an
involuere of bracts, surrounding numerous flowers
or florets. :
* An umbel and head have shortened peduncles,
the other racemose inflorescences have iengthened
- peduncles.

* Oymose Inflorescences.— The simplest form of .
cyme consists of an axis terminated by a flower.
and a branch below bearing a flower



INFLORESCENCES

43

* A dichotomous cyme consists of a terminal flower
with two branches below. Each branch again
branches twice, and go on. (Fig. 47) Eu. Stitch-

wort.

* A scorpioid cpme, characteristic of the Forget-me

not and its 4llies, is a one-branched
cyme. *A terminal flower is pro-
duced, and a branch is formed
below.  This branching continues,
and always on the same side of the
axis. When fully expanded the
inflorescenceshas the appearance of
a raceme, 80 the branching must
be examined in. the expanding
stage. (Fig. 48)

Special inflgrescences occur in
certain families of plants, but these
will be explained when the families
are dealt with.

* Bolitary Inflorescences. — When
the flowering axis does not branch,
and bears on]y a single flower, the
. inflorescetice is said to be solitary.

Fig. 49, — Solitary
Axillary Klowers of
Moneywort

In the Snow-

drop the inflorescence is solitary terminal.
* Ip the Pimpernel and Moneywort, the flowers are
solitary in the axils of the leaves. (Fig. 49.)
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-

CHAPTER 1X
POLLINATION

#In order that seeds may be prodaced, the pollen -
of the stamens must be conveyed to the stlgma of
the pistil. This is called pollination.
* Sometimes the pollen from the stamens is con-
veyed to the stigma of the same flower, giying rise
to self-pollination; more frequently the pollen from
one flower is conveyed to the stigma of another
flower; this is said to be cross-pollination,
*It has been found by frequent experiment that
cross-pollination is more advamtageous to the plant
than self-pollination, that more and better seeds
are made, and stronger plants prodyged from them.
Many plants, therefore, have means to ensure cross-
pollination.
*# 1. In the Hazel and Willow there are two kinds
of flowers, one producing stamens, and the other
pistils only. In this case the pollen must be carried
from one flower to the other, ie. they must be
cross-pollinated.

Such flowers are said to be unisexual, and when
both kinds grow on the same tree, as in Hazel, the
flowers are moneious, but on different trees, a8 in
Willow, dicecious. }

#+9 In the Primrose and Loosestrife there are two
and three kinds of flowers respectively. The Prim.
rose has two forms (fig. 50, A and B). One has the
stamens at the top of the corolla tube (thrum-eyed
flower) and the pistil short, the stigma reaching
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- about half-way up the tube. The other form has
the stamens half-way up the tube, and the stigma
rea.chmg to the top of the tube (pin-eyed).

It is very evidentein the second case that self-
.. pollination ca.m‘bt take place. The flower depends
upon the visit of lnsectq for pollination.

The poll from the short stamens

VAR v

Fig. 60. —A, Thrum-eyed Flower of Primrose; B, Pin-cyed Flower of @?1‘ ‘
the same
-
o the shart pistil, and irom the long atamens to
- it

the 1 istil,
* 3%& stamens shed their pollen before
the pistil is ripe, when the flowers are said to be
proterandrous. Ew.- Canterbury Bell. Sometimes
thepistil» matures before the stamens, when the
flowers are said to be protogynous, as in bcrophu-
larias and Plantains. It is quite clear that in these
cases the flowers must be cross-pollinated.
**4. In many cases the shape of the flower, and
the arrangement of the stamens and pistil, prevent
self “pollination. '
- The chape of the flower bears a close relation to

the visit of certain insects.

(bomeumes the stamens ‘are so arranged that
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they dust the insect’s body with pollen, and when
the insect visits another flower the pollen is de-
_posited on the stigma.)

Various flowers should be examined and the
different contrivances noted—for jpstance, the pea
family. ‘

The transference of the pollen from one flower
to another is effected either by («) the wind, or by
(b) insects.

Wind-pollinated flowers are called anem6philous;
insect-pollinated are entomophilous.
~ Anemophilous flowers are characterjzed by—

{}) being small and inconspicuous;

(2) being scentless;

%8 producing pollen in la,rge quantities to allow
for waste;

75 pollen light and powdery, and Produced gener-
ally on stamens which hang out of the flower, or
the inflorescence is pendulous;

() stigmas branched and hairy;

(6 flowers sometimes come out before the leaves.
\Entomophilous flowers are:—

@) brightly coloured and scented. They Btner-
ally contain honey secreted in some part of the
flower. Sometimes the inflorescence is showy; by
these means insects are attracted to the flower.

(2) The pollen is generally sticky, and is not
produced in such large quantities. ©

(3) Stigma, when mature. is generally covered
with a sticky secretion to cause the ppllg;i grains
00  adhere t to it.

\4) “Flowers are adapted by“their shape to the
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wisit of certain insects, and many have markings
. on their petals to guide the insects to the nectaries.

** Neotaries.—Honey jig secreted in various parts of
‘the flowers. Petals are often spurred, and the spur
Tacts as a negtafly, as in Snapdragon and Violet.
Two of the stamens of the Violet and Pansy have
appendages, which make the honey. These appen-
dages are enclosed in the spur of the petals, and
the honey collects in the spur.

The Wallflower has two green swellings in front
of the short stamens; the Buttercup has small scales
at the base of the petals; the Christmas Rose has
tubular petals; the Sage has little glands on the
receptacle below the @vary; in various members of
the pea family the honey collects in the stamen
tube, the entraxge to which is protected by the one
free stamen. When the nectaries are protected or
concealed, they are generally visited by intelligent
insects—as bees—and the shape of theflower
adapted to the visit of such insects. This is clearly
shown in the pea family, Snapdragon, &e. :Butter-
flies and mpths visit flowers with long tubes, as in
Honeysuckle.

" When the nectaries are exposed to view, the
flowers are visited by a great variety of insects.

|
* Belf-pollination,—Many flowers have contrivances *
o ensure self-fertilization.

, The Violet and Wood-sorrel produce cleistogamous
closed) flowers. Since they never open they must
wllinate themselves; These flowers are produced
ate in the year and form seeds.
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Some flowers are able to pollinate themselves if-
cross-fertilization fails.
e Pollen-tube, —The pollen grain is nourished by
& sticky substance on the stigma; it puts out a
‘tube, which finds its way down the style into the .
ovary, and enters an ovule through the small open-
ing, the micropyle. Pollination, therefore, is_the
transference of the pollen to the stigma and the
productlon of the pollen-tube.

** CHAPTER X
FERTILIZATION

\VAn ovule (fig. 51) consists of:—

A central mass of cells calléd the nucellus,
surrounded by—

\{2) Two coats, called integuments. The two
coats do not quite surround the nucellus, but leave
a small opening called the micropyle.

One cell of the nucellus is larger than the others,
and is called the embryo sac. The embiyo 8¢ con- .
tains an oosphere or ovum.

After pollination has taken place, the fertiliza-
tion of the ovule follows. The contents of the
pollen grain pass down the pollen-tube, which has
previously entered the micropyle, and combine with
the ovum. The ovum becomes an oospore; and
from it is.developed the young embryo plant.

Within the embryo sac is produced, as a result of
fertilization, a tissue called endosperm or albumen,
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This contains a store of food material for the em-
bryo. The embryo sac enlarges gradually, enclos-
ing the whole of the nucellus.

Sometimes the nueellus persists, and is called
perisperm. K. Pepper.

\Jhe resultg of fertiliza- Stigma
tion grg therefore:— Pollen Tube
The development of  Nuctewsor

. . Pollen Grail
the ovule into a seed, o OT"

surrounfed by the testa
(two integuments), en-
closing—
W2J An emT)tyo formed
from the fertilized ovum.
The formatioh of
endospermn.
In some cass, as the
embryo enlarges, it ab-

Mi-ropyle

Ovule (with

Nucellus

Embryo Sac
(with nucleus,”

Ovum

Swster-cell

Antipodal
Cells

sorbs the food material
ahd stores it up in the
cotyledons, so that the
seed .contains only the
embepo, Such seeds are
called exalbuminous, Al
Bean. But if the food
maferial remains outside

Fig 51 —Vertical Section of Ovary
(with 8 coats), containing 1 Ovule

NoTE. -Three nuclei —the vege-
tative nuclens and two generative
nuclei—go down the pollen tube.
Only one of the latter brings about
the fertilization of the ovule The
other sometimes joins with the
nucleus of the embryo-sac, while
the vegetative nucleus disappears.

the embryo, so that the seed conteins an embryo
and endosperm,sthe seed is said to be albuminous,
Ez. Indian Corn.

“ In a few cases an extra growth develops round
the seed, forming an aril. In the Willow this takes

the form of a tuft of hairs: mace is an aril which
BA0S) 4
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grows round nutmegs; the red, fleshy cup of the .
Yew forms an aril also.

¥

CHAPTER XI '
* FRUITS

When the ovule develops into the seed, the ovary
becomes the fruit, and the wall of the ‘ovary is
called the pencarp of the fruit. -

_A true fruit_is formed from the ovary alone, but
" when some other part of the flower
(usually the recept,acl(,) helps in the
formation of the frult the fruit is
said to be spurious. -

\Pfuits may be dw:d‘ed inor—

(1) Dry fruits, having a dry peri-
earp. )

*42) Bucculent fruits, having a juicy
pericarp.

Fruits are also either—

(1) Dehiscent, when thes open to
sh\ed their seeds.

(2) Indehiscent, when they do not

¥ig. 62.—Pod of
igl‘en(open)n open to shed their seeds.

\_Fhe ;)h)ef dry, dehiscent fruits are
si

(1) pod ‘(»2) follicle, (37 siliqua or silicula, (4') capsule.
Pod.—A pod is formed fromn one carpel, sphttmg

down two sides to liberate its seeds. It opens
along the place where the edges of the leaf join
and also along the midrib. The secds are attached
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along the edges of the carpel. The pod or legume
is the characteristic fruit of the pea family.
(Fig. 52.)

Follicle. — A follicke is
similar t0. 8 pgd, but it
only openc de e side,
wvhere the e the car-
pel join. (F Ex.
Columbine 0 rkspur.
The frui® consists of man
follicles, because there m:z .;;‘f}h.:;iﬁﬁf:) fl:)illi.:celgeo:ult‘::on
many carpely and they
remain free from each other, each one forming a
follicle.

* Biliqus.—This i§ & fruit peculiar to the wall-
flower family. It is formed from two
carels; the carpels are joined by their
edges, but there are
two cavities owing to
a false partition called
the replum, formed be-
tween the two carpels.
« When the fruit ripens,
the two carpels break
away from the replum,
from below upwards,
leavin the seeds, pmg 55 —snict
T Walltomer whiohgare attached te ) Hm'e:trﬂau
. the edges of the car- '
fels by siender stalks, on the replum. (Fig. 54.
. When the fruit is almost as broad as it is Jong
it is called o silicula. (Fig. 55.) ZEx. Honesty

w
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Capsule.—A capsule is formed from two or more
carpels, opening in various ways to shed its seeds: —
(a) By numerous teeth at the top, usually as

Fig 66.—Capsule
dehiscing by teeth Fig 67.—Capsule of Figwort

many or twice as many as the number of carpels.
Ex. Campion. (Fig. 56.) .
(6) By longitudinal slits, either along the margin

Fig. 68. ~Capsule of 1ris ¥ig. 60.—-Capsule of Poppy

of the carpels, as Figwort (fig. 57), or along tue
midribs (tig. 58). FEwx. Pansy and Iris.
(¢) By numerous pores (fig. 59), as in Poppy and
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‘Snapdragon. As the capsule of the poppy ripens,
the stigma is raised, disclosing numerous pores.
(d) By a little lid, ag in the pimpernels (fig. 60).

Ceutie plece of The same enlarged,
Buttercup,  with and cut through to
Fig 60 - Capsule of Stamens. show seeds.
Pimpernel Fig 61 *

. o -

* Dry Indehiscent Fruits.~/he chicf are (@) nuts
and (D) achenes.g

Both of these contain one seed; the pericarp of
the achene is thin, whereas that of the nut is hard
and shell-like. ’

The buttercup has a head of
achenes (fig. 61), formed there-
fore from pumerous carpels,
each carpel containing one
seed.
* A~ Bchizocarp (Gr. schizo

= to split)—If the pistil is ' P!

formed from two or more

rpels, joined to each other, and they split
rt when the fruit ripens, it is called & schizo-
rp. (Fig. 62) In the Mallow the fruit splits
into a number of parts, each part containing one
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Succulent Fruits.—The two chief types of suc-
culent fruits are («) berry and (b) drupe.

In a drupe the pericarp shows three distinet
layers—the outer one forms the skin, the inter-
mediate layer is the succulent pfart of the fruit,
and the innermost layer is the hard shell. | Within
this is contained the ome
seed. (Fig. 63.) The drupe

Fig. 63.—Longitudinal Section Fig 64.—Blackberry, and

of Plum single Fruitlet of same
8, Seed; E, Endocarp, or shell; The latter is enlarged
M, Mesocarp, or intermediate layer; and cut through to show
Ep, Epicarp, or skin. need.,

is generally formed from one carpel. Ex. cherry, °
plum, or walnut. The blackberry and raspberry
consist of a number of small drupes or drupels.
(Fig. 64.) The pistil is formed from many carpels,
free from each other. KEach carpel forms a drupel.

Berry.—In u berry the pericarp consists of the
outer layer—the skin, and the succulent part of
the fruit. It contains many seeds, which are em-
 bedded in the succulent part of the fruit. (Figs.
65 and 66.)
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* Berries may be formed from two or more carpels.
The gooseberry consists of two carpels, and the
seeds are attached
to two parietal
placentas. .
An orang® is a
berry *containing
numerous cavities Egyss?
with axile placen- 5 L™ o Seoion o1
ta,tion. Gooseberry, show- Grape, showing axlle
o Spurious Fruits. :;i c::‘l: parietal placentation
—Many fruiw are p,
formed from the gynmceum a me other, pazh
of the flower, geruam,l]y the re?;éf;tﬂzfce
The apple is a spurious fruit called a pome.
{Fig. 67.) It gonsists of the ripened gynmceum

Fig 67.—Apple cut downwards and across
0, Calyx; K, Carpels. The core containing the pips or seeds 18 the true fruit.

surrounded by the swollen receptacle. The core
of the apple represents the true fruit (the ripened
gynsceum), the edible part being the swollen re-
ceptacle. When seen in cross section, there are five
divisions in the centre; these are the five ovaries
of the flower. and each contains one or two seeds.
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The haw of the Hawthorn resembles a pome in
some respects. ; (Fig. 68) X%e outer portion is the

Fig. 08.— Haw of Hawthorn Fig. 60 —Vertical Sétion of Hip of Rose

swollen receptacle, but the carpel or carpels become
stonyy
The hip (fig. 69) of the rose consists of the outer
[ ]

Fig. 70.—Vertical Section Fig. 71.—Vertical
of Strawberry Bection of Fig

portion, the receptacle, enclosing the true fruits.
—achenes covered with silky hairs.

The strawberry is also a spurious fruit. (Fig. 70.)
The receptacle enlarges considerably. and becomes
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fleshy, bearing on its outer surface the true fruits
—achenes.

g The fig is & peculiar fruit formed from the entire
mﬂqmg_cjmce (fig. 71);" the peduncle encloses the
flowers, the perisnths of which bécome succulent.
The true fruils are the small pips or achenes.

** The dulberry in appearance resembles a black-
berry, but it is a fruit formed from a number of
flowers; the blackberry is the fruit of a single
flower.

! IFICATION OF TRUE FRUITS
s - -

|
1 Dn\, 2. SUCCULENT.
e '

o o |
1. Dehiscent. 2. Indehiscent.
|

|
I | | |
Fornied from Famed from Formed from 1 Achene.

one Carpel two Carpels. two or more Kz Butter-
| | Carpels, cup.

1. Pod L Siliqua, | 2. Nut,

Ez. P Ezx. Wall- 1. Capsules. Ex Hazel,
2 Fo]llcle Hower. £z Poppy. 8. 8chizocarp.

Xz Columbine, 2. Si“culu iz Maliow.
8. Lomeuntum, Ez. Honesty.

Ez. Radlsh.

[
| |
One-seeded. Many seeded,

Drupe. 1. Berr)l'.
Ez. Cherry. KEz. Gtape,

.CHAPTER XII
*% FRUITS- {(Continued)
Means of Dispersal of Fruits and BSeeds.—It is

important that the seeds of a plant should have
some means of distributing themselves, otherwise
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they 'would all grow up around the parent plant,
and so cause overcrowding.

The four principal agents which help in the
dispersal of seeds are:—

(@) Wind, (by animals and birds, (c) water, (d)
some mechanical contrivance in the Truit.

Wind.—1. In some cases the seeds Wre very

Fig. 72.— A, Achenes of Traveller's Joy; B, Seeds of Willow-herh;
0, Fruit of Dandelion; 1, Samara of Sycamore; E, Acheue of Avcns,
showing hook.

light, and are easily carried by the wind on the
opening of the fruit.

2. The seeds of the Willow and Willow-herb
(fig. 72, B) are provided with hairs, which enable
them to be carried easily by the wind. .

3. In Wild Clematis or Teaveller's Joy the style
" becorces feathery and aids in the dispersal of the
fruit. (Fig. 72, A.)

4. Fruits are sometimes crowned with hairs, as
in the Dandelion. (Fig. 72, c¢) The hairy out-
growth is the pappus representing the calyx.

6. Some fruits have wing-like outgrowths which
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enable them to be carried by the wind, as Elm,
Sycamore, Ash. (Fig. 72, v.)

.Animals. —1. Succulent fruits are eaten by
animals, the succulent portion being digested, and
the seeds reje.cte! The seeds may be carried, in
this way, some distance from the purent plant.

2. Sonle fruits are provided with awns, hooked
at the end, by means of which they become attached
to the wqpl of sheep or other animals. For instance,
the achenes of the Common Avens (fig. 72, E) are
crowned by the stigmas, which twist and become
hooked when the fruit ripens.

Fruits of Burdock, Cleavers, and others are pro-
vided with hooked hairs, which enable them to
cling to any rough surface.

) Water.—Some,seeds and fruits are provided with
" air-bladders, which enable them to float on the
surface of the water. Kx. Water-lily.

By this means islands may be provided with
vegetation, the seeds of plants from neighbouring
continents being carried by currents, &c. The
cocoa-nut, with its fibrous outer covering and hard
shell, can be carried on the water for long dis-
tances.

Mechanical Contrivances.—Many fruits open with
an explosive action, and cast the seeds sometimes
to great distances. Examples of such are Wood-
sorre), Balsam, Gorse, and Squirting Cucumber.
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SIMPLE STRUCTURE

CHAPTER XIII
STRUCTURE

#If a thin scction of a root, stem, or leaf be
examined under the microscope, it presents the
appearance of a net-worle. The various compart-
ments of the net-work are called cells.

Cell-wall

Protoplasm
= round the wall

. Nucleus with
nucleolus

-
Protoplasm in
Chlorophyll nm;
Grains J—
(Rreen) -
‘Vacuoles con-
=" tainuig cell-sag

Fig. 78.—A Cell

* A cell (fig. 73) consists of a living part, proto-
plasm, covered by a protecting layer called the
oeil-wall.
Protoplasm is a jelly-like semi-transparent sub-
60
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stance, having the power of movement. In com-
position it is very complex, consisting of the
elements carbon, hydrogen, oxygen, nitrogen, sul-
phur. .

. In the protoplasm are seen numerous small
bodies, one Reing considerably larger than the
others, this is called the nucleus. It is composed
of dense protoplasm, and when the cell is treated
with certain stains, the nucleus tends to stain to
a greates extent than the rest of the cell. The
smaller bodies are called—

Plastids, composed also of protoplasm. When
these plastids re colourless, they are called leuco-
plasts. They are found in storage organs, and
with them are assoeiated the starch grains. In the
green parts of plants a green colouring matter is
diffused througly the plastids, and they are then
called chlorophyll granules or chloroplasts. (See
fig. 73.)

Chromoplasts have various colouring matters
diffused through them, as in the petals of some
flowers, &ec.

Cell-sap.s—In a young cell the protoplasm fills
the entire cell, but as the cell grows older spaces
appear called vacuoles, filled with a watery fluid
called cell-sap. Gradually these spaces run to-
gether, and form one large vacuole surrounded by
the protoplasm containing the nucleus. the whole
covezed by the cell-wall.

* Cell-wall,— The cell-wall consists of a dead
substance called cellulose, formed from and by the
prowplasm. Cellulose has the same chemical com-
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position as starch, consisting of carbon, hydrogen

and oxygen (CgH,,0,). During the life of the cell.
the cell-wall frequently undergoes a
process of change, such as:—

(1) Lignification, that is, the cellulose
becomes changed into lignin, which is
hard and inelastic, but permeable to
water, as is also cellulose. The cell-

Fle 14.—Cell wally in the wood tissue of plants

showing spiral

thickening become lignified.

(2) The cell-walls on the outer skin
of plants are sometimes covered with & cuticle,
or become cuticularized,

Fig. 76.—s, Spiral
vessel; A, Annular
vessel: P, Pitted vessel;
F, Fibres in the wood of
8 fibrovascular bundle.

(8) In some parts of plants the

cell - walls "art formed of cork.
Both the cuticle and the cell-
walls of cork tissue are imper-
meable to water, and hence are
important in that they prevent
too great evaporation from the
surface of plants.
* Cell-walls also undergo another
kind of change. They are fre-
quently thickened by the add:-
tion of cellulose on their inside
walla. The thickening is’ not
deposited evenly over the whole
inner surface, but—

(1) sometimes in the formrof a
spiral, forming spiral cells (fig. 74}

(2) sometimes in the form of rings, forming
annular cells (fig. 75);
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+ (3) or in the form of a net-work, forming reticu-
Iate cells;.

(4) if the cellulose is deposited over the greater
part of the surface, leaving small dots unthickened,
a pitted or’dottedgell (fig. 75) is formed.

Tissues.—Cedls are generally grouped together to
form whad are called tissues.

According to the nature of the cells
fotmmg them, tissues are culled:—

(1) Par®nchymatous, when the cells
are more or less rounded.

(2) Prosenchymatous, when the cells
are longer than they are broad.

(8) Belerenchymatous, when the cell-
walls forming the tissie are consider-
ably thickened.

. * Vessels.—Vesslls are formed from
a row of cells placed one on top of
the other; the transverse walls break
down or disappear, and so form a tube tF‘& 76.—Sleve-

. ube, showlng

or vessel. (Fig. 75.) Vessels may be ueve-plate, P1
either spiral, annular, or pitted, &e.,
_according to the nature of the cells from which
they were formed. These vessels occur in the
woody parts of plants; they generally lose their
cell-contents and contain nothing but air.

* Bieve-tubes.—In some parts of plants the trans-
verse walls of rows of cells only become perforated,
formifig a vessel called a sieve-tube. (Fig. 76.)
These retain their living contents, and form a
chanrel through which the food materials travel
trom the l8aves to various parts of the plant.
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* Fibres.—When cells become elongated by pres-
sure at the sides they are called fibres, so fibres are
elongated cells. A tissue made up of fibres and
vessels is called a fibrovaseular tissue.

Cell-division.—Cells increase ju number by the
division of already existing cells. dn cell-division
the nucleus divides into two, and then- probably
into four; cell-walls are formed across the cell, and
two or four cells, according to the number of nuclei,
are formed from the original one.

A tissue in which the cells are constantly divid-
ing is called meristem; one in which division has
ceased is permanent tissue.

CHAPTER XI¥

STRUCIURE OF THE ROOT

i -a
/A

...e

Pig. 77. — Longitu-
dinal Bection through
the Apex of a Root

a, Axis; 7, cortex;
gp, growing:-point; cc,
root-cap

If a longitudinal section of a
young root be examined under the
microscope, at the tip may be seen
numerous meristem cells, forming
the growing point. (Fig. 77.)

Some distance behind the grow-
ing point the meristem cells have
passed over into permanent tissue
of three different kinds:—

1. An outer tissue, onlj one
cell layer thick, except round the
growing point. This is called the
epidermis, and at the growing
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point, where it becomes many-layered, the root-
cap.

From the epidermis on the young parts of the
root, root-hairs are déveloped. (Fig. 78) These
are outgrowths fwom single cells, and form a very

D

Eud Cell

-

g Root hair
. Fig. 78.—Root of Ranunculus repens s

v, Vessels of wood, spiral towards outside of stem, larger pitted
vessels towards the centre ; ¥, Phloem or bast

important part of the plant, as they absorb the
water containing food materials from the soil.

2..An intermediate tissue, consisting of several
layers of cells more or less rounded, forming the
cartex of the root.

The innermost layer of the cortex is called the
gndodermis. It may be distinguished by the thick-
ening of the side-walls.

3.%The central tissue or stele. It consists of a

number of fibrovascular bundles—(a) xylem or
(B 808) 3
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wood bundles, and (b) phloem or bast bundles,
These are placed side by side, a,ltemaang with
each other, separated by parenchyma tissue.

The outermost layer of thie stele is the pericycle,

The xylem or wood bundles corsist of spiral and
annular vessels towards the outside®f the bundle,
and pitted vessels towards the centre of*the root.
and a number of fibres and cells. All the elements
have their cell-walls more or less lignified.

The phloem or bast bundles consist of :—

(a) bast vessels or sieve-tubes;

(b) bast fibres;

(¢) bast cells.

Increase in Thickness.—The cells of the paren-
chyma in front of the bast bundles become meri-
“ stematic, forming what is called cambium (fig. 78);
these isolated strands of cambium Gre finally joined
by intervening cells to form a continuous cambium
ring; it is at first irregular in shape, extending
outside the xylem and inside the phloem. This
cambium ring constantly divides and forms new
tissue—new wood internally and new bast exter-
nally to itself—every year. At interVals, instead
of forming wood and bast, the cambium forms
parenchyma cells; these are called medullary ays.

Growth in Length.—The root lengthens by divi-
sion of the cells of the growing point at the apex
of the root; they are constantly dividing and form-
ing fresh cells, which gradually pass over into per-
manent tissue a short distance behind the growmg
point.

As the root lengthens, the growing point has te
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force its way through the particles of soil, and
therefore is protected by numerous cells forming a
root-cap; the outer and older cells are constantly
being worn away, but’are replaced on the inside
by new cells fomned at the growing point.
Root-branchs, —Root-branches are produced from
the pericycle. This layer of cells opposite the wood

Fig. 70.—Diagrammatic Section of Root, showing root-branch

X, Xylem; c, cortex; R.B., root-ranch; B, hust; E, endodermis,

. Pe, pericycle; B.T., packing tissue.

bundles becomes meristematic, and divides, forming -
little- protuberances, which gradually develop into
branches resembling in structure the parent root.
As they are formed from an internal tissue, root-
branghes are said to be formed endogenously, and
they have to force their way through the outside
tissues—cortex and epidermis, &c. (See fig. 79.)

B ——
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CHAPTER XV
STRUCTURE OF THE STEM

The tip of the stem, like that,of the root, con-
sists of similar cells, all meristematic, forming the
growing point. The growing point is pretected by
young leaves.

Fig. 80.—Transverse Section of Stem of Sunfl (partly di 1

FB, Flbrovuscular bundle (X, xylen, ¢, cambinm, p, phloem); Cp.,
cortex, Ep., epidermis; Pt., pith; M, medullary rays.

A short distance behind the growing point may
be distinguished three tissues (fig. 80):—

(1) the epidermis,

(2) the cortex and endodermis, :

(8) the stele or fibrovascular system surrcunded
by the pericyole. .
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+ The structure of a young stem is different from
that of a young root in the arrangement of the
fibrovascular bundles. In the stem of a dicoty-
ledon, the stele consists of an incomplete ring of
fibrovascular bungles, separated from each other by
parenchyma, ¢

Each bundle consists of :—

.(¢) wood or xylem, towards the centre of the
stem;

(b) bast or phloem, towards the outside of the
stem; separated by—

(c) a zone of meristem—the cambium.

This arrangement of the wood and bast is called
collateral. When they are on alternate radii, as in
the root, the arrangement is said Lo be radial.

The parenchyma in the centre of the stem is
.called the medflla or pith, and in between the
bundles the medullary rays.

Inorease in Thickness.—Some of the cells of the
medullary rays in a line with the cambium of the
bundles become meristematic, and finally a com-
plete ring of meristem or cambium cells is formed.

By divisidn of the cells of the cambium ring, new
bundles are formed in between the old ones, and
every year a new ring of wood and a new ring
of bast are added. The wood is formed on the
inside of the cambium ring, and the bast on the
outside. (Fig. 81.)

The nngs of bast become very much compressed,
but the rings of wood can be clearly distinguished
if a'tree trunk be cut across, and by counting them
the age of the tree may be determined.
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The rings of wood are all alike, but the wood
formed in the spring consists of large pitted vessels,
that in the autumn of smaller elements, and as the
spring wood lies next to the autumn wood of the
preceding year, the ring of one ywar can be distin-
guished from that of the previous year.

Fig. 81 — Transverse Section of Maple (two years oldy

B, Bark; Co, cortex; P, phloem; ¢, cambium; X, xylem (two years);
Pt, pith; M, medullary ray.

Medullary Rays.—As we have seen, the primary
medullary rays consist of the parenchyma tissue
in between the bundles and continuous with the
pith. The medullary rays are added to by the
cambium, which, at intervals, forms parenchyma
tissue instead of wood and bast. New medullary
rays may be formed in the second or any sub-
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sequent year, but these do not extend to the
pith. '

The medullary rays sometimes act as storehouses
of food, and also convey food materials and water
from the outer tg the inner tissucs.

Fig. 82.--8tem Section

L]

1, Epidermis; 2, Cork; 3, Cortex; 4, Endodermis; 5, Phloem fibres (one
or two delicate colls between 4 and 5 are pericycle cells); 6, Phloer
cells; 7, Phloem sleve-tubes; 8, Cambium; 9, Pitted vessels of xylem;
10, Xylem celis; 11, iform vessols; 12, Medullary sheath; 13, Pith.

Xylem or Wood.—As in the root, the wood con-
sists of :—

(1) wood vessels,
* (2) wood fibres (see fig. 75),

(3» wood parenchyma.

Spiral and annular vessels occur in the wood
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of the first year, and are found surrounding the
pith. Pitted vessels occur throughout the wood
(Fig. 82.) -

All the elements of the wood have lignified walls.
The oldest wood is called the haart-wood, and is
found in the centre of the stem; the vessels and
" fibres have lost their cell contents, anc contain
nothing but air. Their function is to give rigidity
to the plant.

The youngest wood is found nearer to the out-
side of the stemn, on the inner side of the cambium;
it is called the sap-wood, as it is, the means by
which water is conveyed from the rcot to the
leaves.

Bast consists of :—

(1) sieve-tubes or bast vessels,

(2) bast fibres,

(3) bast parenchyma. (Fig. 82.)

Through the bast, especially through the sieve-
tubes, the food materials prepared in the leaves
are conveyed from the leaves to the parts of the
plants which require them. (See fig. 82.)

Bark.-—A zone of eristem arises in the cortex .
or sometimes in the bast, which is called cork-
cambium. The cork-cambium divides and forms
outwardly a cork tissue, and inwardly a green
layer of cells to replace the cortex.

The cell-walls of the cork are impervious to
water, hence the tissues external to the cork are
shut off from the supplies of food and die; this
cork, and the decayed tissues external to if, are
called bark. '

. *
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+ The bark, bemg dead tissue, cannot stretch suf-
ficiently as the stem increases in thickuess, conse-
quently it splits into ‘fissures, forming the rugged
bark of most of our forust trees.

- The smooth bagk of the Beech-tree is due to the
fact that it is'more elastic.

@rowthein Length.—The stem grows in length

Fig. 83.—Transverse Section of Stem (diagrammatic)
*

by the addition of new nodes and internodes,
These appear first in buds, formed at the growing
points, which expand, bearing leaves at intervals,
Stem of a Monocotyledon.—The stem of a Mono-
cotyledon differs from that of a Dicotyledon in the
arrangement of the fibrovascular bundles. (Fig. 84.)
In a Monocotyledon the bundles are scattered *
irregtlarly through the parenchyma tissue, so
that there is no clearly-defined pith or medullary °
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rays. Again, the fibrovascular bundles, when fully
formed, contain no cambium, so that they ere said
to be closed; dicotyledonous bundles are said to be
open. As there is no cambium in the bundles of
& Monocotyledon, there is no incgease in thickness
by the formation of new rings of wood and bast.

Fig. 84.—Transverse Section of 8tem of Ruscus (monocotyledon)

Ep., Epldermis; Co., cortex; Col., hyma; F. lar hundle;
B, bast, or phloem; X, xylem.

Stem branches are formed at the growing points,
and from the two outer tissues of the stem. They
arise as buds in the axils of the leaves. As they
are formed from the outer tissues they are ssid to

+arise exogenously..

Lenticels.—If the bark of a stem (for insiance,
Horse-chestnut) be examined, small brown dots may

L4



STRUCTURE OF THE LEAF %

be seen.  These are lenticels, which during the
.summer are -filled with loose cork cells, formed
from the phellogen or cork-cambium. (Fig. 85.)
Through these loose cells gases are able to enter

Fig 85.—8ection thiough a Lenticel
Ep., Epidermis; o, cork ;bPh,, phellogen; Cx, cortex; L.0., loose cork cells

and pass out of the stem. During the winter the
_lenticels are filled with ordinary, closely-packed
cork tissue.

CHAPTER XVI
STRUCTURE OF THE LEAF

Leaves are produced at the growing points of
the stem. They consist of parenchyma, traversed
by veins—fibrovascular bundles—continuous with
the fibrovascular system of the stem.

*If a section through a leaf be examined under "
the microscope (fig. 86), it will be seen to consist
of:—



76 SIMPLE STRUCTURE

(1) A thin outer skin or epidermis. This covers
the whole of the upper surface of the leaf, consist-
ing of a single cell layer. The cells are colourless,
being devoid of chlorophyll: The upper surface of
the leaf is often covered with ,a thin layer of

(]
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Fig 86.— Diagrammatic Section of Leaf (Winter Hellebore)

cuticle, which protects the living tissues of the
leaf. -

(2) One or two layers of cells, forming the pali-
sade parenchyma. In the protoplasm of these cells
are numerous chloroplasts, which give the green
colour to the leaf.

(3) Loosely-packed cells, irregular in shape; with
many spaces in between them (intercellular spaces).
This is called the spongy parenchyma. Thesg cells
also contain chlorophyll, and the intercellular spaces
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tommunicate with the outside air by means of
openings in—

(4) The lower epidgrmis, a single ceil isyer.
similar to the upper epidermis. This layer, how-
éver, is not cont.®uous over the whole of the lower
surface, but openings called stomata oceur. (Fig.
87.) Eagh stoma’or opening is surrounded by two
cells (guard cells) which differ from the other cells

st

Fig. 87.--Burface View of Epidermis. #f, Stomata.

of the epidermis, in that they contain chlorophyll.
When the plant requires to give off water, the
guard cells separate, and the water vapour passes
from the intercellular spaces through the stomata
into the air. To prevent the giving out of water
the stomata close, so that they reguiate— ]
(@) the transpiration of the plant, as the process
of giving off of water is called; and also
(b). the absorptich and giving out of certain
gases.
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Leaf-fall.—The leaves of most of our forest treés
are deciduous, falling every year on the approach
of winter.

At the base of such leaves a layer of cork is
formed, between the leaf and the stem, practically
cutt,mg off the leaf from the food supphes, as cork
is impervious to water.

The leaf, however, remains attached to the stem
by means of the fibrovascular bundles; hut finally
these are broken, and the leaf falls, leaving a scar,
which is covered over with cork.

In the Horse-chestnut this scar is in the shape of
a horse-shoe, and the small dots are the veins or
fibrovascular bundles. (See, fig. 14.)



PART IIT
PHYSIOLOGY OF PLANTS

CHAPTER XVII
PHYSIOLOGY OF THE PLANTS

It has already been stated (Chapter XIII) that
the plant consists of, ce]ls and vessels, and that the
elements which compose the living substance of
the cells—protoplasm—are carbon, hydrogen, oxy-,
‘gen, nitrogen, su.lphur, and phosphorus. These
elements must therefore be obtained by the plant

. in spme form from its surroundings.

* It is & well-known fact that for plants to thrive
they must be supplied with a certain amount of
water. Also, by drying a plant, and weighing
.before and ‘after, the loss by weight after the
drying process is very great, showing that a large
percentage of the plant consists of water.

Experiment 1.—To illustrate the passage of water
into the plant.

Take a small bottle, fill it with golden syrup or
apy other sugar solution, and cover it with a piece
of pig’s bladder. Place the bottle in a vessel con-
taining water sufficient to cover it.

Result.—The syrup passes otit into the water

»
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through the bladder, and water passes into the
Lottle and intermingles with the syrup. '

It follows, therefore, that if two liquids of differ-
ent density be separated by & permeable membrane,
they flow through and interming?e until both be of
the same density

Also, the less dense liquid flows thréugh more
rapidly than the other. This fact may be seen
more readily by substituting a glass funnel for
the small bottle, as the liquid rises in the tube
of the funnel

Applying the experiment to the plant, the cell-
walls of the root-hairs may be compared with the
bladder; the acid cell sap with the sugar solution,
and the water of the soil with the water contained
in the vessel. The acid sap passes out into the
s0il, and the water of the soil passes into the plant,
and from cell to cell by the process of osmosis.

Experiment 2, —The acid sap passes out into the .
soil and dissolves some of the mineral salts. Take
a piece of polished marble, and sprinkle with saw-
dust. Allow cress seedlings to germinate on it.

Result.—After two or three weeks remove the.
saw-dust. The seedlings have made little grooves
in the marble, where the acid sap has dissolved the
substance of the marble.

Experiment 3.—Take a Daffodil and place its cut
end in & olution of water and ink.
' Result.—The veins of the petals are coloured
dark green, or almost black, showing that the
solution has passed up bhrough the peduncle to
the flower.
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“Experiment 4a.—To show through what part cf
‘the stem the water travels.

Take & small branch of & tree and strip off the
bark, and immerse in water coloured with ink.

"Result.—The duter layers of wood (sap-wood)
are seen to be coloured with ink, showing that the
water has®passed up through them.

Experiment 4b—Remove the sap-wood, and re-
peat the egperiment.

Result.—The leaves will probably droop, owing to
the removal of the sap-wood, the channel through
which the water travels to the leaves.

Root Pressure.—As we have already shown, the
water enters the roos-hairs of the plant, and passes
by osmosis from cell to cell through the paren-
chyma of the rogt. When absorption is active,
the cells of the parenchyma become turgid, and
the water is pressed into the wood vessels, and

-travels through these to the veins of the leaves.

The forcing of the water under pressure into the
wood vessels is termed root pressure.

Experiment 5.—Cut the branch of a vine in early
spring, and protect the cut surface from evapora-
tion.

Result.—After a short time water is seen to ooze
from the cut surface. This is due to root pressure.

Later in the summer, when the leaves are fully
expangded. transpiration becomes more active, and
thie “bleeding” due to root pressure does not be-
come 8o appa,rent.

pressure is also shown by grasses and other

low-growing plants. In the early morning drops
3608)
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of water are seen on the edges of the leaf at the
termination of the veins. The roots have absorbed"
water, and in the early morning the loss by trans-
piration is not great enough to compensate for this,
80 the water oozes out at the &hds of the veins,
Later in the day this is not observed, as tmnspua,-
tion keeps pace with absorption.,

From the veins of the leaf the water passes into

the parenchyma of the leaf, whence a large quantity
" passes out into the air in the process of transpira-
tion.

There is present, therefore, in the plant a con-
stant ascending current of water from the .oot
to the leaves.

CHAPTER XVIII
TRANSPIRATION AND ABSORPTION

Experiment 1.—To show the giving off of water.
Take a young shoot bearing leaves, and a piece of
cardboard. Place the piece of cardboard over a
vessel containing water. Through a hole in the
cardboard insert the shoot, so that the cut end .
dips into water. Over the whole place a bell-jar.

Result.—In a short time drops of moisture are
seen on the inside of the bell-jar, showing that the
leaves have given off water.

This process, by which water in the form of
water vapour is given off into the air by the
leaves, is called Transpintion. The amount. of
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Water vapour given off is regulated by special
-organs on the under surface, and sometimes on the
upper surface of the leaves, called stomats. (See
fig. 87.) Since the stomata are more numerous on
the under surfac®than on the upper, it follows that
transpiration is greater from the lower surface.

Transpiration may also be shown by covering a
growing plant with a bell-jar, but the moisture
deposited on the bell-jar is in part derived from
the surface of the soil.

Experiment 2 —To prove that plants require
something besides water.

Take a growing seedling and allow its roots to
dip into distilled watex

Result.—After a time the seedling dies, as it is
insufficiently nougished '

Plants, therefore, must absorb certain substances
from the sdil. These substances can only enter into
the, plant in solution in water, absorbed by the root-
hairs, as solids cannot pass through the cell-walls.

By burning plants, collecting the gases given off
during the process, and analysing the ash that
.remains, the elements which enter into the com-
position of the plant can be ascertained.

The gases given off during the process of burn-
ing are carbon dioxide (CO,), water vapour (H,U),
and nitrogen. The elements contained in the ash
vary 'in different plants, but the chief are: nitro-
gen, sulphur, phosphorus, potassium, magnesium,
calcium, and iron.

Thése substances must have been absorbed by
the plant in some form. ‘
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Various solutions, called Water-culture solutions,
have been prepa,xed containing these elements, and
plants grown in them.

By omitting different elements, and observing
the result on plants grown in Guch solutions, it
has been discovered which elements are essential
to the healthy growth of plants. For ihstance, if
iron be omitted, the plant does not become green,
and consequently eannot thrive.

A culture solution recommended by bn.ch-; con-
tains the following:—

¢ Potassium nitrate .. .. .. 10 gram.
Sodium chloride ... e 05,
Calcium sulphate ... . 05,
Magnesium sulphate .. 05,
Caleium phosphate e 06,

Water .. v 1000 c.c.

One part of the mixture of salts is dissolved in 50 parts of water.
For use it is diluted to 2 or 3 per mille. A drop'or two of iron
chloride must bo added to it.” (Taken from Darwin and Acton’s
Physiology of Plants.)

Experiment 3.—Grow Wallflower seedlings in
water culture solution, and others in distilled water.

Result.—Those grown in the culture solution
thrive, while those grown in distilled water die.

Experiment 4.—To prove that plants take.some-
thing from the air when in the light.

Weigh two equal quantities of cress or mustara
geeds. Allow one set to germinate and grow in
1oist earth in the light, and the other set in moist
earth in the dark for about ten days.

Result. —Those grown in the dark aré long,
straggling, and yellowish in colour, while those
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grown in the light are healthy and green. Dry
both sets in a water-bath to drive off the moisture,
and weigh.

Result.—(1) Both sefs of seedlings are heavier
than the seeds freqm which they were grown.

(2) Those grown in the light are heavier than
those gromn in the dark.

.Conclusion.—Plants grown in the light, therefore,
absorb something from their surroundings which
those grown in the dark are incapable of doing.
This is found to be carbon dioxide, which is ab-
sorbed by the leaves through the stomata from
the air in the presence of light.

GHAPTER XIX

ABSORPTION OF GASES RY THE LEAVES
FROM THE AIR

Air is a mixture of gases, the chief being oxygen
and nitrogen (and argon) with small quantities
of carbon diexide, and varying quantities of water
vapour.

Plants are not able to absorb the free nitrogen
of the air, but they obtain their nitrogen from the
soil in the form of nitrates.

Certain plants, however, belonging to the natural
order* Leguminose, are able to make use of the
free nitrogen, by means of small fungi which
live wpon the roots of such plants. The fungi,
apparently, absorb the nitrogen from the air, and
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form from it certain comnpounds of nitrogen, which
they pass on to the plant. These plants, therefore.
can live in soil devoid of nitrates, and when grown
in ordinary soil, leave it richer in nitrates than it
was before. .

The three processes connected with the mter-
change of gases between the plant and the air
are:—

(1) Respiration, (2) Asslmxla.txon, and (‘3) Trans-
piration.

(1) Respiration is the process of breathing. The
breathing process, both in plants and animals, in-
volves the absorption of oxygen and the giving
out of carbon dioxide.

Carbon dioxide is produced in the breaking
down of protoplasm during growth, and oxygen
supplies the energy required to'do this.

Tests for oxygen and carbon dioxidz, Oxygen
is & gas which supports burning. A lighted taper,
therefore, will burn in the presence of oxygen.

Carbon dioxide will not support burning. (1)
A lighted taper will be extinguished if plunged
into a vessel containing an excess of carbon
dioxide.

(2) Breathe into a test-tube of lime-water. The
lime-water appears milky, owing to the carbon °
dioxide breathed into it.

Experiment 1.—Take a glass jar, and plunge a
lighted taper into it. .

Result.—The taper continues to burn. Oxygen -
in present in the air contained in the jar. :

Experiment 2.—Soak some bean seeds for twenty-
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four hours, and allow to germinate in the bottle
after corking it up.

Result.—After a few days plunge a lighted taper
into the bottle. The tuper goes out, showing that
the germinating geeds have used up the greater part
or all of the oxygen.

Experjment 3.—Repeat the above experiment,
but msert a test-tube containing lime-water into
the bottle, and leave for u few days.

Result®—The lime-water has a milky appearance,
showing that the seeds have breathed out earbon
dioxide.

Experiment 4.—Repeat No. 2, and insert a ther-
mometer in the cork of the bottle. In a similar
bottle place some®ddmp saw-dust, and insert a
thermometer in the cork, and cover both bottles
with & bell-jar. ® Observe from time to time the
temperatuge registered by the thermometers.

Result.—The temperature of the air in the bottle
eolitaining the germinating sceds is higher than
that of the other bottle, showing that heat is given
out during respiration.

Repeat experiments 2, 3, and 4, and place in the
dark.

Result.—The results are the same, showing that
respiration goes on equally in the light and in the
dark.

‘Summary of facts regarding respiration:—

1. Respiration involves the taking in of oxygen
gnd the giving out of carbor: dioxide.

‘2. It goes on in the light and in the dark.

3. Heat is given out during vespiration.
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" Assimilation.—The green parts of a plant, during
daylight, absorb carbon dioxide from the air; by
means of the chlorophyll they break up the carbon
dioxide, and combine the ecarbon with the elements
of water (hydrogen and oxygen) to form starch.
Starch, therefore, is a compound, consisting of the
three clements —carbon, hydrogen, and, oxygen.
The oxygen of the carbon dioxide is given back to
the air through the stomata.

To prove experimentally that the abstrption of
CO, takes place during daylight by the green
leaves is very difficult, as the giving out of CO,
in respiration is going on side by side with it,
but from the presence of starch in green leaves
grown in the light, the absorption of CO, may be
inferred. :

Experiment 5.— Take some fuesh leaves of a
plant grown in the light. (Nasturtium or Lilac
answers very well)

Boil for a minute in water, and then place them °
in alcohol to deprive them of their green colouring
matter; pour over them a weak solution of iodine.

Result.—The leaf has numerous blue patches on
it, showing that starch has been formed in the leaf
during daylight.

Test for starch. Take some ordinary starch and -
pour a weak solution of iodine over it. The starch
turns blue.

Experiment 6.—Repeat experiment 5 with leaves
of a plant that has been kept in the dark.

Result.—No blue patches are seen, therefore the
leaf does not contain starch.
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. Conclusion.—The absorption of CO, takes place
only in the light, and starch is formed only in the
leaves of plants exposed to light.
Experiment 7.—Repeat experiment 5 with colour-
less leaves.
Result.—No Starch is observed. Assimilation,
therefore, takes place
only in the green
parts of plants. et el
Experiment 8. — =
Take a water plant =
(Elodea or any other),
and place it in a
beaker of  water.
Over it invert *a*
funnel, and cover the o 5

end of the funnelgvith
a test-tube filled with = “
water, and place in ™ “‘D',‘:,‘:’:::p';l,‘:;.’;:'f apparatus

sunlight. (Fig. 88.)

Result.—Bubbles rise from the leaves of the
plant, and collect in the test-tube, displacing the
water. .

Test the gas with a lighted taper. The taper
burns more brightly than in the air. The gas,
therefore, is oxygen, which is given off by green
leaves during sunlight, as the result of the breaking
up of the carbon dioxide.

Summary of facts:—

(1) Assimilation takes place during sunlight,
ceaseg in the dark.

(2) The presence of chlorophyll is necessary.
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(8) It involves absorption of CO, and the giving
out of O. )

(4) 1t results in the formation of starch, from
the carbon of CO, and thes hydrogen and oxygen
of the water, taken in by the rqot-hairs.

Comparison of— .
RESPIRATION AssIMILATION

1. Carbon dioxide is given 1. Carbon dioxide is ab-
off. sorbed.

2. Oxygen is absorbed. 2. Oxygen is givén out.

3. Takes place always, dur- 3. Takes place during day-
ing day and night. light only.

4. Takes placcover the whole 4. Takes place only in the
surface of the plant. green parts of plants. |

Respiration and assimilation ego on side by side
during daylight, but assimilation is greater than
respiration, which therefore camgiot be detected.
During darkness assimilation ceases and respira-
tion becomes evident, but the total amount of Co,
absorbed by the plant during assimilation is greater.
than that given off in respiration. Plants, there-
fore, tend to purify the air, for they use up the
poisonous gas CO, and give out O.

The starch formed in the leaves during daylight
is removed from the leaves during darkness. Starch
is not soluble in water, and therefore cannot' pass
through the cell-walls. It is changed into sugar,
and in this form is passed from cell to cell, to be
used up wherever growth is taking place, or to be
stored up again in the form of starch in tubers,
bulbs, or tap-roots, &c. c

Microsoopic Work.—Cut with a razor a thin sec-
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ion of potato and place on a glass slip in a drop of
glycerine.  Place over it a glass cover slip and
examine under the microscope.

Observe the cellular structure, and the numerous
starch grains cgntained in the cells. Stain with
iodine—the starch grains turn violet-blue in colour.

Do

¥ig. 89.—A, Cells from Potato Tuber showing Starch Granules ; B, Starch
Grains of Potato more highly magnificd
]

For the, building up of protoplasm a more com-
plex food material than starch or sugar is required.
-The sugar is combined with certain compounds
(nitrates, sulphates, and phosphates, &c.) to form
what are called proteid substances. These form
food for the protoplasm.

CHAPTER XX
GROWTH
In tracing the development of a seedling into a

plans, we see that it takes in food substances from
 the air and soil, and out of these materials builds
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up its own substance, protoplasm, cell-walls, &cs
thereby increasing in size and weight. This pro-
cess is called growth.

The processes connected -with growth have al-
ready been described, and we hgye seen that in
assimilation there is the building up of complex
substances from simpler ones, and in regpiration
the breaking down of complex substances into
simpler ones. These two processes are always at
work. When the building-up process is In excess
of the breaking-down process, growth takes place.

Some of the chief products of the building-up
process are starch and protoplasm.

Protoplasm is also constantly being broken down;
cellulose, the substance of the tell-walls, is one result
of the breaking down of protoplasm.

The conditions necessary for growth are:—

1. Warmth.—A suitable temperature, promotes
healthy growth, all other conditions being suppﬁed
Protoplasin, the living substance, is killed by in-
tense heat or cold, and without the living sub-
stance no growth can take place.

2. Air—The oxygen of the air is necessary, as it
supplies energy, required in the building up and
breaking down of substances during growth.

3. Moisture.—

(1) The cells of plants are kept in a healthy
condition by water.

(2) Many of the substances required by"the
plant enter into the plant in solution in
water.

{8) The elements of water enter into the com-
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position of starch, and therefore of proto-
plasm. Without water, therefore, growth
cannot take place.

Plants in dry regions adapt themselves to be
able to endure Yeriods of drought. They become
succulent to retain the moisture, and very often
the surffice of the leaf is protected by a thick
cuticle.

The lgaves and transpiring surfaces are some-
times reduced to lessen transpiration—for instance,
leaves may be moditied into spines.

4. Light influences plants () chemically, (b)
mechanically.

(a) Chemical effects.—(1) The green colouring
matter (chlorophyll) cannot be formed in the
absence of light, If plants, which normally con-
tain chlorophyll are placed in the dark, the green
colouring * matter disappears, and they become
yellowish in colour. This condition is said to be
etiolated.

(2) Without light the carbon dioxide of the
atmosphere cannot be assimilated by the chloro-
phyll granules.

The amount of light necessary for the formation
of starch is greater than that required for the
formation of chlorophyll.

. (b) Mechanical effects.—Plants grow more rapidly
in the dark than in the light. Light, therefore,
retards growth.

Examine a potato shoot that has been grown in
the flark. It has an etiolated appearance; the stem
has long internodes and small undeveloped leaves,
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Plants grown in the dark, as the potato shoot,
lose in weight, whereas those grown in the light
gain in weight.

The chemical effects are produced by the rays of
light towards the red end of tlt. spectrum; the
mechanical effects mainly by those towards the
blue end. Plants devoid of chlorophyll cannot
make use of the CO, of the air, and are therefore
independent of light; but they absorb thejr food in
a more complex form—i.c. they obtain their food
from decaying animal or vegetable matter upon
which they live, whence they are called saprophytes
(Gk. sapros = rotten, phyton = a plant), or from
living organisms, when they are called parasites.

Mistletoe, although a green plant, lives upon
other trees, absorbing food from them. As it has
chlorophyll, it can assimilate thé’ CO, of the air.
but it depends upon its host for the -substances
derived by the roots from the soil. Such a plant .
is a partial parasite.

5. Buitable soil or surroundings.—The plant must
have presented to it in a suitable form the elements
necessary for its nutrition. (See p. 84.)



PART IV—CLASSIFICATION

CHAPTER XXI
PHANEROGAMS OR FLOWERING PLANTS

Phanerogams are divided into two groups:—

1. Gymnosperms (GK. gymnos = naked, sperma
= seed), in which the ovules are not enclosed in
wn ovary, but a® naked.

2. Angiosperms (Gk. angos = a vessel, sperna
= seed), in which thc ovules arc contained in &
slosed vessel or ovary.

Angiosperms are divided into two classes:—

(1) Monocotyledons.
(2) Dicotyledons

1. Monocotyledons take their name from the fact
that they have one cotyledon or seed-leaf, and are
tharpeterized by having—

@) no main or tap root,

éb) scattered arrangement of fibrovascular
bundles in the stem,

() generally no increase in thickness in the

stem,
%



96 CLASSIFICATION

(d) n separable bark,

(e) parallel-veined leaves,

(f) the parts of a flower are generally three
in each whorl

2. Dicotyledons, with two cotyledons or seed-
leaves, are characterized by having— -
(a) a tap-root,
(b) fibrovascular bundles arranged in a ring
in the stem,
(c) increase in thickness in the stems by the
addition of new rings of wood,
(d) a separable bark,
(e) netted-veined leaves.
(f) the parts of a flower are two, four, or five
in each whorl

Monocotyledons and Dicotyledons are divided
into divisions, subdivisions, and natural orders.’

Smaller differences in the characters divide the
natural orders into genera, and genera into species.
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CHAPTER XXII
RANUNCULACEZ

Type—Buttercup. (Ranunculus bulbosus.)

l Joined or Posttion L8
Parts, N¢ (m]l: o o) | (acdhesion). Remarks
Calyx 5 Froe Inferior | Reflexod, hairy.
(nepals) (poly-
sepalous)
Corolla 5 freo Hypo- | Yellow, smooth,
(petals) (poly- gynous shiny; nectary
petalous) (helow the | at the base of
ovary) each petal.
Andreecinm o Free Hypo- | Anther yellow,
(stamens) | (indefi- 'gf'lfdl\ﬁ opens down the
nite) (below the | sides to shed
ovary) the pollen.
Gynwceum @ Free Superier | Ovary flat, one
(carpels) ovule in eat,h H
"tigma & point.
L

Floral Formula—K 5,C5, A, G,
Fruit—A head of achenes.
The chlef characteristics of the order are:—

1. All parts are free'and on the
receptacle.

2. Plants are herbs, except Cle-
matis, which is a shrub.

Other plants are:—

Anemone—It has an involucre
m”;:&::::c“‘l’;' of 3 leafy bracts; calyx petaloid;

corolla missing.

3. Clematis—Calyx petaloid; corolla midsing.

Tn Traveller's Joy styles are feathery.
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~ 4. Monkshood—Calyx petaloid; 1 sepal helmet-
» shaped, covering 2 petals, which are reduced to
nectaries.

5. Larkspur — Caly® petaloid; 1 back sepal
horned, 2 petal® spurred and prolonged into the
horn-shaped sepal; the nectaries are at the end of
the spuréed petals.

. 6. Hellebore or Christmas Rose—Sepals green, or
petaloid; _petals reduced to horn-shaped nectaries.

7. Columbine—Sepals petaloid: petals horned.

PAPAVERACEA

Type—Poppy. Plant a herb, with a milky juice.
Flower—Perfect, complete, regular.
Calyx—2 sepals, free, inferior; they fall off very
soon. » .
Corolla—4 petals, free, hypogy-
nous, crum'pled in the bud.
. Andrecium—Indefinite stamens,
free, hypogynous.
Gynmoeum — Indefinite carpels,
syncarpous,, superior.  Ovary is d}:‘zf:}m"‘]‘,‘:";“sy
* 1-celled, containing numerous pro-
jecting parietal placentas. Stigma capitate.
Fruit a capsule, dehiscing by numerous pores
underneath the stigmas.
-Flbral Formula—K 2,C4, A, G( ).
~ [MB—In this and the following formuls round
brackets denote cohesion, square brackets adhesion.]
-The Greater Celandine has only 2 carpels.
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CRUCIFER.E

Type—Wallflower. Plant a perennial, woody at
the base. "
Inflorescence—A raceme without bracts.
. Flower—Perfect, complete, regu-
i lar. )
Calyx—4 sepuls (in 2 whorls),
) free, inferior.

0 D .
Q% Corolla—4 petals, freo, hypogy-
nous, cruciform.

* Andrecium—~6 stamens, free, hy-
Fig. 92 —Floral da-
gram of Wallllower  pOgynous, tetradynamous (2 short
and 4 long); 4 in the inner whorl
are probably formed from 2. "
Gyneceum—2 carpels,syncarpous, superior. Ovary
2 cavities; parietal
placentstion. (See
Fruits.) .
Fruit—A siliqua.
Floral Formule—
K2 +2C4 A2
+ 2% G(2)

Characteristics:—
1. Sepals 4, in
2 whorls.
Fig. 08. —Vertical Section of Wallflower .
(Cheiranthus) 2. Cruciform co-
rolla.

3. Tetradynamous stamens.

4. Fruit a siliqua or silicula.

Many plants of this order form important atticles
of food, as tap-roots of turnip and radish. buds of
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tHe cabbage, and the axillary luds in Brussels
rsprouts, cotyledons of mustard and cress, inflores-
cence of the caulifiower, &ec.

CRRYOPHYLLACEAR

Type—ﬁreater Btitechwort. A glabrous herb, with
opposite leaves.

Tnflorescence—A dichotomous cyme.

Flower® Perfect, complete, regular.

Calyx—>5 sepals, frec, inferior.

Corolla—5 petals, free, hypogynous, petals bifid.
Andrecium — 10 stamens, free,

hypogynous.

~~

/73 Gynmceum— 3 carpels, syncarpous,

e G@Q 8\ superior. Ovary, 1-celled, placen-
. (g ”i tagion free-central.

\- / Fruit—A capsule, opening by 6
valves.
e ooy Floral Formula—K 5, C 5, A 5
+5,6G(3)

Characteristics:—

1. Stem swollen at the nodes,

2. Leaves opposite.

8. Inflorescence & dichotomous cyme.

4. Gynmeceum formed from 2, 3, or 5 carpels,
with free-central placentation. Fruit a capsule,
opening by twice as many valves as there are
carpels.

* Plants belonging to the order: Pinks, Chick-
weeds, Campions, Sandworts, &e.



102 CLASSIFICATION
MALVACEAE

Type—Common Mallow. Herb with alternate
leaves. .
Flower—Perfect, complete, regujar.
Calyx—5 sepals, joined, infericr, with an epicalyx
of 8 bracts. N
Corolla—5 petals, free, joined by short claws to
the stamen tube; twisted in the bud.
Andrecium — 5 stamehs (inde-
finitely branched) joined into a

=N S
( \ tube round the pistil (monadel-
@} phous), hypogynous. Anther, 1
\ lobe.

Gyneceum’'— Numerous carpels,

Fig 0o _plr | SYDCATPOUS, superior. ()v'zm-y nu-

dingram of Mallow  Merous cavities, ¢l ovule in ecach;
placentation axile.

Fruit—A schizocarp.

Floral Formula—K (5), [C5, A5%], G(0).

Characteristics:— -

1. The epicalyx of the flower.

2. Petals twisted in the bud.

3. Stamens monadelphous.

4. Fruit a schizocarp, splitting into many meri-
carps.

Plants belonging to the order: Mallows, Holly-
bocks.
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CHAPTER XXIII
LEGUMINOS &

Type—Bweety Pea. An annual, with alternate
compound pinnato leaves, the terminal and one or
two la.te;al pairs of leaflets converted
into tendrils.

Flower—Perfect,complete, irvegular

Calyx®-5 sepals, joined, inferior. (

Corolla—5 petals, free, perigynous.

Corolla papilionaceous, and is char-

acteristic of all British Leguminous

plants. The back petal is called the di:;fﬁ::’;;g‘::::
standard, the two® Ifteral ones the pea

wings, and the two inner front ones
. combined form the keel. The shape of the flower
is adapted to help in cross-fertilization. When a bee
visits the flower, it alights
" .o the wings and keel; the
weight of the bee depresses
the keel, the stigma pro-
trudes and. strikes against
" the under surface of the
bee’s body (which is pro-
bably dusted with pollen
from another flower), and is
therefore cross - pollinated.
. Afterwards  the postamens o ra
project from the keel, and

add fresh pollen to the under surface of the
bee.
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If cross-pollination fails, the stigma is fertilized
by pollen from its own stamens.

Androcium—10 stamens, 9 joined by their fila-
ments and 1 free (diadelphous), perigynous.

Gynmceum—1 carpel, superior. . Ovary 1 cell,
marginal placentation.

Fruit—A pod or legume. .

Floral Formula—\l/ [K(5) C5,A(9) + 1], G1.

Characteristics: — B

1. Flowers papilionaceous. ¢

2. Stamens 10, monadelphous or diadelphous.

3. Fruit a pod or legume.

Plants belonging to the order are: Clover (with
corolla attached to the stainen tube), Genista, Gorse
(provided with spines, derived both from leaves
and branches), Vetches, Medicks, &e.

ROSACEE

Type—Dog-rose. A shrub; stems provided with
prickles; leaves compound, pinnate, and stipulate.

Flower—Perfect, complete, regu-
lar.

Calyx—5 sepals, joined, inferior.

Corolin—5 petals, free, perigy-
nous.

Andrecium—Numerous stamens,
free, perigynous.

Fig. 98.—Floral .
diagram of Rose Gynsceum — Numerous  carpels,

free, superior. Placentation tasal.

The ovaries are arranged on the base and sides
of the hollow receptacle, which forms part of the
fruit called the hip. The true fruits are the



ROSACEE 105

achenes, covered with hairs, contained within the
, receptacle.

Floral Formula—{K (5),C5, A ], Gw.

The number of carpels, the nature of the re-
ceptacle, and cogsequently of the fruit, vary con-
siderably in the order.

Cherryqand Blackthorn—Gynaceum formed from
1 carpel, with 2 ovules; the ovary is enclosed
by the receptacle but not united to it. After
pollinatidh the receptacle falls off, fruit becomes
succulent and forms a drupe containing 1 seed,
as 1 ovule only develops.

Spirea—3 to 5 free carpels on a dry recep-
tacle, each containing 2 seeds. Fruit—a number
of follicles. L

Geum or Avens—Numerous carpels, free, on a

_ dry receptacle. Fruiv—a number of achenes pro-

vided with awns, hooked at the end, aiding in the
dispersal.
. Raspberry and Blackberry — Numerous carpels,
free, on a dry conical receptacle. Fruit—the
carpels become succulent forming a number of
drupels.

8trawberry — Numerous carpels, free; the re-
ceptacle becomes very much swollen and succulent.
Fruits are achenes on the outside of the receptacle.

Potentille—Numerous carpels on a slightly en-
larged receptacle. Fruit—a number of achenes.
 Pear and Apple—5 carpels completely united
to the receptacle, so that the ovary is inferior.
The receptacle becomes swollen and succulent.
Fruit—a pome.
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Hawthorn —1 or 2 carpels. Fruit similar jn
structure to the pome. but differing in the bony
character of the walls of the carpels. '

Characteristics of the Order:—

1. Sepals 5, gamosepalous.

2. Petals and stamens perigynous.

3. Carpds] 2,5, or w, apocarpous, ang superior,
except in Apple.

This order resembles Ranunculaces in some re-

" spects, but Ranunculaces has:—
1. Sepals polysepalous.
2. Hypogynous petals and stamens

UMBELLIFERZE

Type—Cow Parsmip. A tall, coarse herb with a
hollow stem, pinnately-divided lgwves, with u large
sheath at the base of the petioles.

Inflorescence— A compound um-

Vo~ bel.
ﬂ Flowers—Perfect, complete, outer
(3 @ ) ones of each inflorescence irregular.
k@ J Calyx—5 small teetk, epigynous.
Corolla—5 petals, free, epigynous.
Fig. . _mom aa.  Andrecium — 5 stamens, free,
gram of Cow Parsnip eplgynous
Gyn@ceum — 2 carpels, syncar-
pous, inferior. The two styles are united at the
base to form a disc—the nectary. Ovary 2 cavities
1 ovule in each, placentation pendulous.
Fruit—a schizocarp, splitting into 2 mericarps. -
Floral Formula—\|/ K (5), C5, A 5, G (2).
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- Characteristios of the Order:—

1. Inflorescence a compound umbel, sometimes
simple.

2. Flowers epigynous.
. 8. Fruit a schjzocarp of 2 mericarps.

Plants belonging to the order: Parsley, Carrot,
Parsnip, Celery, &c.

CHAPTER XXIV
GAMOPETALZE

Natural Otder Composite.—The chief characteristic
of this order is the inflorescence—a head or capit-
ulum. Tt consists of an involucre of bracts, sur-
. rounding & numb®r of sessile florets. The inflores-
cence has the appearance of a flower, the bracts
~ representing the calyx, and the outer florets the
torolla.

Tribe Tubulifiorm. Type—Deisy. A small herb
with radical leaves.

Inflorescence—A head consisting of—

(1) An involucre of small green bracts.

(2), A number of outer white or pink ray florets
(Fig. 100, B.)

(3) Numerous yellow disc florets. (Fig. 100, 4.}
"Ray florets—Imperfect, incomplete, irregular.

. Calyx—Absent.
* Corolla—Strap-shaped or ligulate, slightly toothed
af the top, epigynous. Y
Andrecium—Ahsent.



@ynmeeum—2 carpels, syncarpous, inferior. Ovary
1-celled, 1 ovule, basal placentation. Style endmg
in a bifid stigma. )
Floral Formula—\|/ K0, €(5), A0, G(2).
Disc fiorets—Perfect, incomplete, vegular.
Calyx—Absent.
Corolla—5 petals, joined, epigynous. , Corolla
tubular.

Andrecium—5 stamens. joined by their anthers
l

Fig. 100.~- A, Disc Floret of Daisy; B, Ray Floret of Daisy; ¢, Floret of
Dandelion; o, ovary; p, pappus; ¢, corolla; a, anther t.ube 8t, style;
8, stigma; f, filaments.

(syngenesious), forming a tube round the style
epipetalous.
Gynmceum—2 carpels, syncarpous, inferior. Ovary,
style, and stigma similar to those of the ray florets.
Floral Formula—K 0 [C (5). A (5)], G (2).
Fruit—An achene formed from an inferior ovar y
of 2 carpels, and so called a cypsela.
The Daisy belongs to the tribe of Composltte
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called Tubuliflors, because some of the florets are
tubular. This tribe includes also:—
Cornflower—Outer florets neuter (having neither
stamens nor pistils), inner tubular and perfect.
Calyx represented by a pappus. The outer florets
serve to make the head more attractive.
Thistles—All florets tubular and perfect.
. Everlastings—Some flower-heads are staminate,
and somg are pistillate. .
Tribe Ligulifiore. Type — Dan-

delion. A low herb, with radical
toothed leaves.
Inflorescencs—A head consisting

of —

(1) An involuere of bracts. Fie 100 Tl dh

(2) Numerous ligulate (strap- gf,.,,?},&;o,?,:,’:,,;
shaped) florets. XFig 100, c.)

.Florets—Perfect, complete, irregular.

Calyx—A pappus, consisting of numerous fine
hairs, superior.

Corolla—5 petals, joined, epigynous.

Andrecium—5 stamens, syngenesious, epipetalous.

Gynmeeunl—2 carpels, syncarpous, inferior. The
ovary, style, and stigma resemble those of the
florets in the Daisy.

Fruit—-A cypsela; it terminates in a long beak,
surmounted by a brush of hairs, which aids in the
dispersal of the fruit.

. Floral Formula—\|/ K (pappus), [C (5), A (5)],
C ).
AMied plants are Hawkweeds, Hawkbits, &e.



Type—Primrose A short herb
with simple radical leaves.

Inflorescence — An umbel withr short peduncle
and long pedicels. The peduncle does not rise
above the ground, so that the flowers appear to
be solitary.

Flower—Perfect, complete, regular. ,

Calyx—>5 sepals, joined, inferior.

Corolla—5 petals, joined, hypogy-
nous.

Andrecium—5 stamens, free, epi-
petalous; the stamens are opposite
the corolla lobes, and not alternate

Fig. 102.—Floral with them.
diagram of Primrose  Gyne@ceum — 5 carpels, syncar-

pous, superior. Ovary 1 cayity,
free-central placentation. The 5 carpels cannot
be seen without the aid of the microscope, but the
fruit dehisces by 10 teeth, so that the number of
carpels may be assumed. Fruit—a capsule.

The flowers are dimorphic (having two forms) .
to aid in cross-fertilization.

Floral Formula—K (5), [C(5), A0 + 5], G(5).

Characteristics:—

1. Floral whorls consist of 5 leaves.

2. Stamens opposite the corolla lobes.

3. Gynmceum consisting of 5 carpels, superior.
Placentation free-central.

Plants belonging to the order are:—Oxlips, Cow-
glips (with distinet umbels), Pimpernels (fruits -
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dehiscing by a lid), and Cyclamen (with reflexed
petals).

BORAOGINACEAE

" Type —Borage® A rough herb with aliernate
leaves.

Infloresgence—A scorpioid cyme.

Flowers—Perfect, complete, regular.

Calyx—p sepals, gamosepalous, inferior.

Carollo— 5 petals, gamopetalous, hypogynous.
Rotate, with a short tube, the mouth of the tube
closed by 5 small scales. .

Andrecium — 5 stamens, free, / \
epipetalous, alternafing with the @
corolla lobes. Anthers form an &Qﬂ % &)
erect cone round the style. W\ @

Gyn®eceum — 2 ’carpels, syncar-
pous, supertor. Ovary divides into  Fig. 105 — Floral
4, with 1 ovule in each division, 0w of Forget:
Placentation basal.

Fruit—4 nutlets:

Floral Formula—K (5), [C(5), A 5], G (2).

Characteristios:—

1. Plants roughly hairy.

2. Inflorescence—a scorpioid cyme.

'3. Stamens 5.

4. Fruit—4 nutlets.

The order closely resembles Labiata, but is dis-
tinguished from it by its more regular flowers and
its alternate leaves.

Plahts belonging to the order are: Forget-me-
not, Hound’s Tongue, Bugloss.
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3CROPHULARIACEA

Type—sigwort. A perennial with square stem
and opposite leaves.

Inflorescence—Axiilary cymes. ¢

Flowers—Perfect, complete, irregular

Calyx—5 sepals, joined, inferior. R

Corolla—5 petals, joined, hypogynous; two back
ones form an upper lip.

Andrecium—4 stamens, free, epi-
petalous, and didynamous (2 long
and 2 short); a small scale on the
upper lip represents a fifth barren
stamen or staminode.

Gynmceum' —2 carpels, syncar-
¥ig 106, promal aia, POUS suUperior. ()m-ry 2 - celled,
grum of Snapdragon UMerous  ovule. axile placenta-

tion; placenta dumb-bel! shaped.
Fruit—A capsule dehiscing by 2 valves.

stamiuode
Floral Formula—|/ K (5), [C(5), A4 + 1 + ]
G (2).
Characteristics:—

1. Flowers generally two-lipped (sometimes ro-
tate).

2. Stamens either 2, 4 (didynamous), or rarely 5;
epipetalous.

3. Gynmceum 2 carpels, syncarpous, with axile
placentation: placenta dumb-bell shaped.

In the Figwort the gynmceum matures betore
the stamens; in the Foxglove and Snapdragon
the stamens mature before the gynwceum.' The
shape of many of the flowers belonging to the
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order is adapted to the visit of certain insects; for
instance, Foxglove and Snapdragon to the visit of
bees. .

Plants belonging to the order: Foxglove and
Snapdragon with 4 stamens; Mullein with rotate

Fig. 105. --Floral diagrams A, Figwort; B, Mullein; ¢ Veronica

corolla and 5 ﬂtm{leﬁs; Veronicas, rotate corolla
and 2 stamens; Toadflax (spurred corolla); Eye-
bright, Bartsia, #nd the Rattles ure partial para-
sites. .

LABIATAE

Type — White Dead -nettle. A o~
perennial with a square stem and
opposite and decussate leaves. ( ¢ g)

Inflorescence— Verticillasters, i.e. @ &
shortly-stalked cymes in the axils of Q /
the cpposite leaves; the flowers are
so densely crowded that they appear ‘;‘;5,,‘,“:,;2;:‘,;’:;
as if in whorls round the stem.

Flowers—Perfect, complete, irregular (bilabiate).
. Calyx—b5 sepals, gamosepalous, inferior.

_Corolla —5 petals, gamopetalous, hypogynous;
bilaWiate, two petals forming the upper lip, two

lateral ones. and one forming the lower lip.
(B808) 8
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Andracium — 4 stamens, free, epipetalous, and
didynamous.

Gynmceum — 2 carpels, syncarpous, superior
Ovary divides into 4, with one ovule in each
division; placentation basal. Styie springs from
the base of the gynmecewm, and is therefore called
gynobasic. Stigma bifid.

Fruit—4 nutlets.

Floral Formula—\I/ K (5), [C(5), A4], G (2).

Characteristics:— -

1. Stem square.

2. Leaves opposite and decussate.

3. Flowers in verticillasters.

4. Flowers bilabiate. ,

5. Stamens 4, didynamous.

6. Ovary 4-celled, onc ovule in each; placentation
basal. !

Differences between Serophulariaces and Labiatae
are:—

LABIATA SUROPHULARIACEZ
1. Ovary 4-celled, placenta- 1. Ovary 2-celled, placenta-
tion basal. tion axile.
2. Fruit -4 nutlets. 2. Frut—A capsule.

And between Labiat@ and Boraginacesws:—

LaBiats BORAGINACER

1. Leaves opposite and de- 1. Leaves alternate,
vussate.

2. Flowers irregular and - 2. Flowers generally regu-
labiate. lar. '
3. Stamens 4, didynamous. 3. Stamens 5.

In the Sage there arc only 2 stamens; the' con-
nective of the stamen is long and slender, bearing
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at each end an anther lobe; the upper lobe contains
pollen, but the lower one is barren. The two
stamens with their long connective close up the
entrance to the corolla ‘tube, but on a bee visiting
the flower, the lwwer lobe is pushed back, and the
upper one comes downwards and forwards dusting
the bacli of the bee with pollen. In an older
flower the stigma has bent forward, and is in the
correct pgsition to be dusted with pollen, and hence
cross-pollination is effected.

The order Labiatee is 1 vory large one; it con-
tains numerous genera diffi-
cult to identify, as the differ-
ences hetween them are very
small. ¢

APETARAE

Natural - Order Cupulifers.
Type—Hazel (Corylus Avel-
lana). A shrub with alter-
nate leaves and 1woncecious
flowers.

Male flowers are arranged
in catkins. Each flower con-
sists of a bract and 2 brac-
teoles, with 8 stamens inscrted — Fis 107.—Catkius of Hazel
on them. & wale, @ temale lowers.

Female flowers are arranged
in a’bud. The bud consists of numerous overlap-
ping scales, of which the inner ones only are fertile.

"Thke inner scales bear 2 flowers, each surrounded
by a little jagged scale. The flower consists of an
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ovary with a rudimentary perianth on the top ol
it, and 2 styles. The ovary is 2-celled, with one
ovule in each; one cell only develops with its one
ovule, forming in fruit a’nut surrounded by the
inner jagged scale which enlarget. considerably.

CHAPTER XXV
CLASS MONOCOTYLEDONS

Division PETALOIDE

Natural Order Orckidaces.—Spotted Orchida A
perennial herb, having undgrground tubers, which
act as storehouses of food.

Inflorescence—A spike.

Flower—Perfect, complete, irrdgular.

Perianth — 6 segments, gamophylloss (joined),
guperior. The segments are 3 outer and 3 inner.
The back inner seginent becomes the front one by
the twisting of the ovary; it is spurred and much
larger than the others, forming a lower lip or
la,bellum on which the insect alights.

Andrecium—1 stamen and 2 stammodes, gynan-
drous (combined with the style).

Gynmeceum—3 carpels, syncarpous, inferior. Ovary
twisted, 1 cavity, numerous ovules, parietal pla-
centation. Stigmas 3, 2 fertile ones and 1 barrer.
one called the rostellum. C

The andreecium, style, and stigmas are united
into a structure called the Column. .

The upper part of the column is occupied by the
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2 anther lobes, each of which contains a pollinium,
»A pollinium is & club-shaped mass of pollen grains
connected by elastic threads, and prolonged at the
base into an elastic stalk® and terminated by a small
sticky surface. oThe two staminodes are lateral

projections of the column.
The 3 stigmas are at the
base of the column; two are
fertile and form a sticky
stigmatic surface above the
entrance to the spur of the
labellum; the other, placed
above the stigmatic surface,
is barren and is called the
rostellum; and on eithet side
of the projecting rostellum
.are the two sticky surfaces
of the pollinia.
 The structure of the flower
is specially adapted to cross-
fertilization.
When a bee visits the
,flower it alights on the
labellum, and in seeking
the honey the two pollinia
become attached by their

Fig 105 A, Flower of Orchid;
B, Two Pollinia, much enlarged;
L, Labellum, p, Two Inner
perianth leaves; 0y, 0y, 0,, Outer
perianth leaves; Sp., Spur of

H P‘ , P 11 g 'l
@, anther, k, rostellum, 8t.,
stigma, forming the colwnn.

* sticky bases to the bee’s head or proboscis; they
then bend forward owing to the contraction of
the stalks, and on the bee visiting another orchid,
they are in the correct position to pollinate the

stigmra.

Floral Formula—\l/ P (3 + 3),[A1 + 2+, G(3)}
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Characteristics:—

\ 1. The irregular shape of the
/ \}  flower.

) 2. The’ structure cailed the
column. ¢
N v 3. The inferior ovary with 3

Fig. 100, Flora) parietal placentas. .
dlagram of Orchis Plants belonging to the order:—

various Orchises, Cypripedium (2
stamens, 1 staminode), Helleborines, &ec.

IRIDACEE

Crocus—A perennial with an underground stem—.
a corm, and radical leaves. |

Inflorescence—Solitary.

Flower—Perfect, complete, regular.

. Perianth — ¢ “ segments, gamo-
\ phyllous, epigynous. Perianth tube
7 @ \) very long and slender.
Andrecium—3 stamens, free, epi-
phyllous.

Gyn@ceum—3 carpels, syncarpous,
inferior. Ovary 3-celléd, axile pla-
centation. The flower-stalk is very
short, so that the ovary is underground. As the
fruit ripens the flower-stalk elongates, and carries
the fruit above ground to shed its seeds.

Fruit—A capsule.

Floral Formula—[P(3 + 3), A 3], G(3).

Characteristics: —

1. Stamens 3.

2. Ovary inferiov.

L)

.

Fig 110 — Floral
diagram of Crocus
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, Plants belonging to the order: the Iris, 8 peta-
loid stigmas, the stigmatic surface being on the
under surface and protected by a lip; Freesia and
Gladiolus. .

WMARYLLIDACEE

Daffodil—A pcromual with an underground stem
—a bull, and radical icaves.

Inflorescence — Solitary, flower protected by a
iarge brct.

Flower —Regular, perfect, com-
plete.

Perianth—3 + 3 segments, gamo-
phyllous, epigynous. There is a
large outgrowth from the petals
called the corona. . Vig 111 —¥loral

Andrmcium—ii‘.q- 3 stamens, free, tiagram of Daffodil
epiphyllous. Three stamens are on
the outer peua.nth segments, and three on the inner.
. -Gynmeceum—3 (,mp«h syncarpous, inferior. Ovary
3-celled, axile placentation.

Fruit—A capsule.

Floral Formula—[P (3 + 3). A 3+3). G (3).

Characteristics: —

1. Stamens 6.

2. Ovary inferior.

Snowdrop has no corona, and perianth leaves
dire free.
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LILIACEA

Bluebell.—A perennial with an underground stem
—a bulb, and radical leaves.,
Inflorescence—A raceme; each flower has 2 bracts.
Flower—Perfect, complete, regulal.
Perianth—3 + 3 segments, joined, hypogynous.
Andrecium—3 + 3 stamens, free, sliglfcly epi-
phyllous.
Gyn@ceum—3 carpels, syncarpous, superior. Ovary
8 cells, numerous ovules, axile placentation.
Fruit—A capsule.
Florel Formula — [P (8 + 8),
A3 + 3], G(3)
@ Characteristics,—
& ) 1. Stamens 6.
2. Ovary superipr.
Fig 112, Floral Plants belonging to thcf order:—
dingram of Biuebetl  Butcher’s Broom is a small shrub
with leaf-like branches ansing in
the axils of scule leaves The true leaves are scales,
borne on the branches, and in the axils of the scales
are the flowers. The young shoots of ,Asparagus
are eaten, and the bulb of the Onion.
Comparison of the three orders:

IRIDACEZ. AMARYLLIDACEZ. LiLiaces
1. Stamens 3. 1. Stamens 6. 1. Stamens 6.
2. Ovary inferior. 2. Ovary inforior. 2. Ovary superior

DESCRIPTION OF A FLOWERING PLANT'

Name.—
Root.—Kind (fibrous or tap).
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_Btem.—Duration (iree, shrub, or herb); habit
(branched or simple, tuber, corm, bulb, or
rhizome); direction (erect, creeping, &c.);
shape (round ar angular, &c.); surface
(hairy, Sl‘ll()Oth, rough, prickly, &ec.).

Leaves.—Radical or cauline (if cauline, opposite,
alternate, or whorled), stipulate or ex-
stipulate, petiolate or sessile.

Blade—Simple or compound; shape, margin,
aPex, surface, venation

Inflorescence.—Definite or indefinite, &e.

Bracts.—Number, shape, texture, &c.

Flower.—Perfect or imperfect; complete or in-
complete; reguiar or irregular.

Calyx.—No. of sepaks, cohesion, adhesion.  Shape
of calyx (il gamosepalous); shape of sepals;
colour, &c.,

Corolla.—No. of petals, cohesion, adhesion. Shape
of corolla (if gamopetalous); shape of petals,

..~ colour, nectaries (if any)
Andrecium,—No. of stamens, cohesion, adhesion.
Filament—Shape
Anthex—Shape; attachment (innate, adnate, or
versatile); dehiscence (introrse, extrorse, or
lateral), by slits or by pores; pollen.
Gynmeceum.—No. of carpels, cohesion, adhesion.
Ovary—Shape, No. of cavities, No. of ovules,
placentation.
Style—Shape and length
. Stigma—Shape.
+ Pruit. —True or spurious, ary or succulent,
* dehiscent or indehiscent, &c.
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Floral Formula. s
Floral Diagram and diagram of longitudinal
section of flower. '
Classification.—Class,
Division.
Sub-division
Nutural order.



Absorptior. by toots, 83, by leaves

* 77, 85.

Achene, 53.

Adnate anttrs, 34
Advenlitious roots, 10
Aerial stems, 23

Air, 85, 92.

Albumen, 48.
Albuminous seeds, 12, 49
Alternate leaves, 31
Amarylldacez, g7, 119.
Andracium, 34.
Anemone, 98.
Anemophilous, 4u.
Angiosperms, gs.
Annual rings, 69,
Annuals, 16.

Annular cells, 62.
Ahther, 34

Antipodal cells, 49
JAgetalz, 11s.

Apocarpous, 36.
éple, 105,
ril, 49.

Ash, 58.

Asparagus, 120. o
Assimilation of food, 86, 88.
Avens, 58, 105

Awn, 58.

Axile placentation, 3;.
Axillafy buds, 17.

Balsam, s9.

Bark; 72

Bartsia, 113.
Basal,placentation, 1
Basal style, 111, 114-

* Rast fibres, 64.

— vessels, 63,
an sped 7.

i
Bect-r?ut. 16

INDEX

Berry, 54.

Bienmals, 16
Bilabuate, 113
Blackberry, 105
Blackthorn, 105
Kiadder Campion 112
Blade, 27.

Blceding, 81

Bluebell, 120,

Borage, 111,
Boraginacea, 97, 111,
Bract, 3.

Branching of root 67
— — slum, 74

Broom or Genista, 104
Brussels sprouts, 100,
Buds, 17.

Bugloss, 111,

Bulb, 20,

Burdock, s8.
Butcher’s Broom, 120
Buttercup, g8.

Cabbage, 101.
Calcium, 83
Calyeiflorz, 07

Calyx, 34-

Cambiam, 66.
Campion, 52, 101,
Candytuft, 42
Capitulum, 107,
Capsule, 50

Carbon, 62

Carbon dioade, 83, 8¢
Carnivorous organs, 3.
Carpels, 34

Carrot, 15, 107.
Caryophyllacez, 97, 10
Catkin, 42.
Cauliflower, 1ot
Cauline, 31.

1
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Celery, 107.
Cells, 60; contents of, 61 ; division o7,

4.
Cell-sap, 61.
Cellulose, 61, ga.
Cell-wall, 61.
Cherry, s4, 105.
Chickweeds, 101,
Chlorophyll, g3.

— granules, 61.
Christmas Rose, 47.
Ciliate, 30.
Classification, gs.
Cleavers, 8.
Cleistogamous, 47.
Clematis, 25, 98.
Climbing plants, 4.
Closed bundles, 7,
Clover, 104
Coleorluza or root-sheath, ro,
Collenchyma, /4.
Columbine, 51, gg.
Column, 116.
Composta, g7, 107.
Compound leaves, »n,
Conical root, 15.
Connecuive, 34.
Core, s5.

Cork, 63, 72.

Corm, z0, 118,
Cornflower, 42, 109,
Corolla, 34.

Corona, 119,
Cortex, 65, 68.
Corymb, 40.
Cotyledons, 8.

Cow Parsnip, 106.
Cowslip, 110,
Creeping stems. 24
Crenate, 30

Cress, 11.

Crocus, 118,
Cross-pollination, 44
Cruciferz, 97, 100
Cruciform, 100,
Cupuliferz, 11r
Cuticle, 62, 76.
Cyclamen, 112
Cymose, 40
Cypripedium, 148.
Cypsela, 108.

Daflodil, 11g.

Dahha, 5.
Daivy, 42, 107
Dandelion, 42, 58, 109.
Dead Nettle, 113.
Decussate, 113
Diefinite Inflorescence, 39.
Dehiscence of stamens, 35.
Dehiscent frug's, so.
Dentate, 30.
iadelphous, 103
Dichotomous cyme, 43, 101
Dicotyledonous stem. 68.€
Dicotyledons, gs.
Didynamous, 112
Dimorphism, r1o.
Dizcions, 44.
Disc florets, 107.
Dispersal of fruits, 57,
Dodder, 16.
Dog-rosc, 104.
Drupe, s4.
Drupel, 54
Dry fruits, so0

v
Elements in plants, 82,
Elm, 58,
Embryo, 8.
Embryo sa, 48.
Endocarp, 54
Endodermm, 65
Endogenous, 67
Endospern, g, 48
Entomophilous, 46.
Epicalyx, 102
Epicarp, s54.
Epidermis, 64, 68, 76.
Epigynz, 97.
Epigynous, . '
Epipetalous, 108.
Epiphyllous, 119.
Euolation, g3.
Everlastings, 109.
Exalbuminous, 12, 40.
Exogenous growth, 74.
Exstipulate, 121,
Extrorse, 35
Eyebright, 113.

Fertilization, ¢8.

Fibres, 15, 64, 66, 6.

Fibrous root, 14.

Fibrovascular bundles, 6s, 69, o
Fig, s7.



INDEX

Figwort, 53, 112
Filament, 34
) Flag or Inis, 118
Floral diagram, 123.
Flower, 32.
Follicle, s0.
Yood of plants, g1.
Forget-me-not, 111,
Foxglove, 112,
Free-central Placentation, 37.
Freesia, 119,,
Frut, s0.
Fanction of leaves, 27, 77.
— — roots, 13.
— -~ stems, %o.
Fundamental Tissue or Cortex, 63, 68.
Fasiform, 15

Gamopetala, 97, 107.
Gamopetalous, 34
Gamosepalous, 34.
Genista, 104.
Germination, 7.
Geum, 105.
Gladiolus, 119.
Gooseberry, s55.
Greater Celandine 9o
Bround Tiswue or Correx, M 1§
Growing point, 64
Growth, gr.  ®
Guard cells, 77.
Gymnosperms, 95
ynzeeum, 34.
nandrous, 116
nobasic, 114,

Hairs, 13.
Harebell, 0. *
Haw, s6.
Hawkbit, 109,
Hawkweed, 100
Hawthsrn, 106
Hazel, 44, 115
Head, 40, 107.
Heanwouoa, 73
Hellebore, gg.

,Hip, s6.
Hollyhocks, 102.
Honesty, sr1.
Honeyduckle, 47.
Hop, 24
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Horse-chestnut buds, 18.
Hound's Tongue. 111,
Hydrogen, 83.
Hypogynous, 38,

Increase in thickness of stem, 69, rool,
66.

Indefinite Inflorescence, £
Indehiscent fruits, so.
Indian Corn, 8,
Inferior, 8.
Inflorescence, 39.
Tnnate, 35.
Integument, 48.
Intercellular space, 70.
Internode, 17,
Introrse, 35

Involucre, 107
Indacez, 97, 118.

Ins, sz, 119

Iron, 83.

vy, 24,

Keel, 103.

Labellum, 116.
Tabata, 97, 113
Lamina, 27.

Lauceolate, 30.
Larkspur, 51, 99
Lateral dehiscence, 35
Lathyrus, 27

Leaf fall, 78

Leaves, forms of, 30. functions of, 28,

771 margin of, 30: structure of, 76

Legume, s0.
Leguminosz, 85, 97, 103
Lenticel, 74.
Leucoplasts, o1.

Light, ¢3.

Lignification, 62
Lagulate, 100.
Ligulifiorz, 10g.
Lihacez, 97, 120

Lily of the Valley, 40.
Linear, 30,

Mace, 49.
Magnesium, 83.
Maize, 8.

Mallow, 53.
Malvaces, g7, 102.

Margin of leaves, 30.
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Medicks, 104,

Medulla, 69.

Medullary rays, 66, 69, 71.
Medullary sheath, 71
Mericarp, 102,
Meristem, 64.
Meuocarp, s54.
Micropyle, 7.

Midnb, 27.

Mistletoe, 16, 04
Moisture, gz.
Monadelphous, 102,
Moneywort, 42.
Monkshood, g9.
Monocotyledon, g5, 116.
Monocotyledonous stem, 73
Monacious, 44.
Movement of water, 79.
Mucilage, 11.
Mulberry, s57.

Mullemn, 113

Mustard, 10.

Napiform, 15
Nectanies, 47.
Net-vemed leaves, 28.
Neuter flotets, 100
Nutrates, 86, qt.
Nitrogen, 83, 85
Node, 17.
Nucellus, 48.
Nucleus, 61.
Nudiflore, 97.
Nut, 53.
Nutmegs, s0.

Obcordate, 30.
Obovate, 30.

Old Man's Beard, 57, ok
QOnion, 120.
Oosphere, 48.
Qospore, 48

Open bundles, 74.
Opposite leaves, 31
Orange, 55.
Orbicular, 30.
Orchid, 116
Orchidace, 97, 116
Osmosis, 8o

Oval, 30.

Ovary, 34

Ovate, 30.

Ovules, 34

Ovum, 48.
Oxlips, 110,
Oxygen, 86, g2.

Palisade, 76.
'almate, 29.

Pansy, 47.

Papaveraced; 97, 00

Papilivnaceous, 103.

Pappus, 100

“Parallel veins, 28.

Parasites, 16, 4, 113
Parenchyma, 63.
Parietal, 37.

Parsley, 107,
Parsmp, 107.
Passage of water, 70
Pea, 103

Pear, 105.

Pedicel, 30
Peduncle, 39.
Perennials, 16
Perianth, 33.
Per.cary, so.
Pencycle, 66, 68.
Perigynons, 39.
Perisperni, 49.
Permanei? tissue, 64
Petal, 33.

Petaloida, 97, 116, ¢
Petiole, 27.
Phanerogamia, ¢6.
Phellogen, 75.
Phloem, 65, 69
Phosphates, 1.
Phosphorus, 83.
Physiology, 79.
Pimpernel, 42, 110 *
Pin-eyed Primrose, 45
Pink, 101.

— vessel, 63.
Placenta, 36.
Placentation, 36.
Plane-tree buds, 1¢
Plastids, 61

Plum, 54

Plumule, 8.

Pod, so.

Pollen, 3¢. *
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“ Pollen tube, 48,
Pollination, 44
Pollinium, 117,
Polypetalous. 3¢
Polysepalous, 34.
Pome, ss.

Poppy, 51, g5,
Formscium, 83,
Potato, 23, gr.
Potentilla, 10¢
Prickles, 26, *
Prinirose, 44, 110
Prmulacez, Y7, Tao
Prosenchyma, 63.
Proteid, g1. @
Proterandrous, 45-
Protogynous, 45
Protoplasm, 6o, 91

Raceme, 40.
Radical, 31,
Radicle, 8
Radish, 15, 100,
Ranunculacez, g7, .,
Raspherry, 1a5
Rattle, 113
Ray florets, 107
l@ccptacle, 38, s5.
Reniform, 30
Replum, 51 .
Respiration, 86
Ret-culate, 63.
Mzome, 20
r-like maikings, 19
gs of wood, 69
Root-cap, 67.
Root-hairs, 11, 65
Rootlets, 25 d
Root pressure, 81
Roots, 13, branching of, 67, functions
of, 13, increase mn thickness of, 66,
structwre of, 64.
Root-stock, 2o,
Rosaces, 97 104.
Rostelum, 114,
Rinners, 26,

~Sage, §7, 114
Paguttate, 30.
Salvia, 47
Sdnara, 58.
Sap, 619

~§-pr°phyte, %

Sapwood, 72

Scale leaves, 10, 32,
Scars, 18.
Schizacarp, 53, 102, 100G,
Sclerenchyma, 63
Scorpiuid, 43, 111.
Scrophulanace., g/, 112,
Scutellum, ¢

Seeds, 7.
Self-pallmauion, 4q.
Sepal, 32.

Scrrate, 0.
Sesaile, 27,

Sieve plates, Ay

— tules, 63, 66,
Silica, 58

Sihcula, sc.
Siqua, s0
Siuate, 30,
Snapdragon, 112.
Snowdrop, 11q.

Solutary Inflorescence 42

Spadix, 40

Spathe, 4z
Spathulate, 30,
Speedwell, 113,

Spike, 40

Spines, 26, g2, 104
Spiral cells, 6z, 66, oy,
== vessels, 63, 66, Gg.
Spungy parenchyma, 76
Spur, 47

Spurious fruit, so.
Stamen, 33

Stammate flowers, 115
Stamumode, 112, 116.
Standard, 103.

Starch, 23, 88, g1.
Stele, 63, 68.

Stem, 68,

Stigma, 34.

Stipulate, 121,
Stipules, 25, 27.
Sutchwort, jor.
Stolon, 26,

Stomata, 77, 83.
Storage organs, 15, 23.
Strawberry, 26, 56, 105
Style, 34.

Succulent fruits, so.
Suckers, 26

Sugar, go.

Sulphates, g1,
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Sulphur, 83.
Supenor, 39.
Sweet-pea, 10~
Sycamore, 58.
Syncarpous, 36.
Syngenesious 106

Tap root, 14, go.
Temperature, 13, 92.
“Tendrils, 2y,
Termmnal buds, 17.
Ternate, 29
Testd, 7.
‘Tetradynamous, 100
Thalamiflorz, 97.
Thal imus or receptacie, 38
‘Thistle, 109,
Thorns, 26,
Thrum-eyed, 44.
‘Tissues, 63,
Toad-flax, 17
Transpiration 7. Ro
Traveller's Joy, 57, ¢8.
Trimorphic, 4,
True fruit, 50

. Tuber, 20, yo
Tubuliflora, 108.
Turnp, 15, 100
Twrnng stems, 24

Unmbe!, 42.

Umbelliferz, 97, 106
Uniseaual, 44

Vacuole, 61.

+Vegetauve reproduction, 27
Veuns, 2!

Venation, 2R

Veronica, 113

Versaule, 35.
Veruaillasters, 113. .
Vessels, 63.

Vetch, 104.

Vexillum or standard 103,
Violet, 47.

Virgwia Crecper, 26

Wallflower, 47, 100.
Walnut, 54
Warmth, g2,
Water-culture, 84.
Whorled, 3t
Willow, 44
Wind-fertilized, 45.
Wigs, 103
‘Wnter buds, 1t
Wood, 65, 69.
Wood-sorrel, 47, 5c

Xylem, 65, 69

Yew, so


















