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L] THE STEM. 3

You will find then that the root avoids the hght ; that it
is pale or nearly white ; that its fibres give off mregularly
numerous delicate thread-like branches (fibrils) ; that 1t 1s
destitute of buds and leaves, and that the tips of the root
are protected by cellular sheaths.

2. Now examine the STEM.

You observe, at once, that the stem rises above the
ground, seeking rather than avoiding the light. It may
either be firm and erect, or weak and trailing. Unlike the
root, it is coloured more or less green, and not being
usually woody, we may speak of it as /erbaceous. It bears
several foliage-leaves arranged on different sides of the
stem, the lower ones usually springing in a tuft from its
base—at least while the plant is young. The upper foliage-
leaves are nearly always arranged singly or in pairs on the
stem, although sometimes the only foliage-leaves of annual
plants spring in a tuft apparently from the root.

If we examine the growing point of a young stem under a
magnifying glass, carefully dissecting away the leaves which
surround it, we shall find that to the very apex it continues
to give off successively minute lateral prominences, which
are the rudiments of leaves, either of foliage-leaves or of
flower-leaves, for they both originate upon the stem in the
same way, though they soon become different, both in their
arrangement, form, texture, and colour. In no case does
the stem terminate in a cellular sheath like that which

prntects the tips of the root.

At the extremity of the principal stem of yuur plant

if fully grown, or upon certain of its branches, you find a

tuft of coloured leaves forming a flower.

‘The branches spring from points where foliage-leaves are

given off from the stem ; each branch occupying the angle
{’Galled the axi/ of the leaf) which the leaf ma.kes with the
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1. ] ASSIMITATION. 21

shall point out when we come to speak of the minute
structure of plants.

7. We have already explained how water (oxygen and
hydrogen) finds access to the plant, as well as the mineral
substances which may be held in solution by the water.
With regard to the important element carbon, experiments
clearly show that it is absorbed in combination with oxygen,
as carbonic acid gas, which is soluble in water, and may
thus be taken up by the root. Carbonic acid gas also
occurs in the atmosphere, and green leaves, under the influ-
ence of direct sunlight, possess the power of absorbing it
directly from the air.

8. But the most remarkable circumstance attending this
absorption of carbonic acid is the liberation of oxygen gas
by the leaves, very nearly to the amount absorbed in com-
bination with the carbon of the carbonic acid gas. This
liberation of oxygen is most easily shown by taking a few
leaves which have been first soaked a day or two in water
so as to become saturated, and exposing them, plunged in
water containing carbonic acid (as ordinary spring or pump
water, in which it is always present), to direct sunlight.
Minute bubbles will be given off, under favourable circum-
stances, in a rapid and continuous stream. These bubbles
consist of almost pure oxygen.

This fixation of the carbon and liberation of the oxygen
of carbonic acid has been termed vegetable 7espiration, but
as the conditions which obtain are the reverse of those
characteristic of animal respiration, it may be more correctly
spoken of as a part of the process of vegetable assimilation.
Repeated experiments have shown that some of the parts
of the flower, seeds when germinating, and also plants
which are not coloured green, absorb oxygen from the air,
- and give off carbonic acid gas. This may be regarded as a
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CHAP. IV.] MODIEFYING CONDITIONS. 20

Opium Poppy ; Indian Mustard or Rape ; any Rose with
single flowers ; Melastoma Malabathricum ; Garden Zinnia ;
Rose Periwinkle (Vinca rosea) ; Basil (Ocymum Basilicum
or O. Sanctum, known as Tulsee); Grass-cloth Nettle
(Bahmeria nivea) ; Willow ; Colocasia Antiquorum, known
as Kuchoo, Kachalu, Ghwian, or Kandalla ; Garden Den-
drobe (Dendrobium nobile) ; any Dracena; Crinum asiaticum,
known as Buro-kanoor, Sukh-dursan, or Tolabo ; Wheat.

- There are three conditions which play a most important
part in modifying the structure of flowers, to which we must
direct attention before proceeding. These are cokesion, ad-
Leston, and suppression, The first two terms are used by
botanists to denote the union of like (cohesion) or of unlike
(adhesion) parts of the flower. Thus union of sepals with
sepals, of petals with petals, of stamen with stamen, of carpel
with carpel, is said to be due to co/esion, parts of the same
whorl or series being concerned. Union of corolla to
stamens, or of ovary to calyx, or of stamens to calyx or
corolla or to the pistil, is due to adzesion, parts of different
- whorls or series being concerned.
| The term suppression 1s used to denote the absence of
parts in a flower which, from analogy, we might expect to
find. Extended observation shows that the number of
~ sepals, of petals, and of stamens, is, in a large proportion of
flowers, the same ; or the stamens may be a multiple—
twice or three times as numerous, for example, as the petals
- or sepals. Thus, when we find that in some flowers the-
~ corolla 1s absent, in others the corolla and stamens, or the
- corolla and pistil, we speak of such parts of the flower as
- being suppressed. That this is generally a correct view to
take with respect to the absence of organs we find con-
firmatory evidence in the frequent imperfect or partial
development of such organs in plants allied in other points













Iv.] MELASTOMA. 33

sepals, but if the flower be cut vertically from below upwards
through the middle, you will observe that the five apparent
sepals are inserted upon the margin of a flask-shaped cavity,
upon the inner surface of which several carpels are borne.
This cavity is usually regarded as the fubde of the calyx, of
which the five lobes surrounding it constitute the Zméd, and
indicate, at the same time, the number of sepals composing
the calyx. Five equal petals and numerous stamens are in-
serted in the mouth of the tube, and lower down in the tube
are the numerous distinct carpels composing the pistil of
the flower, with their styles closely crowded together in the
narrow throat of the calyx-tube. The corolla and stamens
being inserted upon the calyx and not upon the floral
receptacle immediately below the pistil, as i the flowers
just examined, they are said to be perigynous. Carefully
note that the carpels are wholly free from the tube of the
calyx, although the latter rises nearly, or quite, to the level
of the stigmas. Describe the Rose as with—

Calyx znferior, gamosepalous.

Corolla perigynous, polypetalous, and regular.
Stamens perigynous, indefinite.

Pistil apocarpous, ovaries superior.

5. MELAsTOMA MavraBATHRICUM.—The calyx is com-
posed of five cohering sepals, as indicated by the five lobes
of its limb. Five equal and distinct petals and ten curious
stamens are inserted upon the calyx. Five of the stamens
~are alternate with the petals, and five are opposite to them.
A transverse section of an ovary will show that the pistil is
~ syncarpous, consisting of five carpels, as indicated by the
five cells of the ovary. The style is undivided. If a flower
be cut through vertically, you will observe that the ovary
adheres at intervals to the calyx-tube, leaving pocket-like
: D ¥
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tv.] SUMMARY. 43

may be well to review here some general characters afforded
both by the reproductive and nutritive organs, which are
common Lo all those we have already done, and which are
more or less markedly in contrast with the characters pre-
sented by the corresponding organs of the plants yet to
be examined.

In nearly all the plants examined you find the leaves with
a distinct blade and petiole ; and, if you hold the blade of
any of them up to the light, you may notice that the small
veins which ramify through it are netted zrregularly. In the
flowers, you have observed that the parts of the calyx (sepals)
and of the corolla (petals), whether free, coherent, or adherent,
are either in fours or jfives; that is, four or five to a whorl.

12. Now the characters of (1) leaves more or less dis-
tinctly narrowed at the base into a petiole ; of (2) irregularly
net-veined leaves ; and (3) the arrangement of the parts of
the flower in fours or fives (which three characters we have
found to apply more or less to all the specimens which we
have examined hitherto), are supported by other characters
afforded by the seeds and mode of growth of the wood,
which it 1s 1mportant you should correctly understand.

13. If we put a few peas upon moist earth in a flower-pot
and cover them with a bell-glass, the first stage of growth,
termed germination, of the young pea-plant may be con-
veniently observed. The essentials to germination are found
by experience to be a certain amount of moisture, warmth,
and air. If sufficiently warm (and the amount of warmth
required to commence with varies in the seeds of different
plants), moisture is absorbed by the seed, which causes it
- to swell up so as to burst the seed-skin. Oxygen also is
- absorbed from the air, and certain chemical changes, accom-
- panied with the liberation of some carbonic acid, take
place in the cells of the embryo, resulting in the solid
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v.] DENDRORBE. 51

These are the three sepals. They are free very nearly
to the base; the two lateral ones, however, are there
united into a short, obtuse, spur-like projection at the
back of the flower. The three inner leaves of the flower
are the petals ; the dissimilar concave petal with the dark
blotch being specially distinguished in this flower as the
Zip. Tt is usual in flowers like this, in which the parts
of the calyx and corolla resemble each other in colour
and texture (as well as when a calyx only or a corolla
only is present), to speak of the envelopes of the flower
collectively as perianth, calling the parts of which it is
made up the /Jeaves of the perianth. Before you can
ascertain the relation of the perianth to the ovary, and
whether to describe it as superior or inferior, it will be
needful to make a very careful examination of the flower.
First press down the extremity of the lip, say an inch below
its usual position. This will expose a minute conical body
coloured green, with a crimson apex projecting from the
centre of the flower, which had been previously concealed
by the incurved sides of the lip. This projecting cone it is
convenient to speak of as the co/umn in flowers of this kind.
The crimson tip is the anther-cell of the solitary stamen.!
Remove it with the point of a penknife, and you may
observe the two waxy longitudinally grooved microscopic
pollen-masses side by side between the minute horns of the
top of the column. Observe next the nunder face of the
column—the face turned towards the lip. It is slightly
concave, especially immediately under the anther, where
there occurs a minute glistening depression. This de-
pression is occupied by the stigma. The lower part of the
column is produced downwards a short way into the spur-

1 Be careful to secure a recently expanded flower unvisited by insects,
or the anther-case and pollen may be already removed.

E 2




52 ChRINTNM, [cHAP.

like projection of the lateral sepals, to which it is adnate.
From this consolidation of the stamen with the pistil the
former is said to be gynandrous.
Lastly, make a clean vertical
section through the centre of
a flower, cutting as nearly as
may be through the median
ine of the column and upper
part of the flower-stalk ( pedicel).
No trace of the ovary will be
found in the substance of the
column, but underneath the
attachment of the perianth,
apparently in the substance of
the upper curved extremity of
Ff,_i ff:;:ﬁﬁf:‘ﬂﬁﬁﬁ'ﬁ,';“{h‘:'f)gﬁ‘;’;":: the pedicel, indications are dis-
Ctrimiod) ti.:pl:rr;.t}:l]:f P“fﬁg";ﬁjzi cernible of numerous rudimen-
part of the ovary is also shown. tary DWIES, in three EEﬁEE, in
the obscure cavity of the ovary. The observation is diffi-
cult in this case, because in Dendrobes the ovules are usually
not perfectly developed until a considerable period after the
time of flowering. We find, therefore, an ovary sheathed
by the adherent bases of the perianth-leaves to where they
become confluent with the pedicel.
The flower of Dendrobe may be thus described :—

Perianth swperior, gamophyllous, irregular.
Stamen 1 (monandrous), gynandrous.
Pistil syncarpous, ovary inferior.

3. Crinum asiaticum (known as Sukh-dursan, Buro-
kanoor, or Tolabo).—Separate a single flower from one of
the many-flowered clusters in which they grow. The
perianth consists of a long, nearly cylindrical, or obtusely




v.] CRINUM. 53

angular tube, and a spreading limb of six equal linear
spreading or recurved segments equalling or rather shorter
than the tube. The six segments of the limb are in two
series—an inner and an outer—of three each. Lay open
the side of the perianth-tube, from top to bottom, with a

e
Al e

F1G. 37. Crinwum asiaticum.

penknife, continuing the section to the base of the short
stalk of the flower. The section will exhibit the inferior
- three-celled ovary adherent throughout to the base of the
- perianth-tube. From the top of the ovary the long style
~ is continued upward through the perianth-tube. The
- stamens are six in number, inserted upon the perianth

-
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54 DRACAENA. [CHAP.

(epiplyllous) at the base of the limb, as in Draczna,
Crinum has therefore—

Perianth superior, gamophyllous.
Stamens epiphyilous, hexandrous.
Pistil syncarpous, ovary inferior.
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Fiz. 38. Flower of Crinum.

4. DracENA (any cultivated species).—The leaves of
the perianth, six in number, resemble each other in size
and form. The perianth is therefore regular. As the
leaves of the perianth cohere by their margins to about
half their length, forming a short tube, the perianth is
gamophyllous. As it is wholly free from the ovary, it
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56 WHEAT. [CHAP.

about the middle, and take one of the lowest spikelets from
the upper half. Observe that it is attached to the stem
(axis of the spike, called the rac/kis) by its side. In some
grasses, as Rye-grass, the spikelets are attached by their
edge to the rachis. FEach spikelet consists of a pair of
nearly opposite, hard, dry, scaly leaves, called the oufer
glumes, which enclose three to
five closely imbricated flowers,
arranged alternately on opposite
sides of the axis of the spikelet.
Each flower i1s enclosed between
a flowering-glume and a pale. The
flowering-glume and pale are oppo-
site to each other, and inserted
very nearly at the same point : the
flowering-glume, however, is the
lower, and usually embraces the
pale with its incurved edges. It
is similar in form and texture to
the outer glumes, and often ter-
minates in a bristle (ewn). The
pale is generally easily distin-
Fig. 40. The two outer glumes gHIShEd b}" 1ts hﬂ.‘i-’]-.ﬂg two lateral

of a spikelet and the parts of P e S .
a single floret of Wheat, The mnerves and no midrib, indicating,

two lowest scales, right and

left, are the outer glumes; of apparently, that it may be com-

the next pair, the scale to the

right is the ﬂow:ring—gl%llz:e, PﬂSEd of two organs C-DhEI'iIlg
that to the left the pale. Then .
come the two minute lodicules, together. Between the flowering-

:,]}‘_:m_‘h"‘ stamens, and the  oJ;me and the pale are the three
free stamens and the superior

ovary crowned with two plume-like stigmas. Note also two
very minute scales, called /dicules, representing a perianth,
inserted under the ovary. Between the outer glumes and
the lowest flowering-glume of the spikelet in some grasses,
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58 EMBRYO. [CHAP. .

Dracena, and other plants just examined, the seeds are
free from the pericarp, as they are also in Dicotyledons
generally : the adhesion, in this case, may be regarded as
accidental, though it is very characteristic of the fruit of
grasses. Cutting the grain open, we find the embryo near
the base occupying about one-fourth or one-fifth of its
contents, the rest of the seed being filled with a starchy
albumen.

8. The structure of this embryo we must endeavour to
understand, though in order to make it clearly out very
careful sections must be made
through it lengthwise. The accom-
panying cut will supply a good idea
of the arrangement of its parts. We
do not find the first leaves of the
embryo opposite to each other,
Fi 4o T o eitinal sections. forming a pair of cotylr::dﬂns, as in

'fculfls::;;.:ﬂé.“rrhtﬂf'll?ﬂﬁﬁ'shc:fwﬂ:; the Bean and other Dicotyledons,

the cotyledon ¢, the plumule  Thynt they are alfernafe; the outer-
#4, and the root-buds, = ;
most only being regarded as a seed-
leaf or cotyledon. Those which it sheaths belong to the
plumule. The cotyledon being single, the embryo of Wheat
is called monocotyledonous. The lower part of the embryo 1S
the radicle. This never directly elongates in germination,
but the internal, rudimentary root-buds, 7, burst through it
and develope into the root-fibres of the plant. The pro-
cess of germination is similar to that of Dicotyledons,
with this difference in regard to the origin of the root : the
sheathing portion of the cotyledon is protruded from the
seed, and embraces the base of the plumule, which

ultimately developes into a stem. :
Now a structure similar to that of Wheat we find in the

seeds of other corn-plants. In Rice the grain (fruit) presents

iy gl
- br SR S




V. ] ; MONOCOTYLEDONS. 59

a different appearance, owing to the circumstance that in
this plant the fruit is closely invested by the pales, which
form a sort of spurious pericarp, as in Barley and Oats of
temperate countries, in which species the fruit becomes
actually adherent to the investing pales, which can only be
removed by grinding. The seeds of all of these, however,
are albuminous, corresponding, in this respect, to the seed
of the Castor-oil plant.

9. There are plants presenting so many characters in
common with the five last examined as to be universally
classed with them, although they may differ from them in
the absence of albumen in the seed, and in other points,
just as the Pea differs from the Castor-oil amongst Dicotyle-
dons. But whether albuminous or exalbuminous they are
all MONOCOTYLEDONS, with rare exceptions, so that this
term comes to be applied to a second great Class, just as
Dicotyledons is applied to the members of the class of
which we previously examined representative types. The
five plants which we have just examined all have monocoty-
ledonous embryos, excepting Dendrobe, which is exceptional,
in having an embryo destitute of a cotyledon ; they all have
parallel-veined leaves, excepting Colocasia ; and those with
a perianth have its parts in threes. Now these characters,
supported by others derived from the internal structure of
the stem, are, as a rule, common to all Monocotyledons,
and in contrast to those characters which we have shown to
prevail amongst and to mark Dicotyledons.

All flowering plants are either

DicoryLEDONS or MONOCOTYLEDONS.

With 2z cotyledons, the With 1 cotyledon, the
Embryo . . { radicle itself usually radicle usually remain-
elongating. ing undeveloped.
Leaves . -. Net-veined. Straight-veined.
Perianth . . Parts in 4's or &'s, | Parts in 3's.
Wood. . In a continuous ring. In isolated bundles,













CHAP. VL] SCHEDULES. 63

be used at present in describing the flower in the columns
of the schedule, and if any have been forgotten, to turn
back to them, by referring to the Index.

2. The column headed No. (number) is to be filled with
the real number of parts, whether free or coherent, in each
of the four series of organs (calyx, corolla, stamens, and
pistil) which compose the flower. Thus, in the Mustard-
flower there are four free sepals ; and in Rose Periwinkle
and Sweet Basil five coherent sepals. This number must,
therefore, be entered opposite to sepals, under the No.
column, and so on. These numbers, or a U opposite to an
organ, necessarily indicate Suppression, when such occurs.
Thus in Basil, with five sepals and five petals, there are but
four stamens, one being suppressed, as we infer from the
general constancy with which the parts, in each series of the
flower in plants generally, correspond in number or are
multiples. We often find, however, more direct evidence
in the presence of a rudiment of the suppressed organ.

3. The column headed Cohesion is to be filled up with
those terms which express or involve cohesion of parts, or
the absence of cohesion. Thus, were the Orange-flower
being described, gamosepalous would be entered in this
column, opposite to calyx ; the calyx being gamosepalous
owing to cohesion of the sepals. Poppy and Mustard, on
the other hand, would be described in the same place as
polysepalous, the calyx being polysepalous from the absence
of cohesion of the sepals.

4. The last column, headed Adhesion, is for terms which,
in like manner, express or involve adhesion of parts, or the
absence of adhesion. Thus, in the case of the three plants
just referred to, #nferior would be entered in this column
opposite to calyx, the calyx being inferior because there is
no adhesion between it and the ovary. Were Melastoma







i ]
A 1 T, 3 FEFYY Y O
oy LLILE - L \
+ 13 = ‘ ‘e kasl & f E
T
] . 10 [ : TN 16 1
! gl ) N o A
a B A T 7 =4 | 5







CHAP. VIL] ORGANS OF PLANTS. 67

18. The Stamens. Peculiar conditions of which are noticed under
the Natural Orders in Part II.

19. The Pistil. Homology of foliage-leaves and carpels.

20. Carpellary theory. A review of various forms of pistil. The
sutures of a carpel. The ovary and its cells.

1. Placentation.

2, Fruit and seed. Pericarp.

3. Suppression of cells of the ovary during maturation of the fruit.
Changes in different layers of the pericarp. Fruit of Mango,
Pomegranate, Orange, Gourd or Water Melon. Dry syncarpous
fruits ; capsule, nut. Dehiscent and indehiscent fruits. Achenes
of Ranunculus and Bramble. Mulberry. Fig compared with
fruit of Rose. Enumeration of principal kinds of fruit.

24. Number of seeds in the fruit. Albuminous and exalbuminous

seeds.

. WE now proceed to examine some of the different
forms assumed by the Vegetative, or, as we previously
termed them, the Nutritive, organs of Plants—viz. the
Root, Stem, and Leaves. Also, so far as previous chapters
leave it needful, the general character of the Reproductive
Organs, and especially the structure of the Fruit.

In order to avoid ambiguity, we shall find it necessary
to employ not only the substantive terms used by botanists
to denote the several organs themselves, but also the more
important of the adjective terms employed to denote special
modifications of the same. The necessary terms are very
simple, and easily learned, and, with moderate perseverance,
facihity in applying them may soon be acquired.

By carefully examining one plant every day, first filling
up a schedule from the flower, and then writing out, with
these lessons before you, a description of all the organs in
detail, very considerable progress will be made in practical
botany in the course of a single season.

In this and the following chapter, devoted to the structure
of the various organs, whenever it has appeared desirable for

tire sake ofillustration, T have named a common plant, which
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Vil.] STEM. il

excepting when they form a flowering branch. The con-
sequence 1s that their stems remain unbranched.

We have already referred to the distinction between
woody and herbaceous stems. Besides erect or ascending
annual flowering-stems, many herbaceous plants possess a
stem which either creeps upon the surface of the ground,
or which spreads wholly under the surface, giving off leafy
and flowering shoots above and roots below. This under-
ground form of creeping stem is called a 7/4izome. Beginners
are very lable to regard it as a root, and such is the
common notion respecting it. The capacity of developing
leaf-buds at regular intervals, and the presence of leaves in
the very reduced form of minute scales, indicate its true
stem character. In many plants, spreading underground
stem-branches become greatly thickened, like tuberous roots,
and serve the same end in the economy of the plant. We
have a good example .in the Potato and Yam. The “eyes”
of the Potato are leaf-buds, and shoots develope from them
when planted or placed in damp cellars. Such thickened
portions of underground stem are called Zwbers. Some-
what similar is the very short and abruptly-thickened base
of the erect stem of some herbaceous plants distinguished
under the name of ws». In the Onion, Lilies, and Crinum
we have an analogous condition, disguised by very nume-
rous, much thickened, scale-like leaves. If we peel off
these scales successively, until they be all removed, we find
a flattened or conical solid base remains, from the under
side of which root-fibres are given off. This portion is the
excessively shortened stem from which the tall flowering
peduncles arise. Stems of this kind, with the internodes
suppressed and covered by thickened, scaly leaves, are

called dulbs. They may be regarded as equally leaf and
stem formations.
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LEAVES. [Cluar.

Perennial herbs, the flowering and leafy stems of which die
down annually, often form a permanent tufted mass, called a
stock, either wholly or partially hidden under the surface of
the ground. The stock results from the persisting bases of
the leafy stems. From the axils of the scalelike leaves
which these persisting stem-bases bear the annual shoots
are thrown up each spring. The passage from plants with
this form of perennial stock to those in which more of the
exposed portion of the stem is perennial, as in bushes,
shrubs, and trees, 1s quite gradual.

The form of stems and the direction which they assume
above ground are exceedingly varied. Most of the modifi-
cations which they present are denoted by terms in ordinary
use, Thus the stem may be erect, procumbent, or prostrate;
cylindrical, angular, furrowed ; and so on.

Branches sometimes assume very anomalous forms, and
might be mistaken for distinct structures, as in the spines
of some vamneties of Orange and Lime, or the common
Flacourtia sepilaria, and in the Zendrils of the Grape-vine
and many garden Trumpetflowers (Bignonias). All spines
and tendrils, however, are not arrested or specially modified
branches ; they are often leaves or leaf-appendages.

The internal structure of the stem may be more suitably
described when we speak of cells and tissues.

4. LEAvES.—We have already spoken of leaves as originat-
ing around the growing apex of the stem as minute, cellular
projections. They are never terminal organs; neither are
they, normally, capable of forming buds upon their surface.
The arrangement of the foliage-leaves upon the stem, though
at first sight it may appear accidental, is according to a law
generally constant in the same kind of plant. Compare,
with respect to leafarrangement, a young shoot of Tamarind
with one of the Orange or Banyan. Try to find two leaves
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exactly or nearly in the same vertical line, one above the
other. In the Tamarind the upper leaf will be removed
from the lower by but two internodes; in the Orange and
Banyan, by either five or eight. When a single leaf is given
off at each node, the leaves are said to be allernate; if a
pair of opposite leaves, they are described as gpposize; 1if
three or more in a whorl, as werficiilate.

The general arrangement of the leaves is materially
affected by the extent to which the internedes of the stem
develope. In the Chinese Primrose of gardens, and Ranun-
culus, we find the lower leaves springing in a tuft from the
short stock, owing to the non-development of the lower inter-
nodes ; while in the latter the upper leaves are separated
from each other by distinct, and often long, internodes. A
parallel but more remarkable case we see in American Aloe
(Agave) and Adam’s Needle (Yucca), much cultivated
India, in which plants a succession of (really alternate)
leaves are given off from a very short stem or stock, the
internodes of which are not perceptibly developed. This
is continued until the approach of the flowering season,
when the stem suddenly begins to lengthen out, and the
leaves gradually decrease in size to mere scales. In Crinum
and Tacca they cease altogether for a long interval, leaving
the flower-stalk naked. In most deciduous trees, the inter-
nodes from which foliage-leaves are given off are tolerably
uniformly developed, but in Pine and Deodar an anomalous
condition occurs. In these trees there are two kinds of
leaf—one a small, membranous, brown scaleleaf: the
other, a green, needle-like leaf. The needle-like leaves
are arranged in tufts of 2, 3, or g in Pires, or in many-
leaved clusters in the Deodar, in consequence of the non-
development of the internodes of the excessively short
branches which bear them. That these tufts really arise
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of the blade, nor are they separately jointed to the petiole.
The portions of a simple leaf thus divided are called the
segments or lobes of the leaf.

8. Simple undivided leaves—1t will be useful practice to
try to find leaves which correspond to the various outlines
figured below. It will constantly happen that the form of
some leaves may be as correctly described by one term as

FiG. 45. Simple Leaf. FiG. 46. Compound (pinnate) Leaf.

by another ; and again, some leaves vary so much on the
same branch that they may be found to match two, three,
or more of the outline figures. In describing such leaves
you must use the terms which denote the usual extremes of
variation, as “leaves varying from lanceolate to ovate,” or
from “oblong to elliptical,” &c. - The terms may also be
combined when needful, as owvaloblong, lincar-lanceolate.

9. Simple divided leaves.—We may class these under two
series—viz. (1) those in which the segments radiate from
the extremity of a petiole, and (2) those in which they are
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with these it is not needful to burden the memory just at
present.

10. Compound leaves we shall class as we have done the
divided simple leaves, from which they differ in having the
blade divided into ZJeaflefs, which are given off from the
summit of the petiole, or from the midrib (common petiole),
as the case may be. The leaflets separate from the petiole
or midrib in the same way that the entire leaf separates
from the stem, that is, without tearing. Sometimes it is
difficult to tell whether a leaf should be called simple

FiG. 51, Pinnate Leaf. A pair of adherent (adnafe) stipules are shown at the base;
one on each side. .
or compound. Generally, however, it is plain enough.
Many beginners fall into the mistake of calling Jeafels leaves,
but a little care will rarely fail to save any one from such a
mistake. Compound leaves are either of the pinnale type,
as Rose and Tamarind, or of the digitate type, as Sterculia
fetida. The Rose leaf is unequally pinnate, because there 15
an odd leaflet at the end of the common petiole. When
the odd leaflet is absent, as in Tamarind, the leaf is equally
or abruptly pinnate. A leaf becomes twice pinnate (/-
pinnaté) when the common petiole, instead of bearing
leaflets, bears secondary petioles upon which the leaflets

are pinnately arranged.
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bipartite if divided nearly to the bLase; it is #ifid or tripartite
if there be three divisions. The base of the blade in cor-
date, sagittate, and hastate leaves we have already figured.
If the base of a sessile leaf clasp the stem, it is termed
amplexicanl. If the lobes dt each side of the base of an
amplexicaul leaf be united together on the side of the stem
opposite to the midrib, so that the stem appears to pass
through the blade, the leaf is perfoliate. If the bases of
two opposite leaves be united on each side of the stem,
the leaves are said to be comnate. Sometimes, in sessile
leaves, the margins of the blade are continued down the
sides of the stem, forming wings to it. Such leaves are
decurrent. 'When the petiole joins the blade upon its under
surface and not at the margin, as in the Sacred Lotus
(Nelumbium), the leaf is said to be peltate (Fig. 54).

The margin of the leaf varies, being sometimes perfectly
continuous and not indented or toothed at all, when it is
termed entire; it is serrafe if with sharp teeth directed for-
ward, like those of a saw ; denfate if with sharp teeth directed
outward ; ¢renate 1if with rounded teeth.

The swuzface may be more or less hairy, or altogether
without hairs, when it is termed gladrows. Different terms
are used to denote different kinds and degrees of hairiness,
but it 1s not important to learn these at present.

1z. Taking up again a specimen of the Pea or Rose,
observe on each side of the base of the petiole a leafy organ
somewhat resembling a leaflet. In the Pea these organs
are very large—larger, indeed, than the leaflets. These are
the stipules. Leaves provided with stipules are called
stipulate, and leaves destitute of them, as those of Mustard,
exstipulate. Like leaves and leaflets, the stipules vary in
form, but they are usually small, and often fall away very

early, as in the Banyan and Bread-fruit.
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spines, from the axils of which spring tufts of ordinary
foliage-leaves, borne (as in Pine and Cedar) upon branches
with undeveloped internodes. Leaves tufted in this way are
sald to be fasciculate. Stipules also are sometimes replaced
by spines. When the blade of the
leaf 1s absent, the petiole some-
times becomes flattened to such
an extent as to look like an
entire leaf, in order to replace
the blade as an organ useful to
the plant. But the flattening
is generally vertical, so that the
apparent leaf is placed edgewise
upon the stem, instead of spread-
ing horizontally. By this charac-
ter these leaf-like petioles may
be generally recognised. They
are called phyliiodes. Sometimes
the true blade is partially de-
veloped at the extremity of the
phyllode, thus putting its petiolar
character beyond doubt.

14. We cannot fail to have
observed the various ways in
which the flowers are borne
upon the stem, in gathering and
comparing together the com-
mon plants which we have had
occasion to use in the course of these lessons. It is
convenient to speak of the Flowering System, or mode
of arrangement of the flowers of plants, as the INFLO®-

ESCENCE. .
In the Sacred Lotus we find a solitary terminal flower,

Fis. 54. Sacred Lotus
(Nelunebinm speciosum).
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borne by a firm herbaceous peduncle, which appears to
spring directly from the root. Such radical peduncles,
whether they bear one flower, or many (as in Crinum and

Tacca), are called scapes.

FiG. 55. Indian Mustard (Brassica juncea). The inflorescence a raceme.

In Mustard, the peduncle, instead of ending in a solitary
flower, gives off successively a number of shortly-stalked
(pedicellate) flowers in succession, until it exhausts itself
and ceases to lengthen. Such an inflorescence is termed a
raceme.,

Common Plantain (Plantage) of waste ground has a
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of florets are arranged upon a conical or flattened disk (the
common receplacle) surrounded by an involucre. Such an
inflorescence may be called a fower-fead. The older
botanists used to regard the flower-head as a kind of com-
pound flower, enclosed in a common calyx, but we found
in the Zinnia that it was composed of a number of distinct
flowers (florets), each with its own calyx and corolla. The
ring of bract-leaves which surrounds the flower-head answers
to the ring surrounding the umbel, and is called by the same
name—involucre.

In the Poppy and Sacred Totus the peduncle (scape)
terminates in a solitary flower. In Mustard we found that
the peduncle does not itself terminate in a flower, but gives
off a succession of secondary branches (pedicels), each of
which bears a flower. If we take a Ranunculus, we shall
find that the main or primary stem of the plant directly
terminates in a flower like that of Poppy, and if, as is usual,
there is more than one flower upon the plant, the 2d, 3d,
4th flowers, and so on, terminate respectively as many
successive independent branches, springing from the axils
of the leaves. Such forms of inflorescence, in which the
peduncle, or axis, itself terminates in a flower, are termed
definite or cymose, while those inflorescences in which the
principal axis never actually terminates in a flower, but, as
in Mustard, gives off a succession of lateral pedicels, are
termed zndefinite. In the St. John's Worts (Zypericum) and
Exacum we have the cymose or definite inflorescence well
shown in their characteristic, forked ecymes.

An inflorescence which branches irregularly, like that of
Melia, Litchi, Mango, and most Grasses, 1s called a panicle.

In describing the form of an inflorescence, when it does
not exactly coincide with any of the principal types here
defined, that which is nearest may, for the present, be







i
‘r!r.‘.!g--r\:-.rr\.-"'i.- e

88 HFLOWER. [cHAP.

in size, form, and texture, from foliage-leaves to bracts may
be very gradual, but in most
plants the transition is rather
abrupt. A ring or series of
numerous bracts, enclosing
flowers or pedicels, as iIn
Zinma and Carrot, we have
called an inwvolucre. In Mus-
tard the bracts are unde-
veloped : hence the flowers
are ebracteate.

16. The organs of the
flower and their principal
modifications we ought now
to be tolerably familiar with
from schedule practice. There
are, however, a few charac-

ters of 1importance which
require further attention, ap-
plying particularly to the manner in which the parts of
the calyx and corolla are folded while in
bud (termed @stivation), to the form of the
corolla and the structure of the pistil.

In the bud, the sepals and petals (or the
lobes of a gamosepalous calyx, or of a
gamopetalous corolla) may be folded with
their margins either more or less overlap-
ping, or simply in contact without over-

- lapping. In the former case, the @stivation
Fig. 61. Flower of o jyupricate, as in the corolla of Rose,

Grape-vine. The ; : %

petalseaducousand  Dhak (Butea), and Bignonia ; in the latter

tion. valvate, as in the calyx of Clematis and the
corolla of Vine. Sometimes the calyx may be valvate and

the corolla imbricate, as in Hibiscus.

G wo. Dhak (Hueea frondosa).
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But garden Larkspur, Monkshood, and Star Anise
furnish good connecting links between
the Ranunculus and Pea ; for in these
plants you find the carpels larger than
in Ranunculus, but fewer in number,
varying from one to fifteen, and stand-
ing in a whorl around the centre of
Fic. 70, Star Anise (Z2liciwm).  the flower, Each carpel of the pistil
The fruit apocarpous. Car- -
pels uniseriate, dehiscing by of C]thﬂr 'U'f t]]EEE thIEE I}laﬂts ANSWers
their ventral sutures. . ' e s
to the pistil, consisting of one carpel,
of the Pea. In all of these plants the pistil is apocarp-
ous; the carpels, however, differ in number, as well as
in the number of ovules which they contain, and in their
mode of opening when ripe (dekiscence) to allow the seeds

to escape.

Observe that in Larkspur, Monkshood, and Star Anise
the ovules and seeds are borne upon the inner angle of the
carpels ; the same in the Pea; and the inner angle of the
carpels coincides with the axis of the flower.

Now ovules are, as a rule, marginal buds (the nature and
relation of which to ordinary leaf-buds is not yet well
understood), that is, they are borne upon margins of car-
pellary leaves; so we may conclude that the inner angle
of each carpel, upon which the seeds are arranged, answers
to the lIine of union of its infolded edges. This line is called
the ventral suture.

To take the Pea again as the simplest case—if you split
it carefully open up the edge bearing the seeds, you will
find, when laid open, that half of the seeds are on one edge,
halt on the other; each margin being alternately seed-bear-
ing. Up the middle of the opened carpel you have a strong
line or nerve (the outer angle when the carpel was closed),
which is, simply, the midrib of the carpellary leaf, answering
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of adjacent carpels. And so we often find, that when
syncarpous pistils are ripe their carpels separate from
each other, each dissepiment splitting into two plates.

21, From the circumstance that the ovules develope upon
the margins of carpels, it must follow that when two or
more carpels cohere, and their margins are infolded so as
to meet in the centre of the pistil, the ovules must also
be attached in the centre or axis. Their attachment, or
placentation, as it is termed, is then termed axile. You
find this well shown in Lily or Crinum, where there are
three carpels ; Solanum, where there are two; and Orange,
where there are many, cohering.

But in many syncarpeus pistils, although the carpels

cohere, their margins are not infolded to such a degree
as to reach the centre and become united there into an
ovule-bearing axis. When such is the case, the placentation
is described as pariefal. We find all grades
of development of these dissepiments, from
the Violet and its allies, with parietal placen-
tation (the carpels not being infolded at all,
and the ovules arranged in lines upon the
Fic. 74. Transverse  jhqide of the one-celled ovary), to the Lily,

section of a one- - : : :
celled ovary with  jp ywhich the carpellary margins are inflected

three parietal pla- . .
cenifse S dntenitokthie centre, and the placentation is con-
sequently axile. The pistil of Poppy is
intermediate ; the margins of the numerous united carpels
which compose it projecting into the cavity of the ovary
without quite reaching to the centre. The placentation of
this plant is exceptional, the ovules being spread over the
sides of the partial dissepiments, instead of being confined
to their inner edges.
In Pinks and Stitchworts the placentatlﬂn i1s axile, but

the dissepiments are lost before the ovary is fully grown,

- i b " il o
. al o i i
e e i i e e .













] al ] ! L 2
R I




VIL ] FRUIT. 101

are early obliterated, or, rather, rudimentary from their origin,
so that the fruit 1s one-celled and one-seeded : the triangular
form of the fruit still indicates 1its tricarpellary character. A
tranverse section through the entire fruit shows a thick outer
layer of the pericarp, fibrous in texture, and a thin bony
inner layer (the shell). The cavity of this inner layer (endo-
carp) is occupied by the seed. The seed is hollow, con-
sisting of a uniform layer of solid albumen closely applied
over the inner surface of the endocarp, with a portion
(the milk) unconsohidated in the cavity, and a minute embryo
occupies a little cell in the albumen at the base of the nut.

A syncarpous fruit that is dry when ripe, and which opens
(dehisces)—either by the pericarp splitting from the top to the
bottom into walves, as in Tea or Camellia, and Cotton; or
but partially from the top into Zee#%, as in Chickweeds and
Pinks ; or by little openings called pores, such as are found
in the ripe fruit of Poppy—is called a cepswle. And this
name is applied to a great variety of fruits, differing much
in size and mode of dehiscence, but all agreeing in being
syncarpous, and, when quite ripe, dry and dehiscent.

Syncarpous fruits, on the other hand, which are dry and
indehiscent—that is, which do not open, but liberate the seed
by decay, as the fruit of the Oak or of the
Buckwheat (FPolygonum)—you may simply
call nuts,

In Ranunculus a'number of distinct car-
pels collectively form the fruit, which conse-
quently we have called apocarpous. Each
carpel is dry, one-seeded, and indehiscent.
Such fruit-carpels are called ackenes. = RN

With regard to the Mulberry, the fruit of f{’l‘:lhg:f;f of
~ the Mulberry-tree, you have here the produce
~ not of a single flower, but of a short, dense spike of pistillate
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there are a few others so distinct in character as to merit
speclal names and descriptions ; but as these are confined
to certain groups of plants, they may be suitably noticed
when we come to speak of the general character of the
respective groups in Part II.

The prevalent forms of fruit, the usual structure of which
should be thoroughly understood, are as follow :—

SIMPLE FRUITS (resulting from a single flower) :

Achene, apocarpous, dry, indehiscent, usually one-seeded
(Clematis, Ranunculus, Rose).

Follicle, apocarpous, dry, dehiscing by the ventral suture
(Star Anise).

Legume, apocarpous, dry, dehiscing by both sutures
(Pea, Indigo).

Nut, properly syncarpous, dry and indehiscent, the peri-
carp usually hard and bony. -

Drupe, usually apocarpous, suceulent, indehiscent and
one-seeded, with the inner layer of the pericarp stony
(Mango, Almond, Jujube).

Berry, syncarpous, succulent, indehiscent, few or many-
seeded (Coffee, Cape Gooseberry (Physalis), Grape).

Capsule, syncarpous, dry, dehiscent (Cotton, Lily, Camellia,
Rhododendron, Trumpet-flowers).

COLLECTIVE FRUITS (resulting from two or more flowers).

24. The structure of the SEED we have already carefully
examined in the Pea, Castor-oil, and Wheat. In examining
plants, it will be sufficient at present to note whether the
seeds are solitary, definite, or indefinite in the ovary if it be
apocarpous, or in each cell of the ovary if syncarpous.
Thus the seeds are sofifary in Clematis, Cocoa-nut, Mango,
Zinnia, Sweet Basil, and Grass-cloth Nettle ; definite (few and
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consisting respectively of three or of four elementary or
simple substances. The cell-wall consists of carbon, oxygen,
and hydrogen, forming a ternary compound (celfulose). The
essential part of the cell-contents consists of the same
elements combined with nitrogen, forming a quaternary
compound. Wherever we have growth going forward, there
we have this quaternary compound in activity.

The way in which growth in plants takes place is
simply this. The contents of the cells of the growing part
divide into two, and between the halved contents there
forms a thin layer of the ternary cell-wall, which divides
each cell into two distinet cells. The new cells then in-
i crease in size until they become as large as their parent

cell, when they each divide again, and the process is re-
peated. The process is modified aecording as the cells are
to lengthen or to remain short.

9. In ebserving the tissue of a Yam or Potato, referred to
above as well adapted to show thin-walled, closely packed
cells, or of any similar farinaceous tuber or rhizome, you may
notice that the cells which are not cut into (and thus

~ emptied) in making a very thin slice are filled with very
minute obleng granules. If the slice be too thick, the

; granules are so numerous that they entirely conceal the

| delicate cell-walls. These granules, which are stored up in

1 | nearly all the cells, are called sfa7c/ granules. To compare

' with potato-starch, you may take the smallest possible pinch

of dry arrowroot and dust it upon your slide, and you will

find that the granules of which arrowroot consists, though

|| they differ a little in form, are, in other respects, like those

of potato-starch. You may make quite sure of it if you

add a small drop of weak tincture of iodine, when they

ought at once to become a deep violet ; for iodine forms

with starch a violet-coloured compound.
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of the green colour of these granules is determined by the
action of light, as may be proved by growing plants in total
darkness, when they become blanched. The granules are
not wholly composed of colouring matter, for the green
colour may be easily removed by a little spirits of wine,
leaving the granules, which are of quaternary composition,
almost unaltered.

11, Besides starch, oil, and chlorophyll, there may fre-
quently be found minute crystals, either in the form of
needles, or collected into nodules, lying in the cavity of
cells. They are called 7zaphides, and are, generally, of
subordinate importance.

12. Besides the distinction which I have pointed out
between cells and vessels, you may roughly group the
different kinds of cells as Jong or shord. Long cells are
usually thick-sided, and often taper at each end, so that
when a number of them are grown together, forming a
tissue, we find such tissue to be generally firm and tough.
Such cells, together with a few vessels, form the principal
mass of wood, of petioles, and of the #zeins of leaves. These
veins, which have nothing in common with the veins of
animals, serve as a sort of framework for the support of the
short cells which occupy their interstices. The short cells
of leaves are generally thin-walled, and during spring and
autumn they are busily engaged in elaborating the food of
the plant by the aid of the sun’s light and heat. The
bundles of long, thick-walled cells, with the vessels which
accompany them, forming the veins, we may speak of as the
fibro-vascular system, and the short cells as the cellular
system of the leaf. In the petiole the cellular system is
much reduced, and the fibro-vascular system is contracted
INto Narrow compass. '

13. The arrangement of these systems, as they are termed,
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116 EXOGENS. [CHAP.

circumference of the stem, characterised by thick-walled,
tapering cells, forming the Zder system.

The figure (89) represents a fibro-vascular bundle cut
across, showing at ¢ the layer of delicate cells, called the
cambium-layer, the cells of which divide and give off new
cells on each side—on the -inner side wood-cells (@) an
vessels (7), on the outer side fibrous liber-cells (/). In
Dicotyledons these bundles are arranged in the stem in
such a manner, at a very early stage of its growth, that
the cambium-cells of the bundles, which are side by side,
coalesce, and thus form one continuous cylinder of multi-
plying and enlarging cells. The consequence is, that in
Dicotyledons all the zwood 1s on the inside of this cambium-
cylinder, and new wood 1s de-
posited on the outside of wood
previously formed ; all the Zber,
on the other hand, is on the out-
side of the cambium, and im-
mediately within the bark—of
which, indeed, the liber is re-
garded as forming an inner layer.
Structure such as here described
Fic. go. Diagram showing the ar- 18 precisely what we find in the

rangement Of the fibro-vaseulat |ctem of a Mango, or any other

bundles [each of them wedge-

haped in cross-section) in the 3: s g s .
e e young Disstyledon. The dicotyledonous tree, which 1s said

D e her o faat. tO De exogenous, from the circum-
S ;‘i’,ﬁE“*”m"‘mbi“m'“““d“: stance that the wnud‘mcreases
by additions to its outside.

In Monocotyledons, on the other hand, the cambium-
cells of the different fibro-vascular bundles never coalesce
so as to form a cambium-cylinder: consequently they do not
form continuous rings of wood. The cambium-cells, there-

fore, soon cease their dividing and enlarging work, and the
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wood, there being as many rings as years that the stem has
existed, one ring to a year; so that by counting the rings
you may ascertain the age of the stem. The appearance of
rings, or annual zones, in the wood, arises simply from the
wood formed in summer and autumn being denser, closer
grained, and with fewer vessels than that formed in spring.

With a little care you may notice that there are, as it
were, narrow rays proceeding from the pith to the bark.
These are actual plates of cellular tissue left between the
fibro-vascular bundles, which look like narrow rays when
cut through transversely. They are called the medudlary
rays. They are usually very narrow, much narrower in most
trees than in the Oak, the wood of the common European
species of which, when cut lengthwise in the direction of
these rays, is marked by silvery patches of the cells of the
rays, forming what is called the silver-grain, which painters
imitate in painting wainscot.

It will be difficult to find the cambium-ring without using
a lens, but it i1s immediately within the da»#, which it con-
nects with, while at the same time it separates it from, the
wood. -

The outer layers of bark are usually composed of short
cells of corky texture, which serve to prevent the cambium-
layer from drying up, by checking evaporation from the
surface.

The inner or liber-layer of the bark of many plants and
trees is made use of for cordage and in cloth-making.
Hemp, sunn-hemp, jute, and flax, are all derived from this
layer, which, in the plants affording these products, is
very tough.

15. The questions now present—Through which of these
cells, or systems of cells, in the stem, is the watery sap
absorbed by the roots conveyed to the leaves? And when
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are built up of closed cells, containing fluids of various
density, and the walls of the cells are permeable. The con-
sequence 1s, that there 1s a constant transmission of fluids
going forward throughout their tissues. The direction of
the current is mainly determined by the constant evapora-
tion from the leaves, which necessarily tends to render their
cell-contents denser, so that the water taken up by the
surface-cells and hairs of the root-fibrils is impelled upwards
cell by cell, to restore the equilibrium, until it reaches the
leaves and other tissues exposed to evaporation. The
course which the ascending sap, as it 1s termed, takes has
been usually supposed to be through the cells forming the
younger layers of wood, the vessels assisting when the
current 1s rapid. This, however, is not absolutely deter-
mined. The elaborated sap (that is, the sap after having
undergone certain chemical changes, especially in the
leaves, determined by the influence of the sun) is generally
admitted to descend chiefly through the inner layers of

bark. Indeed, a rude experiment may be regarded as

strongly confirming this view. If you remove a ring of
bark from the stem of a tree, or bind it very tightly round
with a strong hoop, no wood will be formed below the ring
or hoop. On the other hand, a considerable thickening
will take place immediately above it.

From the absence of a system of vessels analogous to
that of animals, and of a pumping-engine like the heart, the
course taken by fluids in plants is comparatively very vague
and ill-defined at best. I have here merely indicated its
general course in the stems of Dicotyledons.

16. I have spoken of leaves as capable of absorbing gases,
especially carbonic-acid gas, and probably also vapour, from
the atmosphere.

If a leaf be examined carefully, it will be found covered
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- 156 NYMPAAACEA, [CHAP. 4 ‘a
Water-lilies ; the inner albumen, next to the embryo, being 4
formed within the embryo-sac (endosperm), the outer albumen 8 %

the remains of the tissue of the nucleus of the ovule 4

(perisperm). |
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I Fic. 102. Sacred Lotus (Nelumtbium speciosum). About one-tenth to

8 one-fifteenth natural size.

B Victoria regia, a South American member of the Family,

nearly allied to the prickly Zuryale of India, bears floating
leaves which have been measured twelve feet across, and
flowers about one foot in diameter when expanded.

Besides the points noted above, Nelumbium differs from

it the true Waterlilies in its peduncles and petioles rising
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166 CARYOPHYLLACE A, [cHAP.

13. Natural Order, Caryopliyllacee.—The Pink Family.
Herbs with opposite, simple leaves. Ovary one-celled,
with a free central placenta.

TvypE—Indian Pink (Dianthus chinensis).

A garden herb, with opposite, grass-like, glabrous leaves,
and terminal, solitary or fascicled red flowers blotched with
purple.

Orgar. Na, Colesian. ' Adkesion.
Calyx. Gamosepalous. Inferior.
sepals., g
Corolla, Polypetalous. Hypogynous.
petals 5
Stamens. 10 Decandrous. - YPOgynous.
Pistil. Synecarpous. Superior.
carpels. 2

Seeds o, upon a free central placenta.

OBSERVE the central placenta, free from the walls of
the ovary, by the early rupture or sup-
pression of the dissepiments.

Species of this Family abound in the
temperate zone of the northern hemi-
sphere, but are rare in the tropics,
Fic. 70, Transverse  excepting some small-flowered weed-like
- section of ovary, g

showing free cen-  plants and a few grown in gardens.

tral placentation. : .
¢ The eastern species, taken as a type,

is commonly cultivated in Indian gardens
Low-tufted species of this Family grow at a great eleva-
tion in the Himalayas, one attaining a height of 14,000 to

18,000 feet. _ _ #
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168 GCUTTIFER/. [ciar,

translucent dots when held up to the light: also the black,
glandular dots of the sepals and petals.

The flowers of A. mysorense of South India are much
larger than those of the type-species.

15. Natural Order, Gu#fifere.—The Gamboge Family.

Trees or shrubs with opposite, undivided leaves. Flowers
unisexual or polygamous. Calyx imbricate.

Tyee— Calopliylium Inoplylium.
A tree with opposite, simple, coriaceous, shining, closely
veined, entire leaves, and axillary, drooping racemes s::-f
fragrant, white, polygamous flowers.

Organ. No. Cokesion. Adhesion.
Calyx. Polysepalous. Inferior.
sepals, 4
Corolla. Polypetalous. Hypogynous. 1
Pedals. 4
& Stamens. oo Polyadelphous. Hypogynous.
2 Pistil. Syncarpous. Superior.
carpels. 2
Seeds solitary, exalbuminous.

The pistil being normally syncarpous in this Family, it is
thus described above, although the ovary is but one-celled
in Calophyllum. Compare with the embryo of the type-
species, which has large cotyledons and a short radicle, that
of the Mangosteen, grown in the Straits of Malacca, or of
any other Garcinia or Xanthockymus. In the latter genera
the embryo consists of an enormous radicle (figelum

strictly), the cotyledons being obsolete.

This well-marked tropical Family is represented in Indla.
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170 DIPTEROCARPE.E, [CHAP.

and is, alone, by no means of sufficient absolute Importance
to warrant such a genus as Tea being classed with corolli-
floral (gamapetalons) families. Note, also, the stamens, the
mnermost of which are hypogynous, while the outer ones are
more or less monadelphous and adherent to the base of the
petals.

Compare the woody capsule, dehiscing loculicidally, of
Thea and Camellia (scarcely generically distinct) with the
indehiscent berries of Sawrauja and Eurya.

The Tea-shrub, of recent years cultivated with so much
success on the cool slopes of the mountains of Northern
India, is found wild in the jungles of Assam. It has not
been noticed in the wild state in China, where its cultiva-
tion dates from an extremely remote period.

17. Natural Order, Dipterocarpee.—The Malay—Camphér
Fannly.

Trees or climbing shrubs, usually resinous, with alternate,
penni-veined, simple leaves. Two or more of the segments
of the calyx-limb usually enlarged in fruit.

Type—The Sal (Shorea robusta).

s

Organ. Ne. Coliesion. Adhesion.
Calyx. Gamosepalous. Inferior.
Sepals, =
Corolla. Polypetalous (7). Hypogynous.
Petals. I
Stamens. o Polyandrous. Hypogynous.
Pistil. Syncarpous. Superior.
carfels. 3

Seeds exalbuminous.
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The Family abounds in a resin which is collected from
several species, as PVateria indica, which affords Indian
Copal. Our type-species, besides furnishing a balsamic
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1 ; 1 ies of Dipterocarpus @ the calyx persistent ; the tube
EX !’ G Fr::c?gs?n?etﬁrimy -ﬁ:d two nf the lobes accrescent.
resin, yields one of the most valuable of Indian timbers.

Sumatra Camphor is the resin of a Dryobalanops. It is
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174 MALVACE A, [cizAp.

Organ. V. Cakesion. I Adhesion. |
Calyx. Gamosepalous. Inferior.
sepals, 5 i
|
8 |
Corolla. Polypetalous. Inserted on stamens. |
petals, 5
|  Stamens. | o Monadelphous. ! Hypogynous, 5
|
Pistil. Syncarpous. Superior.
|
| carpeds. 5 |

= —

OzBseErRVE the whorl of numerous, narrow bracts, imme-
diately under the calyx ; in Cotton (Gossypium) the bracts
are three in number, very large and cordate, and must not
be mistaken for sepals: the valvate astivation of the calyx-
lobes and imbricate (contorted) @stivation of the petals :
the staminal tube five-toothed at the top, giving off, from the
side of the tube, very numerous filaments, bearing one-

celled anthers: the large-grained pollen, which, examined 1

under a magnifier, is found to be rough with minute
projecting points. '

Plants of this Family are destitute of noxious properties.
Many of them are mucilaginous, and the liber affords a

useful fibre. The species of pre-eminent importance are the
cotton-producing plants belonging to the genus Gossypiun,

several varieties of two or three species of which are now

very extensively cultivated in India. Cotton consists of the

delicate, long, thin-walled hairs which clothe the seeds.
These hairs, when dry, become flattened and twisted. The

commercial value of the Cotton depends upon the length
and tenacity of these hair-cells. A useful lamp-oil is
expressed from the seeds of the Cotton-plant, and the
‘refuse may be compressed into an oil-cake for feeding

cattle.
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1938 LEGUMINOSA. [cHAP.

matured underground); Cassiz Zistula (cylindrical, inde-
hiscent, divided by spurious transverse plates developed
from the endocarp into one-seeded cells); Guilandina (de-
{ hiscent, prickly) ; Enfada (huge, sword-shaped, indehiscent,
several feet in length, the valves separating into one-seeded
articles, which fall from the thickened and consolidated
sutures) ; Zamarindus, the Tamarind (indehiscent, with the
e seeds immersed in an acid pulp); Albizsia Lebbek (thin and 8
i papery legumes, breaking up into one-seeded articles) |

.......______.

S

Fic. 126. Tamarind (Tamarndus indica): a detached legume to the left. About .
one-third natural size. : ]

-

The seeds of Leguminos® are generally exalbuminous,
but in a few genera, as Cassia, some albumen is present.
Of species serviceable to man we can here notice but few:













T = T

202 ROSACEA. : [cHAP,

.

so-called calyx-tube.

OBSERVE the prickles of Bramble and Rose, differing from
spines (page 72) in being processes of the bark and not
developments of the axis. Compare the arrangement of the

i

i

F

|
]‘ and bound together by the succulent enlargement of the
f

|

=)
A
.'rf‘ |
1 .,L ! II
Stit)
F1G. 128. Transverse section Fii. 129, Fruit of Bramble Fic. 130. Single
of a pomaceous fruit. (Krbus). drupel of Bramble.

carpels in the genera Bramble and Rose. In both the carpels
are wholly free from each other, as well as from the calyx-
tube ; but in the latter they are arranged upon the inside of

F1G. 131. Fruit of Strawberry. FiG. 132. Vertical section of flower
of Rose (Rosa).

the urn- or flask-shaped tube of the calyx (regarded by some
botanists as a hollowed receptacle), while in the former they
are disposed upon a conical projecting receptacle. In

‘the European Strawberry the arrangement of the carpels _.
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204 CELASTRACE.ZE. " [cHAP.

A more or less chmbing pubescent shrub, with opposite
or nearly opposite, simple, entire leaves, and terminal and
axillary lax spikes of slender, reddish flowers.

With Quisqualis compare Terminalia Calappa—a large
ornamental tree, common 1in gardens, with simple entire
leaves clustered towards the ends of the branches, and
small, whitish, apetalous, polygamous flowers, in axillary,
simple, erect racemes.

OBseErVE the one-celled ovary with pendulous ovules,
characteristic of the Family : the spirally twl‘;ted cotyledons
of the single seed of the Terminalias.

The kernels of the fruit of 7. Catappa are in much esteem.
They are eaten as Almonds. The fruits—Myrobolans—of
other species of Zerminalia (7. Bellerica and 7. Chebula) are
astringent, and are exported to Britain for the use of tanners,
&c. Some of the Terminalias are valuable timber-trees.

3%. Natural Order, Celastracee.—The Spindle-tree Family,

Shrubs or trees, with opposite or alternate simple leaves
and minute flowers. Ovary more or less immersed in a
disk. Stamens alternate with the petals and equal in

number, or only three.
TyrE— Ceélastrus paniculatus.

Orgarn. Ne, Cokesion. Adhesion.
Calyx. Gamosepalous. Inferior.
sepals. 5
Corolla. Polypetalous. Perigynous.
petals. 5
Stamens. 5 Pentandrous. Perigynous.
Pistil. Syncarpous. Superior.
carpels. 3
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240 ASCLEPIADACEAE. [ciiap.

| Tvpe—The Mudar (Calotropis gigantea). :

J. One of the commonest shrubs of India, abounding in
milky juice ; erect, smooth, with opposite entire leaves, and

p——

|

i

|

|

|

L

F | Fic. 146. Mudar (Calotropis gigantea), reduced. A ripe follicle to the
E i left below.

interpetiolar (not axillary, but from between the petioles on
one side of the stem) umbels of pretty rose and purple

1
i
]
'3 flowers.
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242 LOGANIACEA, [cHAP.

61. Natural Order, Loganiacee.—The Strychnos Family,

Trees, shrubs, or herbs, with opposite entire leaves, often
with interpetiolar stipules. Stamens alternate with corolla-
lobes. Ovary two- (or more-) celled, with axile placentas.

TypE—Nux-vomica (Strychnos nux-vomica).

A tree with opposite, broadly ovate, entire, three- to
five-nerved leaves, interpetiolar stipules, small, rounded,
terminal, cymose panicles of greenish-white flowers, and
orange-yellow fruits. :

Organ. No. | Colesion. Adhesion.
Calyx. Gamosepalous. Inferior.
sepals. 5
Corolla. Gamopetalous. Hypogynous.
Fetals. 5
Stamens. 5 Pentandrous. Epipetalous.
Pistil. ' Syncarpous. Superior.
carpels. 2

Many genera of this Family may be regarded as Rubiacez
with a superior ovary. Like that Family they are usually
provided with interpetiolar stipules.

Some of the species differ very much in habit from
Strychnos ; but as none of them fill an important part n
Indian vegetation, it is not needful to refer to them here.
Several of the Family are virulently poisonous ; few more so
than the Nux-vomica itself, from the seeds of which the
alkaloid Strychnia is prepared. The seeds of a close ally,
S. potatorum, are used in India as “clearing-nuts,” causing
the impurities of water to settle to the bottom when
poured into vessels which have been rubbed out with one

of the seeds.
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244 BIGNONITACEAE, [cHAP.

63. Natural Order, Bignoniacew.—The Bign(}ni;.-:i Family,

|

J Trees or climbing shrubs, with opposite, usually compound,
I exstipulate leaves. Flowers irregular. Stamens usually fewer
| than corolla-lobes. Ovary two-celled. Seeds numerous,
winged.

B

A FiG. 147. Bignonia indica; a capsule to the left : much rel:lum;u.
Type— Bignonia (Calosanthes) indica.

A large tree, with large, opposite, pinnately divided
leaves (four to six feet long), terminal racemose panicles
of trumpet-shaped, red or purple, slightly two-lipped
flowers, and very long, flattened, two-valved capsules.
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246 PEDALTACEA, [cHAP,

Type—The Til, or Gingeley Plant (Sesamum indicum).

An annual pubescent herb, everywhere cultivated, two to
four feet tall, with entire or three-lobed leaves and axillary,
slightly bilabiate, pale rose-coloured flowers, forming ter-
minal racemes.

|  Organ Ne. | Cokesion. Adkesion.
Calyx. Gamosepalous, Inferior.
sepals. L)
Corolla. Gamopetalous. Hypogynous.
tetals. 5
Stamens. 4 Didynamous, Epipetalous.
Pistil. Synearpous. Superior.
crarpels. 2

This small Family may almost be regarded as a Tribe of
the foregoing.

OBSERVE the rudiment of the fifth stamen: the ovary
spuriously four-celled, owing to the margins of the carpels
being recurved so as to meet the dorsal sutures. The
Type of the Family is the familiar Gingeley-oil plant, culti-
vated very extensively in warm countries for the sake of the
oil expressed from its seeds.

Near allies of the Sesamums are the Cyrfandree, a tribe
of the Family Gesneracee, including many herbs with very
pretty flowers of the mountain valleys of India and of the
Malayan islands. The species are so local that it is difficult to
select a serviceable type. Some of the more beautiful Indian
species belong to the genera Zschynanthus and Didymo-
carpus. ‘They have usually tailed seeds, contained in long,
straight or spirally twisted, very slender, siliquiform cap-
sules. The beautiful Gloxinia and Achimenes of gardens
are tropical American members of the Family.

At i e
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248 BORAGINACE AR, [cHAP.

The Sweet Potato (Batatas edulis) is cultivated everywhere
in tropical countries. It is the most important food-pro-
ducing species of the Family. Its native country is uncertain,
but evidence favours its American origin. Many of the
Bindweeds are useful in medicine. A Mexican species
(Exogonium Purga) affords the drug Jalap, and a Conwvolvulus
of the Levant (C. Scammonia) Scammony.

The Dodders (Cuscute) constitute a remarkable Sub-
type of this Family. They are twining, leafless, parasitical
herbs, with small white corollas, often with minute scales
inside, alternating with the stamens. Their embryo is
spirally twisted, and is usually destitute of cotyledons. It
germinates independently in the soil, but as early as possible
lays hold of some neighbouring plant, to which it attaches
itself by small suckers given off by its stem. One species,
C. r¢flexa, is common in India.

66. Natural Order, Boraginacee.—The Borage Family.

Herbs, shrubs, or rarely trees, with alternate, simple,
often rough leaves, and unilateral cymose inflorescence.
Flowers regular, with stamens alternate with corolla-lobes.

Ovary, four- (rarely two-) lobed, four- (two-) seeded.

Organ. Na. Cohesion. Adkesion.
Calyx. Gamosepalous. Inferior.
sepals. "

Corolla. Gamopetalous. Hypogynous.
petals. 5
1 Stamens. 5 Pentandrous. - Epipetalous.
{ Pistil. Syucarpuus.h Superior.
1 ecarpels. 2
Seeds, one in each cell of the four-lobed ovary.
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quite regular. Stamens alternate with corolla-lobes. Ovary

‘ 250 SOLANACE /. [cHAP,
'f
| two-celled. Seeds indefinite,

i

TYPE—Solanum Jacquinii.

I ,o:q’f* -C".L,J- f

e

| " Fig. 140. Solamsum ?’.s:cgrm}ﬁz'. one-third to one-half the na.tural size.

A very prickly, spreading or creeping biennial or perennial,
with alternate or geminate lobed or pinnatifid leaves,
extra-axillary peduncles bearing a few blue or purplish
flowers, and yellow or pale-coloured berries.
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find that even the most useful food-products of the Family
require to be cooked before they are fitted for use. The
most important food-producing species are the Potato (:Se-
lanum esculentum), a South American herb, cultivated for
the sake of its tubers throughout temperate countries, the
Aubergine, and the Tomato (Zycopersicum). The so-called
Cape Gooseberry (Physalis peruviana) is very common in
India. The pulpy berry, which is wholly concealed within
the yellowish, persistent, and accrescent calyx, is edible.
The scarlet or orange-yellow fruits of species of Capsicum
are everywhere used as a condiment.

The narcotic and poisonous species include Tobacco
(Nicotiana), Deadly Nightshade (A#rgpa), Henbane (Hjyos-
¢cyamus), and many others.

68. Natural Order, Scrophulariacee—The Figwort Family.

Usually herbs with opposite or alternate leaves, and
irregular flowers. Stamens fewer than corolla- 1obes. Ovar}
two-celled. Seeds indefinite.

TyrE—Maurandya semperflorens.

Ongar. No, - Cohlesion, Adhesion,
Calyx. Gamosepalous. Inferior.
reperls. 5
Corolla. Gamopetalous. Hypogynous.
petals., 5 '

Stamens. 4 Didynamous. Epipetalous.
Pistil. Syncarpous. Superior.
cearpels. z

Seeds @, albuminous.

A climbing (garden) herb, with alternate, hastate leaves,
and axillary, solitary, pedunculate, irregular, rose-coloured
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i1s one-celled, with two double and much-branched placentas,
covered with ovules. They are often found on the roots of
grasses ; Aeég. pedunculata on that of the Kus-kus (dndropogon
MUFIEAtUs).

Many gay garden-flowers belong to the Figwort Family,
as Calceolaria, Pentstemon, Pawlownia, Mimulus, and Torenia.
It affords, however, but few plants of economic wvalue,
excepting as medicines.

69. Natural Order, Lentibulariacee.—The Butterwort Family.

Herbs growing in water or damp places. Flowers two-
lipped. Stamens two. Ovary one-celled, with a free central
placenta.

TyrE— Utricularia stellaris.

]

" '..-':'E-"
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FiG. 150. Utricularia stellars.

A floating plant, the submerged leaves with capillary
segments bearing small bladders, and an erect peduncle
with a whorl of inflated vesicles below, terminating in a
raceme of irregular yellow flowers.
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258 LABTATA, [cHAP,

An erect or ascending aromatic shrub, with square stem,
opposite, simple leaves, and terminal racemes of white or
pink, bilabiate flowers, arranged in six-flowered verticil-
lasters.

Drean, No. | Coltesion. ‘ Ji'rff:f S, ‘
5 o || e S R T
Calyx. | . [-r umosepalons. Ini’cr OF. ‘
.Tr"‘.."-'r.'.!'l.'r. 5 |
i : |
| e ——
Corolla. | {:: |.nw;:rLL:|.lnu~1 | II} POgYRous. !
petals, 5 |
Stamens. 4 | Didynamous. I Epipetalous. |
Pistil. | , Syncarpous. ! Superior. .i
carpels. 2

R

Seeds solitary, in each of the four lobes of the fruit.

OBSERVE the square stem and invariably opposite leaves of
the Family: the apparently whorled flowers of the Type, made
up of a pair of opposite three-flowered cymes: the upper
tooth of the calyx of Sweet Basil, which enlarges after flower-
ing, becoming membranous, with decurrent adnate margins :

- the diandrous flowers of Sa/via, with the anther-cells removed

from each other by a long (distractile) connective, which
must not be mistaken for the true filament, which is very
short : the four-lobed ovary, similar to that of Borages
(page 248), with the style rising from between the lobes
(gynobasic).

A large, widely-distributed Family, characterised by
aromatic properties. None of the species are hurtful, and
many are useful pot-herbs, as Mint (Ment/a), Marjoram
(Origanum), Thyme (Z7ymus), Sage (Salvia), and our Type-
species, The fragrant oils of some species, as Lavender
(Lavendula) and Patchouli (Pogostemon), are in request as
perfumes, while others are serviceable stimulant medicines.
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260 MYRSINACE A, [cHAP,

| several species of the genera Zantana and Clerodendron
i are sought after for the beauty of their flowers. The only

FiG. 153. Teak (Tectona grandes). To the left the accrescent calyx,
enclosing the fruit.

British representative of the Family, Verbena officinalis, is a
wide-spread weed, with inconspicuous flowers, sufficiently
common in India.

73. Natural Order, Myrsinacee.—The Ardisia Family.

Trees or shrubs, with alternate, simple leaves, and regular
flowers. Stamens five or four, opposite lobes of corolla.
| Ovary one-celled, with free central placenta.
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266 CHENOFPODIACE/E. [cHAP.

Or, in lieu of the above, the Marvel of Peru (Mirabilis),
frequent in gardens, with white, crimson, yellow, or varie-
gated flowers,

OBSERVE the opposite leaves, one of cach pair being
generally smaller than the other: the fiveleaved involucre
of Mirabilis, which must not be mistaken for a calyx: the
perianth contracted immediately above the ovary, to which it
1s not adherent. The upper portion of the perianth separates
at the contraction after flowering, and the lower part of the
perianth persists, becomes more or less hardened, and,
enlarging, forms an outer envelope of the fruit. A similar
condition occurs in the Zleagnus Family. One or two
species of the South American genus JBowugainvillea have
large membranous, beautiful rose-coloured bracts, which
render them favourite ornamental garden plants.

78. Natural Order, Chenopodiacee.—The Goosefoot Family.

Usually herbs with alternate or opposite leaves, and

" minute, herbaceous flowers. Ovary one-celled, -uniovulate,

with two or three stigmas.

TyrE—Common Goosefoot ( Chenopodium album).

FiG. 156. Vertical section of flower of Goosefoot (Chengpodium).

An erect, annual, more or less mealy herb (two to eight
feet high), with alternate leaves, and leafy, interrupted
panicles of minute, clustered, greenish flowers.
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272 URTICACE . [cHAP.

SUB-TYPE I—DBanyan, or Indian Fig (Ficus benghalensis),
or the Peepul (7. religiosa). Flowers unisexual, in sessile,
axillary, globular receptacles (Figs). Male and female
flowers in the same Fig. Perianth three- to five-lobed : male
flowers with a single stamen.

OpserRVE the adventitious roots given off freely by the
branches (of the Banyan and many other species of Ficus),
which descend and take root in the soil, thus enabling the
tree to spread itself over a wide area. QObserve, also, the
large deciduous stipules, which leave ring-like scars at the
base of the leaves when they fall. The stipules of some
species (/. elastica, &c.) are well adapted for exhibiting
the milk-sap canals #z sif# under the microscope. The
margin of a young stipule should be placed in focus, and
then pressure applied, or a wound made in some part of
the stipule out of the field of view. This occasions a
rapid movement or emptying of the fluid, apparently from
the elasticity of the walls of the canals which contain
it. Some botanists have thought that these canals formed
a circulatory system analogous to the veins and arteries
of animals, but this notion is not supported by careful
observation. Note the succulent, hollow receptacle, the
top of which is closed” by minute scales. The flowers
are very minute, and are closely packed on the inner surface
of the common receptacle. When the fig is ripe, the
individual fruits are commonly, but incorrectly, called the
seeds. The common receptacle of Fig resembles the
receptacle of Rose, with this important difference, that
instead of enclosing the fruit-carpels of a single flower
it encloses those of an indefinite number of flowers.

SuB-TvPE 2— Jack-fruit Tree (Artocarpus integrifolia).
A tree much cultivated in Southern India, with stipulate
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| Oran, No Colteston, Adfesion, |
]-”l.:ri:t_n_t]l. e -_j"l.rl:,'ph'_-,'j'_uur:, - Inferior. |
| deaves. G |
1-5‘;;1.1:3]5. 3[-_5] l_ Monadelphous. __l
| @ Pistil, | S}rnmr_puuti. Superior. |
|
|

i oo ?'J.I‘Jr.r'.i. a |

— e e

OBSERVE the leaves disposed along the twigs in two rows,
so that the latter resemble long pinnate leaves: the two-
ovuled cells of the ovary, as in Cicca, common in gardens,
cultivated for the sake of its succulent fruit, which is eaten
or made up in preserves.

A large number of species of the Spurgé Family are
dangerously poisonous, and many afford very valuable
medicines, as the Castor- and Croton-oil Plants, referred to
above. From the abundant deposit of starch in the roots
of species of Manihot (allied to Jatrepia), native in tro-
pical South America, but widely cultivated in hot countries,
they become most valuable food-plants, yielding Cassava-
meal or Mandiocca, and Tapioca. '

The flowers are usually so small, that the Family is not
very serviceable for ornamental purposes. The bracts of
the two species of Euplerbia, common in Indian gardens,
named above, and especially of the Mexican Poinsetiia, are,
however, very brilliant, and compensate for the insigni-
ficance of the flowers.

South American India-rubber is obtained from the milk-
sap of species of Siplhonia (S. brasiliensis, &c.) The sap
is dried upon clay bottle-shaped moulds, and when a
sufficient thickness is obtained, the clay 1s washed out
The Kamala dye of India, used to dye silks yellow, is
a red powder, rubbed off the ripe capsules of Rottlera
tinctoria.
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o —— - e

|

| E}?;:_"fi' L. N Coleeston. | Adkeston. [
' !

I Perianth. - | Polyphyllous. Inferior.

| leavies. 4

:d‘ Stamens. @ | Monadelphous.

| P I -

| © Pistil. |  Syncarpous. Superior,

| cardels. 4

OBsSeErvE the extraordinary abundance, in the stem and
leaves, of spiral vessels, easily observed under the micro-
scope, when portions of tissue are pulled asunder: the
gradual development of the pitcher, which may be traced
from its earliest appearance, both in seedling plants and
at the tip of the prolonged midrib of the leaves. According
to some botanists the ‘““pitcher” 1s a hollow petiole, with
its margins united in front, bearing the blade articulated
to it as a “lid” Dr. Hooker's observations show that
the pitcher is a glandular excavation in the end of the
excurrent midrib of the leaf. The mner surface of the
pitcher secretes a fluid, in which insects are frequently
drowned.

This small and. very anomalous Family is confined to
S. E. Asia and the islands of the Indian Archipelago. In
Borneo some species are found with enormous pitchers.

8s. Natural Order, Salicacec.—The Willow Family.

Trees or shrubs with unisexual (dicecious) flowers. Ovary
free, one-celled ; ovules basal or parietal.

Tyre—Willow (Sa/ix tetrasperma) ; or Weeping Willow of
gardens (S. dabylonica).

A small tree with alternate simple leaves. and axillary
catkins of achlamydeous, dicecious flowers.

P .
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| The twigs of species of Osier Willow are used in northern
| countries to make basket-work.
|

5 86. Natural Order, Cupulifere.—The Oak and Chestnut
Family.

Trees with alternate leaves and moncecious flowers,
Ovary inferior, three- (or more-) celled. Fruit one-celled,
one-seeded.

Tvre—Spiked Oak (Quercus spicata).

A large timber-tree of the Himalaya and Khasia moun-

tains, with alternate, simple, entire, coriaceous, shining, *
1 1! stipulate leaves, axillary, long, erect spikes of small monce-
cious flowers, and sessile acom-fruits. P
!
Organ. No. | Colesion. Adfeston. !
: @ Perianth. Gamophyilous. Superior. i
il feaves. I :
|| 1 :- |
& Stamens. |Fio Decandrous. 1
3 ’ © Pistil. Syncarpous. i f
1 carpels. 2
|
4l | Seed solitary, exalbuminous.

OBSERVE the various modifications of the involucre sur-
i rounding the acorn in different species of Oak and Chestnut
( Castanea). In some Oaks it is closed over the fruit, splitting
into valves when ripe (as in Chestnuts) ; in others (as is
usually the case in Oaks), it forms a cup, covered with
numerous imbricating scales, or prickles, or a series of rings.
| In other genera, not Indian, as the Hazel and Hornbeam,
i the involucre consists of two or three leafy bracts, which
enlarge after flowering. Observe, also, the constant abor-
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Several Oaks abound in astringent principles, and the
bark of the English Oak, and acorn-cups of the Valonia
(Q. &gilops and allied species), are-largely used in Britain
by tanners. Gallic acid—used in making ink, from the
intense black colour of its combination with salts of iron—
and tannin are chiefly obtained from galls produced upon
scrubby Oaks of Asia Minor by the puncture of insects.
The gall is a diseased development of tissue induced by
the puncture. Cork is the outer bark of a South European
and Mediterranean Oak. It is collected at intervals of six
to ten years, after the tree has attained an age of about
thirty years. The bark 1s heated, flattened under weights,
and then slowly dried. The process of barking is said not
to injure the tree.

87. Natural Order, Z%ymelacee.—The Spurge-Laurel
Family.

L)
L T

Shrubs with stringy bark. Ovary free, one-celled (or two- =

celled), with one pendulous ovule in each cell.

TypE—Paper Daphne (Daphne papyracea).

A shrub (native of the Himalaya) with alternate, entire,
smooth leaves, and terminal heads of regular white flowers. -

Organ. No. Coleston. Adhkesion.
Perianth, Gamophyllous. Inferior. :
leaves. 4
Stamens. 8 Octandrous. Epiphyllous.
Pistil. ,- Apocarpous (f). Superior.
carpel. | = (%)
Seed solitary, pendulous, exalbuminous.
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Type—Sandalwood (Santalum album).

|
|
:
|
:! N
r l‘:
{ ;
| b
|
J i, Fi1G6. 179 Sandalwood (Saxialum album:). b
B - - - ! E
ii A tree with fragrant wood, opposite, entire, smooth leaves, ;
"i and short, axillary and terminal panicles of small flowers, at
N ]
{ first pale yellow, then rusty purple. .-
'. | .
| Organ. No. Cokesion. Adhesion.
3 -
' i Perianth. Gamophyllous. Superior.
[ leaves. 4
| A ; S B R | R
s E Stamens. 4 | Tetrandrous. f Epiphyllous.
¥ Pistil. Syncarpous (f). Inferior.
i 3 carpels. 3(7 |
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ovary as a false pericarp. In some species the fruit is
succulent ; that of Z. erzenfalis 1s used in dessert under the
name of Trebizonde Dates.

The Family 1s a very small one, and principally confined
to the Old World.

go. Natural Order, Myristicacee.—The Nutmeg Family.

Trees or shrubs, with alternate entire leaves, and incon-
spicuous dicecious flowers. Fruit one-celled, one-seeded.
Albumen ruminated.

TypE—The Nutmeg-tree (Myristica fragrans)

An introduced tree, thirty to forty feet high, with alternate
entire leaves, small, yellowish, supra-axillary, dicecious
flowers, and one-seeded, drupaceous (dehiscent) fruits.

| lf.'-':r .;_r-:*?..u I Na, Coltesion. Adkeston. F
i Pu e mth I Gamophyllous. Inferior. I
leaves. E
s =) e o]
| & f::-LLmLH:- 'r -12 Monadelphous. :: '
—: - e —— e e e |
2 Pisnl, ' Apocarpous. | Superior.
cardel, ‘ i |

Seed solitary, arillate, with ruminated albumen.

— === e —

OsBserVE the acrid juice of the bark, staining red: the
scarlet aril, forming a coarse network over the seed, laid
bare, by the fleshy pericarp dehiscing, when ripe, in two
valves: the albumen, interrupted by folded plates of a
different tissue ; such albumen is said to be ruminated (see
Custard-Apple Family, p. 151): the spreading (divaricate)
cotyledons of the minute embryo.

A small tropical Family, including but few species of
importance besides that employed as Type, the seed of
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OBSERVE the three staminodia, alternating with the inner-
most stamens : the dehiscence of the anthers by four cells,

24

FiGg. 181. An Indian species
of Cassytha, somewhat re-
duced; with a fragment of
the plant upeon which it preys.

each opening by a recurved valve, as
in the Barberries: three of the nine
perfect stamens, with lateral glands
attached to their filaments, have the
valves of their anthers opening in-
wards. »

The genus Cassytha is a singular
Sub-type, bearing the same relation
to the rest of the Family that Cuscuta
bears to the Convolvulus Family.
The species are leafless twining para-
sites. The flowers differ but slightly
from those of the true Laurels.

In some Indian genera (Zifsaea,
Tetranthera, &c.) the flowers are di-
cecious, and In clusters or umbels.
The Laurel Family is chiefly con-
fined to tropical countries; several
species, however, extend as far north-
ward as Japan in Eastern Asia, and
one, the Victor's Laurel (ZLawrus
nobilis), reaches the South of Europe.
Many species are aromatic; none
more so than our Type, the bark of
which is the Cinnamon of commerce.

Allied species of Cinnamomum afford Cassia. Camphor is
obtained by distillation from the wood of a Chinese

species of Cinnamomum (C. Camphora).

92. Natural Order, Piperacce—The Pepper Family.
Jointed herbs or shrubs with alternate or opposite simple

S il G iy s
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pulpy coat removed. Long pepper is the dried flower-
spikes of Chavica Roxburghii.

The Family affords some valuable medicines, and several
species are employed as such by the natives of India.

93. Natural Order, Coniferee.—The Pine Family.

Branching trees with simple, usually evergreen leaves.
Ovules naked (fertilised by direct contact of the pollen).

TvrE—The Cheer Pine (Pinus longifolia [Cheersullah,
Sarut]).

A tree of the Himalaya, with long, acicular, evergreen,
ternate leaves, naked, moncecious flowers in catkins, and a
multiple fruit (cone).

[No species of Pine is native in the Peninsula.]

From the extreme simplicity of the flowers of Coniferz,
the usual schedule is not suited to exhibit their structure in
a tabular form,

FiG. 183. Staminal scale of Pine. FiG. 184. Ovule-bearing scale of same.

The male flowers of Pine (Pznus) are arranged in short
catkins, consisting of minute, imbricating scales, each scale
bearing two anther-lobes upon its under surface.

The female flowers, also, are in small, dense, cone-like
catkins, consisting of small scales, each scale bearing upon
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ing about six (three to eight) anther-cells ; the female flowers
| of solitary ovules, around each of which a succulent, pink-
coloured disk developes as they mature, enclosing and over-
topping the fruit.

| & FiG. 186. Scale of male inflorescence F1G. 187. Scale of feniale inflorescence X
of Cypress. of same.

‘-"'Jfllr-

|

|

3

"

il :

H Fic. 188. Stamen

L of Yew. of same. of fruit of same.

1 In Jumiper, the anther-scales are four-celled, and the

f ovules three in number, one at the base of each of three °

4 connate scales, which form a succulent galbulus when the
seeds aregripe.

Besides the peculiarity in the structure of the female flower
of Coniferz, the Order is characterised by the absence of
vessels in the wood, which consists of tapering wood-cells,
marked on the sides, towards the medullary rays, with
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leaves, some of which lengthen out into branches during the
summer. Indeed, the fruit-cones occasionally lengthen out
in this way into leaf-bearing branches, illustrating the homo-
logy subsisting between the bract-scales of the cone and the
scale-leaves of the branch.

The leaves of many species of Pine persist several years.
The Larch 1s deciduous. _

The Pme Family acquires high importance from the
number of species which it includes affording valuable
timber, and also from the resinous products obtained from
several of them.

Differing very much in habit from the Type, and gene-
rally treated as a distinct Family, is the group Grefacee,
represented in India by species of Gretwm and Ephedra,
the latter confiried to the Himalaya.

The Gnetums are climbing shrubs with jointed stems,
opposite, shining, enfire leaves, and axillary spikes’ of
verticillate, moneecious flowers., The male flowers each
consist of a single stamen; the female, of a naked
ovule, terminating above in a long, tubular prolongation
of its coat, resembling a style, and enclosed in an undi-
vided perianth. The fruit is an oblong drupe ; in at least
one species edible.

The Ephedras are leafless, much-branched shrubs, growing
in desert regions of the temperate zones. Associated with
Gnretum and Ephedra is the genus Welwitschia, a most
extraordinary and very anomalous dwarf tree of South

‘Africa, attaining a great age, with a table-like trunk seldom

raised more than six or twelve inches above the sand in
which it grows, and a single pair of leaves, persisting
through the lifetime of the tree, and believed to be the
cotyledonary leaves.
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useful flour is obtained, which is used by the poorer natives.
From the pith of some other species a coarse sago is col-
lected. Fossil remains indicate that Cycadeous plants were
very abundant in Europe at the time of the deposition of the
chalk, and during the early tertiary period. They are now
principally confined to Mexico, South’ Africa, and Australia.
Our Type-species of the Family is a northern outlier at the
present period, native in China and Japan.

MONOCOTYLEDONS.
SPADICIFLOR .

95. Natural Order, Pa/imacee.—The Palm Family.

Stem woody. Perianth six-leaved. Leaves pinnately or
palmately divided.

i

TvreE—Cocoa-nut Palm (Cocos nucifera).

A tall, unbranched tree, with a terminal plume of large,
pinnate leaves, much-branched spadices of small; moncecious
flowers from the axils of the outer leaves of the crown, and
large fruits (Cocoa-nuts), with a fibrous epicarp.

Orga. Ne. TR Adfesion.

Perianth. Polyphyllous. Inferior.

leavies, &1
& Stamens. | 6 Hexandrons.
2 Pistil. Syncarpous. Superior.

cerpels. 3 |

Seed large, solitary, albuminous.
|

OBSERVE the germination of a Palm, the sheathing por-
tion of the cotyledon often penetrating, at the expense of
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are also largely exported from the Malay peninsula, for use
In seating chairs, &c. The pith-like tissue of the inside of
the trunk of Sagws, growing in the Archipelago, affords
abundant farinaceous matter, from which sago is prepared
for home use and exportation. The saccharine juice of
species of Phanix, Borassus, Caryota, and other genera, is
collected and fermented as palm-wine, distilled for arrack,
or boiled down for sugar,

Of the leaves numerous applications are made. Strips
are worked up into baskets, and punkahs are made of the
large fanleaves of the Palmyra (Borassus). Books are
made of strips of the leaves of the Palmyra and Talipot
(Corypla) Palms.

The Cocoa-nut, collected as food and for the sake of its
excellent oil, and the astringent seeds, with ruminated albu-
men, of the Betel (4reca Cafechi), universally chewed in
tropical Asia, are the most important Indian fruit-products
of the Family. The resin called Dragon’s-blood is princi-
pally obtained from a species of Calamus.

Palms are almost exclusively tropical, abounding in the
hot and humid parts of Asia and South America. The
species are proportionally less numerous in Africa, though
on the western coast of that continent grows one of the
most useful members of the group,—the Oil Palm (Z/ais).
The o1l obtained from the fruit is largely consumed in
England in the manufacture of soap and candles. The
species are generally restricted in the area over which they
extend. The Cocoa-nut 1s one of the most widely dispersed,
occurring on the shores of most tropical countries. A
few Palms reach as far north as China, Japan, and the
United States, while a single species is native of* Southern
Europe,—the Dwarf Fan Palm (Chamerops humilis).
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penculous, leafy, panicled spikes; the female in a terminal
one.

The flowers are achlamydeous, the stamens being crowded
upon the spadices, and often cohering in bundles ; the car-
pels one-celled and one-ovuled, densely packed on the
female cone. The multiple fruit consists of a number of
closely-packed fibrous one-seeded drupes.

The Screw-Pines derive their appellation not from any
resemblance to the Pine Family, but rather from the simi-
larity of their foliage to that of the Pine-apples (Brome-
liace), and especially to that of the Pine-apple itself
(Bromelia Ananas), a tropical American plant much culti-
vated in hot climates.

OBSERVE the tendency to form adventitious roots from
the lower part of the trunk: the forked branching of the
trunk, unusual amongst arborescent Monocotyledons: the
trifarious (three-rowed) arrangement of the leaves, with their
prickly margins and keel. -

The leaves make a good thatch, and are used for matting,
The fibrous roots serve as cordage, and also, when cut up,
as corks.

A near ally of the Screw-Pines 1s the dwarf, palm-like
Nipa fruticans, abundant 1n the Sunderbunds. The leaves
are pinnate, and the small flowers are provided with six-
leaved perianths.

97. Natural Order, Zyphacee.—The Bullrush Family.

Marsh herbs, with linear leaves, and spicate or capitate,
moncecious flowers. Perianth o. Fruit a dry one-seeded

nut.

TyrE—Typha eleplantina.

A perennial herb, growing on the borders of tanks and
lakes, with radical ensiform leaves, and a tall scape termi-
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reproduction, and which is absent in the allied, ornamental
“Lily of the Nile” (Rickardia @thiopica) of gardens.

The entire spadix and spathe are liable to be mistaken
by beginners for a single flower; but a comparison of our
Type-species with other genera removes all doubt, and
proves the spadix to be an inflorescence, bearing innume-

F1G. 1935, Colocasia antiguorun:, much reduced.

rable flowers. In the Rickardia of South Africa (not of
the Nile, as its familiar name would imply,) the pistils are
each surrounded by three abortive stamens (sfaminodia),
and in the common Indian climbing Fotkes the flowers
are hermaphrodite, each with a six-leaved perianth.

M Sl e
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cooking, It is a variable plant, as are most largely culti-
vated species, and some of its varieties have been separated
as distinct species. The aromatic Acorus Calamus, with
sword-shaped leaves, common in Indian gardens, is a very
widely dispersed member of the Family ; occurring in Eng-
land, through Europe and temperate Asia, and also in North
America. The fragrant rhizome is chewed, made up as a
confection, or used medicinally.

The leaves of Colocasia and some of its allies, growing
in swampy places, distil water from a minute pore at the
tip, to which point free canals, in the substance of the leaf,
converge. This process supplements the transpiration from
the surface of the leaf, and is most abundant when transpi-
ration 1s checked by the moisture of the atmosphere.

99. Natural Order, Pistiacee.—The Duckweed Family.

Floating herbs, in Zemna consisting of minute, leaflike

fronds.
Tvyee— Pistia Stratiotes.

igz= A floating herb, with tufted obcordate-

- cuneate radical leaves, numerous fibrous
roots hanging in the water, and minute
spathes with adherent spadices rising
from the middle of the tuft.

The annexed cut will explain the in-
florescence of Pistia better than a verbal
description. . The spadix 1s adhérent to

head of five adherent four-celled anthers.

is the stigma. The ovary is one-celled and

i i lomuina adherent, containing several ovules.

et This little lettuce-like plant is gigantic

the spathe, and terminates in a small E

Immediately below the head of the anthers
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gardens for the beauty of their flowers. Amongst the latter
few are more showy than the Gloriosa (Methonica) superba
of Indian forests, with its climbing, herbaceous stem, aided
by tendrils terminating the leaf-blades.

The African genus A/oe (not the so-called American Aloe
(Agave) belonging to the Amaryllis Family) and the Adam’s
Needle ( Yucca) belong to the Lily Family, as do the culti-
vated herbs Garlic, Onion (AZium), and Asparagus.

Bowstring Hemp is a tenacious fibre obtained from the
leaves of an Indian species of Sanseviera. Phormium
tenax of New Zealand yields a similar most valuable fibre.

Feliosanthes Teta, — a stemless perennial, with plaited
radical leaves, and small, green, racemose flowers,—repre-
sents an Indian Sub-type in which the ovary 1s partially
inferior, The Sarsaparillas (Sm#ax) form a Tribe, some-
times regarded as a distinct Family, differing from the true
Lilies in having net-veined leaves, climbing stems, and small
dicecious flowers. They resemble the Yams (Dioscorea) in
appearance. The species are widely spread, and several
occur in India.

103. Natural Order, funcacee.—The Rush Family.

Herbs. Perianth-leaves scarious. Stamens six. Ovary
SUperior,
TYPE—Juncus bufonius.

A small, tufted, much branched, annual weed, with incon-
spicuous, solitary, or fascicled flowers scattered along the
stems in the axils of slender leafy bracts.

This small Family scarcely differs from the preceding, ex-
cepting in the dry texture of the small six-leaved perianth, and
in the very minute embryo. The species employed as Type
is a common, very widely spread weed, in places liable to
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the movement of currents of viscid protoplasm may be
observed under a high magnifying power: the minute em:
bryo embedded in a cavity at one side of the albumen.
Very few species of this widely dispersed (but not large)
tropical or sub-tropical Family are turned to any account.

105. Natural Order, Zriocanionee.—The Pipewort Family.

Aquatic or marsh herbs. Flowers minute, unisexual, in
terminal heads.

TYyPE—Lriocaulon sexangulare (or E. quingueangulare).

A small aquatic herb of rice-fields and wet places, with
narrow, grass-like leaves; and small, involucrate heads of
minute moncecious flowers.

e —

; Owrpran. t Na. Coftesion. i Adlesion.
Penanth. Gamophyllotis. Inferior. |
| leawves. (5} (two series. )
\ s | :
| & Stamens. 6 Hexandrous. Epiphyllous. l 3
2 Pistil. I Synearpous. Superior, | i
carpels. 3 2
Eriocaulon is the only large natural genus of the Family. f
.I"

It 1s very widely spread in both hemispheres, though par-

ticularly abundant in South America. The excessively

minute flowers are arranged, like the florets of Composite, =8

in terminal heads, borne by slender scapes. P
Very few species are made use of by man,

106, Natural Order, Pontederiacee.—The Pontederia
Family.
Aquatic herbs. Flowers petaloid, racemose, from the
sheath of the last, or only leaf, of the scape.
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An epiphytal herb, cultivated in gardens, with pendulous
branches, emarginate leaves, and beautiful pale-sulphur or
white and rose-coloured irregular flowers, with a purple eye.

Fic. zo01. Flower of Dendrolinm nobile, nutural size.

The three outer leaves of the perianth are often called
sepals, and the three inner leaves petals, in this Family.
Of the three inner leaves, two are lateral and equal, and one
(usually the lower one from the twisting of the ovary) different
in form, often much larger than the sepals and lateral petals,
sometimes lobed and jointed, sometimes very small. This
odd petal is called the Jabedllum. It is sometimes provided
with a spur at its base containing nectar, much sought after
by insects ; the visits of which are in many cases absolutely
necessary, in order that the flowers may be fertilised and
good seed produced.

CoMPARE the structure of the anther and pollen of Den-
drobium with that of the Sub-types—
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In Vanda the two pollinia are connected to a single
“pedicel ” (as Mr. Darwin calls it), which pedicel is attached
to a viscid disk at its lower end.

In Dendrobium the small two-celled anther is terminal,
the anther-case forming a minute cap at the top of the
column. It encloses four pollinia, connected in pairs, one
pair in each cell of the anther. They are not provided
with either a caudicle or viscid disk.

FiG. 203. Pollinia, caudicle, and Fi1G. 204. Longitudinal section of column of
gland of Fanda. Lendrottum. ‘Lo the left the pollen detached.

From observations which have been recently published
by Mr. Charles Darwin,* it is shown that the peculiar modi-
fications of the pollen characteristic of Orchids stand in
relation to the part fulfilled by insects in securing their
fertilisation. As his observations have not been generally
extended to Indian species, I shall briefly describe the
structure and mode of fertilisation iIn a common British
Orchis, presenting, in the structure and relative position of

* “ On the Fertilisation of Orchids.” =~ Murray.
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comes in contact with the under viscid surface of one or of
both of the little glands of the two pollen-masses. On
withdrawing the pencil, the pollinia are found adhering
firmly to it, for the viscid substance which bathes the glands
sets hard in a few seconds when exposed. If the pollinia
be carefully watched zmmediately after they are withdrawn
from the anther, they may be observed to become inclined
forwards to such an extent, that if, after the lapse of a
minute or two, the pencil be thrust into the nectary of a
second flower, the pollinia which adhere to the pencil will
strike against the viscid stigmatic surface of the flower, and
at least a portion of the pollen-grains will adhere to it and
fertilise the ovules of the flower. The viscidity of the
stigma 1s sufficient to overcome the strength of the delicate
threads which bind the grains of pollen together.

From the peculiar relative arrangement of the pollen-
masses and stigma in Orchids, Mr. Darwin has shown that
the flowers can be but very exceptionally self-fertilised.
Alnost invariably insect aid is required to transport the
pollen from flower to flower ; hence the importance of the
contrivances indicated above (to which Mr. Darwin has
recently directed attention), to insure the proper fulfilment
of the important function assigned to unconscious agents.

It is extremely desirable that similar observations should
be made upon living Indian species. In Dendrobium Mr.
Darwin finds that the pollinia become attached to insects
visiting the flower by a viscid fluid, which is exuded by the
minute rostellum immediately under the anther, when the
projecting lip of the anther is pushed up by the retreat of
the insect from the short nectary.

The very large Orchid Family is widely spread over the
globe. Most of the species with large showy flowers are
confined to tropical countries, and grow, not upon the
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having two or three anthers almost quite free from the style
and stigma. The flowers, moreover, are regular.

.
r

108. Natural Order, Burmanniacee.—The Burmannia

Family.
Herbs with grass- or scale-like leaves. Stamens three or
six. Ovary 1inferor,
TYPE—LBurmannia distackya.
A small, slender, erect herb, with narrow radical and
cauline ensiform leaves, terminating in a forked cyme, each

branch bearing several unilateral, pretty, pale-blue regular
flowers, with three-winged inferior ovaries.

' — e

| Organ. | No Coheston. Adhkesion. 5
| : o i

| Peranth, | Gamophyllous. Superior. |

feaees. | 6 '

— | Py ~ e — -

1 ]

JRCE 4 - e : |

. Stamens. | 3 Triandrous, ! Epiphyllous. i

| Pistil. ‘ Syncarpous. | Inferior. |

| carpels. [l : i

|

Some of the species of this small Family are scaly, pale-
coloured parasites.

109. Natural Order, Scfaminece.—The Ginger and
Arrowroot Family.

Herbs with irregular flowers and one free stamen (except
in Musa). Ovary inferior.

TyPE—Alpinia nutans (Pinagchampa, Beng.).

A tall (garden) herb with lanceolate, distichous, sheathing
leaves, and a terminal racemose panicle of beautiful orange
and red iwrregular flowers.
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=,

| SUuB-TYPE—Indian Shot (Canna indica) differs from the
| Type-species principally in having three petaloid staminodia
1 within the perianth, and the anther one-celled, the cell being
L i upon the margin of a petaloid stamen.
| SuB-TYyPE—Banana (Musa sapientum), with a perianth __
i in two segments, and five fertile stamens with two-celled |

: i anthers, and a sixth stamen abortive. )
ki The anomalous character of this curious and important
Family, rich in species with beautiful flowers and affording
ﬁ; aromatic products, is chiefly due to the petaloid develop-

ment of two or more leaves of the flower, which in most
other Monocotyledons are anther-bearing stamens. This
makes the comprehension of the structure of these flowers
difficult to beginners.

Normally, the flowers of Scitfaminee possess a six-leaved
perianth in two series, of three each. As the ovary is
always inferior, the perianth is usually regarded as gamo-
phyllous. The six lobes, especially the three inner ones, are
often unequal in form and size. Within the perianth there
are six “leaves” belonging to the staminal series. Of these
five are anther-bearing in Sub-type Banana, and but one in
Alpinia and Sub-type Indian Shot. In Indian Shot the
tendency to suppression of the anthers is carried to an
extreme, there being but half an anther developed in the
single perfect stamen of each flower. The staminal leaves
which do not bear anthers are called sfamznodia. Frequently
some of the staminodia are almost or altogether suppressed.

In the A/pinia employed as Type-species there is but one
staminodium developed of the outer whorl of three staminal
leaves, and it is petaloid and larger than any of the perianth-
segments, forming the beautiful orange and crimson Zabel/um
of the flower. The remaining two staminodia of the outer
whorl are to be found in the Alpinias as short teeth or lobes.
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essential organs, and our imperfect acquaintance with many
details of their structure and function, it is practically the
best plan to leave them to the last, in a course of Elemen-
tary Botany like the present. Space compels me to be
brief in describing Cryptogams ; and those who desire to
extend their acquaintance with them I must refer to special
works which treat of them in detaill. A few of these are
noticed in the list of works on Indian Botany given in the
Appendix. |

All the plants which I have described in foregoing
chapters produce seeds containing an embryo, provided
(with unimportant exceptions) with one or more rudimentary
leaves, which we have termed Cotyledons. The plants
which we have now to consider do not produce a seed con-
taining an embryo, but are muldplied by minute rer-
ductive bodies, called spores.

The spores consist usually of a simple cell. As they are
destitute of an embryo, there cannot, of course, be any
distinction of radicle, plumule, and cotyledons ; in con-
sequence of the absence of the latter, Flowerless Plants are
termed Acotyledons.

Although we speak of these plants as Flowerless, it must
be borne in mind that they do possess organs analogous to
those which are essential to the flower, but they are so
disguised, and often so simple, that they have been in many
cases but recently recognised as such.

The more important Families of Acotyledons (Crypto-
gams or Flowerless Plants) are—

Ferns {F:&r::.ri L ;
Possessing distinct stem and leaves . %:;:n&?ﬁﬁg{wﬁmimﬂ
Mosses (Musci).

Mushrooms and Mfulds (Fungi),

‘between stem and leaf [Ln::hens Lichenes
Mo distinction ‘ b i
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Other Fungi depart very widely from this Type, but nearly
all agree in the absence of green colouring-matter and
of starch in their cells, and in their dependence upon
decaying animal or vegetable matter for support. They
are mostly short-lived, and often deliquesce when mature,
though some, as the Touchwoods (Folyporus), are hard and
woody.

In many Fungi there is no distinction of stem and pileus ;
and the spore-bearing cells clothe excavations in the cellular
substance of the Fungus (as in Puff-balls, Lycoperdon), or
the spores may be formed in the interior of certain cells
called ascz, two, four, or more together, as in the subter-
ranean esculent European fungus called Truffle (Zuber).

Some botanists divide the Fungi into two Tribes: (1)
with the spores borne upon the exterior of cells called |
basidia, and (2) with the spores developed in the interior of
cells called asci,; those of the former Tribe being termed
Sporiferous, those of the latter Sporidiferous. The variety
in arrangement of the reproductive system of the Fungi is
extreme, and there are very many species which are as yet
very imperfectly understood.

Though a few of the Fungi are esculent, many are
dangerous, and some poisonous. None should be eaten
unless perfectly sound, and species with a disagreeable
odour should be avoided. Many Fungi are very injurious,
destroying large quantities of agricultural produce, timber,
and miscellaneous substances, when circumstances favour
their development. The Wheat Mildew, Smut, and Bunt
of Cereals, Ergot, Hop-blight, the Moulds, and Dry-rot, are
all Fungi. The Vine and Potato diseases are also due to
the ravages of minute species, which multiply with great
rapidity. As their spores are excessively minute, they cannot
be excluded by any mechanical contrivance.

|
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7. Natural Order, 4%z—The Sea-Weed Family.

This Family includes an enormous number of species,
nearly all adapted to grow under water, though by no
means all marine, as many are wholly confined to fresh
water. They vary to an extraordinary extent in size, form,
and mode of reproduction. Some are microscopic and
individually invisible to the naked eye; whilst others,
especially some marine species, attain a large size—a few,
indeed, measuring some hundreds of feet in length. The
simplest forms consist of single microscopic cells: hence
they are called Unicellular Alge. These multiply by
division, and also by a kind of sexual reproduction, analo- :
gous to that of the higher plants, in which the contents of
two distinct individual cells become commingled, and the
resulting mass finally resolves itself into a number of new
individual cells or plants.

Forms of a higher grade of structure are represented by
the fine hair-like filaments which we find floating in rivulets
and tanks, rooted at one extremity to stems or to larger
water-plants. Many of these filamentous species (Confer-
voide) multiply themselves by the contents of the cells
which form their filaments being resolved into innumerable
minute moving bodies, called zosspores, which break out of
the cells and rush about in the water until they finally settle
down and grow. ' '

The higher species, such as the Olive-coloured Sea-Weeds
(Fucus), which clothé€ the rocks between tide-marks upon
the shores of northern countries, possess a complicated
reproductive system of spores and antheridia, contained
in conceptacles embedded in the thickened extremities of the
divided fronds. Their mode of reproduction, adapted to the
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changed, with the specimen undisturbed upon it, to the dry
sheets. ~ Pasteboards, or, better still, * ventilators” (made
the size of the paper, of narrow strips of deal at short
distances apart, nailed together in two layers at right-angles
to each other, as shown in the cut, Fig. 241), may be intro-
duced at intervals between the layers of paper until the pile
be ready for the press, which may consist simply of two
stout boards, made so that they cannot bend or warp.
Between these boards the paper and specimens must be
placed, and a weight of stones or metal, not less than
solbs. or 6o lbs.,, laid upon the top.

The papers should be changed, several times, once a day,
and then at longer intervals, until the specimens are quite
dry, when they should be removed from the press. If fresh
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FiG. 241. Ventilator.

specimens be placed in the press, while others are in pro-
cess of drying, they must be carefully separated by paste-
board, or by a thick layer of paper. The length of time
which specimens ought to remain in the press varies with
their nature, whether dry or succulent, and with the kind
and quantity of paper used. Common stout brown paper
answers very well. It may be cut to any size, but, generally,
it should not. be less than sixteen or eighteen inches long
Dby ten inches wide, Practice will soon suggest many little
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A
::1' i LEAVES cauline, opposite, membranous, obovate or elliptic-
i oblong; obtuse mucronulate entire shortly pubescent or at
s length nearly glabrous above, narrowed below into the short
petiole. i
FLOWERS axillary in pairs, or sometimes solitary, subsessile 5
| or pedicels shorter than the calyx, regular, hermaphrodite.
| CALYX inferior, pubescent, divided nearly to the base into ::
five subulate segments many times shorter than the -:ﬂmlla-
| tube. 1.-,
;{ ' COROLLA  hypogynous, hypocrateriform ; Zfude c}rhndncal
idd constricted above and five-tubercled at the mouth ; Zmé broadly
I spreading, of five obliquely-obovate or rotundate lobes, con-
| torted in aestivation.
Wil STAMENS epipetalous, pentandrous, alternate with the corolla-
el lobes ; anthers subsessile, linear-oblong, subacute, n:_abtuseljr :
' sagittate at base, two-celled, polleniferous throughout.
PIETIL syncarpmus, mMonogynous, dma:p&]]my the carpels
istinct in 0 umted Ehc:nr& 111 a smgle slender sgi‘ig_,u

T —
L —

Fm:rfr ui' two narrow cy
a halfinches long) ; seeds mdﬁ&nité oblor ylindrical, minutely
tubercled, unappendaged, albuminous ; _mzﬁy}.i\. ﬁy’lmdmgﬁfi
radicle superior terete equalling or ﬂxce:edmg the‘@t;r do
'ﬁfﬁm# ﬂesh;rj, eunﬂuent‘mth the ’I:esta. S i
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2 EDUCATIONAL BOOKS.

ARISTOTLE ON FALLACIES; OR, THE SOPHISTICI

ELENCHI. With a Translation and Notes by EDWARD PoSTE, :
M. A., Fellow of Oriel College, Oxford. 8vo. 8s 64, g

i

Besides the doctrine of Fallacies, Aristotle offers, either in this treatise oy

| or in other passages quoted in the commentary, various glances over the

j_5| world of science and opinion, various suggestions or problems which are |
, still agitated, and a vivid picture of the ancient system of d’:afxtm', which
i it is hoped may be found both interesting and instructive.

A |
| = |
i

I Aristotle. — AN INTRODUCTION TO ARISTOTLES
- RHETORIC. With Analysis, Notes, and Appendices. By E.

M. Copk, Senior Fellow and Tutor of Trinity Cullege, “Eam
bridge. 8vo. 14s.
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In this neww edition a few mistakes have been rvectified ; rules have been
added o the Prosody ; and a more unifor m system Jas been adopted with
regard lo the help afforded.

JUVENAL FOR SCHOOLS. With English Notes. By J. E. B.
MAYOR, M.A, New and cheaper Edition. Crown 8vo.

[77 the Press.

Marshall.—A TABLE OF IRREGULAR GREEK VERBS.
classified according to the arrangement of Curtius’ Greek Grammar.
By J. M. MARSHALL, M. A., Fellow and late Lecturer of Brasenose
College, Oxford ; one of the Masters in Chfl:cm Ca]]iege. Em
cloth. 1s.

The system of this table kas been borrowed Srom the m;&?&m‘ G'fmé
Gymm&r qfﬂr Curtius. :
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I cules is investigated and determined : and by it the general Droperties of i
| bodies are explained.  The eighth book treats of luminiferous @ther. The =
| ninth explains some special properties of bodies.  The tenth and eleventh
| contain a radical and lengthy investigation of chemical principles and 4
‘ relations, which may lead to practical results of high importance. The e
‘ ; twelfth and last book treats oy molecular masses, distances, and powers. %.:1
I Beasley.—AN ELEMENTARY TREATISE ON PLANE <

: TRIGONOMETRY. With Examples. By R. D. BEASLEY,
| M. A., Head Master of Grantham Grammar School. Second
! Edition, revised and enlarged. Crown 8vo. cloth. 3s 64, ;

] This trealise is specially intended for use in schools. The choice of matter
i has been chiefly guided by the requirements of the three days’ examination
e at Cambridge. About four hundred examples have been added to this edition,

mainly collected from the examination papers of the last ten years.
( ; ; BOOLE, D F.R.S., Professor of
3 € y 3 --,. " __..;’, _-.

‘A TREATISE
~ Revised Edi
14;‘ A . = L o -
rofessor Boole has endeavoured in this treatise to convey as comple
b i o Mfﬂfg ﬁgﬂé}iﬂf%’fwﬁw -
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are introduced either in the form of foot-notes, or, w&m: that would have
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Dodgson.—AN ELEMENTARY TREATISE ON DETER.
MINANTS, with their Application to Simultaneous Linear
Equations and Algebraical Geometry. By CHARLES L. DonGsox,
M.A., Student and Mathematical Lecturer of Christ Church,
Oxford. Small 4to. cloth. 105 64.

Thee object of the author is lo present the subject as a continuous chain of
argument, separated from all accessories of explanation or illustration.
AU such explanation and illustration as seemed necessary for a beginner,

i

accupied too much rﬂﬂm, of Appendices.

Drew-—*GEDMETRIC&L TREATISE ON cfomc SEG-'

TI@NS By W. H. DREW, M. A., St. John's tune.g?e!
| dition. Crown 8vo. ﬁltxﬂ:n; 4.-,- s&* :
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Parkinson, S.—wntinued.

without the use of the Differential Caleulus, and so render it suitable as
a manual for the junior classes in the University and the higher classes
it Schools.  With one or two short exceptions, the student is not presumed
lo require a knowledge of any branches of Mathematics beyond the elements
of Algebra, Geometyy, and Trigonometry. Several additional propositions
ftave been incorporated in the work for the purpose of rendering it more

complele : and the collection of Examples and Problems has been largely
picreased.

A TREATISE ON OPTICS. Second Edition, revised. Crown 8vo.
cloth. 1os 64

A collection of examples and problems has been appended to this work,
which are sufficiently numerous and varied i character to afford useful
exereise for the student. [For the greater part of them, recourse has been
had to the Examination Papers set in the University and the several
Colleges during the last twenty years.

Phear.—ELEMENTARY HYDROSTATICS. With Numerous
Examples. By J. B. PHEAR, M.A, Fellow and late Assistant
Tutor of Clare College, Cambndgt. Fourth Edition. Crown
8vo. cloth. 5s. 64

This edition has been carefully revised throughout, and many new
illustrations and examples added, which it is hoped will increase its
wusefulness to students at the Universities and in Schools. In accordance
with suggestions from many mg'aggd in tuition, answers to all the
FExamples have been given at the end qf the book.

Pratt.—A TREATISE ON ATTRACTIONS, LAPLACE’S
. FUNCTIONS, AND THE FIGURE OF THE EARTH.
By Joux H. Pratt, M.A., Archdeacon of Calcutta, Author of
¢“ The Mathematical Prmmplea of Mechanical Philosophy.” Third
‘Edition. Crown 8vo. cloth. 6s. 64.

The author's chief design in this treatise is lo give an answer lo the

gﬂrnﬁm, “ Has the Earth acquired its present form from being originally
in a_fluid state?”  This Edition is a complele revision of the former ones.
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chapter, as far as possible, complete in ilself, so that all that relates to any
one part of the subject may be found in the same place. This arrangement
will enable euery student fo select lis own order in which to read the
subject.  The Examples which wiil be found at the end of each chapler
have been chiefly selected from the Examination Lapers 1 which have been
set in the University and the Colleges in the last Jéw years.

&

Smith (Barnard).—Works by BARNARD SMITH, M.A.,
Rector of Glaston, Rutlandshire, late Fellow and Semnr Bl:lrsh.l'
of St. Peter’s College, Cambridge. eIy
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Todhunter, I.—ontinued.

determining the subjects to be included and the space to be assigned to each,
the Author has been guided by the papers given at the various examinations
in elementary Algebra whick ave now carried on in this country. The
ook may be said to consist of three parts. The first part contains the

elementary operations in integral and fractional expressions; the second

the solution of eguations and problems ; the third treats of various subjects
whick are introduced but vavely into examination pagers, and arve more

briefly discussed.  Provision has at the same time been made for the
 introduction of easy equations and problems at an mr{y rérgz—ﬁr fﬁm

who prefer mrﬁ a course.

KEY TE} ALGEERA FOR BEGINN'ERS Crowii Svﬂ ﬁlﬁﬁh
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' qﬁﬂﬁjﬁf’&'ﬁ&?’ﬂ of Circular Parts, ar explaation fas Geen given o
 method of proof
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Todhunter, I.—continued. i h

f
e T

obtaining all the information which he will require on this branch of
Mathematics. - Eack chapter is followed by a set of Examples: those
which are entitled Miscellaneous Examples, together with a few in some
of the other sets, may be ad'mntagwm{y reserved by the student for exercise
after he has made some progress in the subject. In the Second Edifion
the lints for the solution of the Exam_p!gr'a&ciz-rg been camﬁﬁrmma& 4

A TREA.TISE ON SPHERICAL TRIGONOMETRY. Semnd '

- Edition, enlarged. Crown 8vo. cloth. 4s. 64, *
 The present work is constructed on the same Plan as - the ﬁrnz&i-&
Plane Trigonometry, to whick it is intended as a sequel.  In ﬁeew :
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In the Third Edition many additions have been made, in order to illus-

trate the application of the principles of the subject to the solution of
problents.

Wilson, J. M. — ELEMENTARY GEOMETRY. Angles,
Parallels, Triangles, and Equivalent Figures, the Circle and Pro-
portion. By J. M. WiLsoN, M.A., Fellow of St. John’s
College, Cambridge, and Mathematical Master in Rugby Schnol :
Extra fcap. 8vo. 35 64,

“ It is an actual substitule for the first two 5@&: of Eﬂdid, in whick
many of his propositions are drawn out from the conceplion of straighiness,
parallelism, angles, with wonderful ease and simplicity, and the methods

employed have the great merit of suggesting a ready agﬁ!::m to the
Wﬁb@fﬂﬂﬁ:ﬁm&m *"—G‘UAB.BI&H :
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and to supply facts, and ideas Jounded on the facts, to serve as a basis for
-m&:qumf study and discussion. The chapters treat of the Stars and
; 3!.&.-5 Solar S_;w.'.'msr- Aﬁﬁarmt Mmmg‘ the My
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sidiary ), and the principles on which the observations made with these
instruments are treated for deduction of the distances and weights of the
bodies of the Solar System, and of a few stars, omitting all minutie of
Jormule, and all troublesome details of calculation.” The speciality of this

wolume is the direct reference of every step to the Observatory, and the full
description of the methods and m.rfmmmdr tg;" observation.

ASTRONOMY.

MR. LOCKYER’S ELEMENTARY LESSONS IN ASTRO-
- NOMY. With Coloured I)mgram of the Spectra of the Sun,
Stars, and Nebule, and numerous Illustrations. B}f] NORMAN
LocKYER, F.R.A.S. Third Thousand. 18mo. 55 64.

The author has here aimed to give a connected view of the whole n&@;x!g
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Swainson.—A HANDBOOK to BUTLER’S ANALOGY. By

C. A. SwainsoN, D.D., Norrisian Professor of Divinity at
Cambridge. Crown 8vo. 1s 64.

This manual is designed to serve as a handbook or road-book to the
Student in reading the A nalogy, to give the Student a sketch or outline map

aof the country on which ke is enteving, and to point out to him matters of
interest as lie passes along.

Westcott.—A GENERAL SURVEY OF THE HISTORY
OF THE CANON OF THE NEW TESTAMENT DURING
THE FIRST FOUR CENTURIES. By Brooke Foss WEsT-

corr, B.D., Canon of Peterbamugh Second Edltmu, mv:seﬂ
: \-Emwn 8vo. Im&d’ :

=T

ht: &

Pty




























