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EDITOR’S PREFACE. 

THE original of the present work is the recognised Text- 

3 book of Botany i in use in the technical schools of Germany ; _ 

and its success in fulfilling the object for which it was 

written may be inferred from the fact that, published for the 

first time in 1869, it is now in a fourth edition. An English 

translation and edition has been undertaken—primarily at 

the suggestion of the Rev. Alexander Irving of Wellington — 

College—from the belief that no work of the same scope 

is yet to be found in the English ianguage, embracing the 

whole range of Elementary Botany, and yet of a size and 

- price to bring it within the reach of nearly all students of 

N atural Science. i 

-One of the great objects of a study of Natural Science © 

being the cultivation of the observant faculties in relation to 

the phenomena of nature, the greater part—and that the 

most useful—of the student’s knowledge must always be 

‘gained in the field, or with the dissecting-knife in hand. 

“Still he will need to be guided by the experience of previous ©. 

observers, and to be acquainted with the recognised de- 

-scriptive terms used in his science. It is for these purposes, 

and not to replace the necessity for observations of his own, 
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that he should use a Text-book. Examiners i in Natural Science 

now almost universally attach great importance to dissecting — ee : 

_and microscopical work, as the best indication of ‘practical - AE . | 

acquaintance with the subject, without, however, abandon — : 

ing the additional test of requiring clear and correct answers x . 

to written questions. 

! In editing the present work, the object especially kept ae 

in view has been to make it useful to candidates preparing 

versity of London. Botany now forms a portion of nine 

- different examinations at the London University :—the Pre- _ 
Ay 

for the Science examinations conducted by the Educational 

. Department at South Kensington, or for those at the Unt - 

liminary Scientific Examination required from all medical — 

students (both the Pass examination and that for Honours) 5: “ 

Second Bachelor of Science (Pass and Honours); the 

General Examination for Women (Honours) ; the Doctor of 

Science in Vegetable Physiology ; and the Doctor of Science 

‘in Systematic Botany. In the first five of these (the Pre- — 

liminary Scientific Pass and Honours; the First Bachelor — 

‘of Science Pass and Honours; and the Second Bachelor of. 

Science Pass) it is believed the present work will be found 

a sufficient Text-book ; for the Second Bachelor of Science 

~ Honours, the Examination for Women in Honours, and the. 

- Doctor of Science in either branch, the student should con- 

sult some more advanced treatise, as the English edition of 

- Decaisne’s ‘ Traité Général’ (Longmans) for Classification. 

ea he examinations for the First and Second Bachelor of 

Science have recently undergone complete revision, the 

revised regulations coming into force for the first time during 

the First Bachelor of Science (Pass and Honours) ; the - ¥: 

Sachs’s Text-book (Clarendon Press) for Anatomy and * 

Physiology, and Dr. Hooker’s edition of Le Maout and 

a b. 
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the present year. At the First Bachelor of Science Pass, 

special attention is directed to certain types of vegetable 3 

life named in the syllabus. The sum of our present know- 

ledge respecting these types will be found stated in the fol- 
lowing pages, either i in the text or in editorial notes ; but the 

editor desires to impress upon his readers the necessity of 

their making themselves practically acquainted with these 

forms of life, and comparing their observations with the de- 

scription, before presenting themselves for examination. At 

‘the Second Bachelor of Science Pass, the examination in 

se Botany, which is optional, requires, in addition to a general | 

acquaintance with the principles of Morphology and Phy- 

siology, a knowledge of the structure and development of 
. ¢ - 1 ~ 

_ certain groups of Phanerogams and Cryptogams, an account » 

of which will also be found here. 

In the chapters on Anatomy and Physiology, the original ; 2 

work has been very closely followed ; only a few alterations 

- being made, to render it in harmony with the recognised use 

of terms in this country. Any additions to our knowledge 

acquired since the publication of the German work are - 

referred to in foot-notes. The same remark applies to the 

chapter on Special Morphology and Classification, as far as _ 

~ Cryptogams are concerned. But the section on the Classi- -~ 3 
fication of Phanerogams has been entirely rewritten. The 

system of classification adhered to in the original work differs © 

in so many points from that in use in this country, that it: 

' would be almost useless to the English student. The natural 

orders have therefore been entirely rearranged, inaccordance 
_ with Bentham and Hooker's system, and a detailed descrip- 

tion is given only of the more important ones. The minutiz — 

of Classification were considered out of place in an elementary ais 

Text- book, and would moreover swell it to an unwieldy size. 



"- editing them pains have been taken to avoid, as far as pos- 

af ~ sible, the putting forward of geological or geographical 
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_ The seventh and eighth chapters have hee considerably 23 : 

ae compressed, and some portions have been altered. In | 

‘ theories as demonstrated truths. The young student cannot 

be too cautious about forming or adopting theories, except 

as mere modes of classifying facts, which must be modified — 

~-as our knowledge of facts increases. Some general notion 

- of the distribution of plants in space and time is essential to 

him ; but he should, as far as possible, check and correct 

bey _his theories by getting together and collating a large fund of 

: - observation. The chapter on the Geographical Distribution 

of Plants is a brief epitome of Grisebach’s conclusions, as _ 

stated in his ‘Vegetation der Erde,’ of which there is as yet 
no English translation. All editorial additions throughout: 

the work are distinguished by being placed. between square 

3 brackets. 

It would be impossible, even were it desirable, to define, 

in an elementary work of this kind, every scientific term in 

‘use by every writer ; many of those not mentioned in these 

pages carry their own explanation with them. Some addi-_ 
~~ tions have been made by the editor to those included in the 

original work ; and it is believed that every term necessary 

to the young student will be found defined either in the text _ 

or in the glossarial index at the end. Reference is made, 

in this index, not only to the pages where an explanation of 

ee fade is illustrated. In the Latin names of British plants, the 

‘used. eee 

each term will be met with, but also to every figure in which 

one adopted in Hooker’s ‘Student’s Flora’ is in all cases ie 

, In conclusion, the editor desires to call the reader’s at- i i 

a tention to one or two important memoirs which have been pare 



‘published since the appearance of the original work, or even 

while the English edition has been going through the press. ¢ 

_ The statement (p. 75, foot-note), found in most Text-books, 

that the roots of Monocotyledons are always adventitious, 

must, according to the recent observations of Falkenberg, 

be considerably modified. The seed of many Endogens, : 

especially Grasses, put out on germination a true normal 

root, which, however, soon disappears. 

In his account of the relative importance of the different 

chemical elements to the life of the plant (p. 162); the 

author has, in the main, followed Sachs. Professor Cugini 

; has recently published an elaborate series of researches on © 

the nutrition of cellular plants, which appears to throw addi-- ; 

tional light on the functional value of some of the elements, 

especially potassium, the relation of which to the carbo- 

hydrates he compares to that of phosphorus to the albu- 

-minoids. : 
In the section on Lycopodiacez (p. 332) no allusion 

Preface: * ee 
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is made to the researches of Fankhauser, who describes the 

hitherto unknown prothallium of Lycopodium annotinum. 

He finds it furnished with antheridia and archegonia, 

the latter being fertilised directly by the antherozoids pro- 

duced in the former. If these observations are confirmed, 

the mode of reproduction will remove Lycopodium altogether ? 

from alliance with the heterosporous Selaginellez, and bring 

it nearest to Ophioglossum. 
AS WB 

6 PARK VILLAGE EAST, REGENT’S PARK : 

Fanuary 1877. 
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Errata. 

P. 63, description of Fig. 91, for Eleagnus vead Eleagnus. 

75, 1. 9 from bottom, for-always read for the most part. 

1. 8 from bottom, /ory never being vead being but little. 

», 111, |. 2 from bottom, for andrecium read andreecium. 

¥, 133; 1. 1, for 257 read 256. 

,, 198, |. 25, for results vead result. 

», 220, |. 13 from bottom, for Leaf-scale read Scale-leaf. 

236, 1. r3 from bottom, for Madeira vead Teneriffe. 

239, last line, for Adamson read Adanson. 

325, description of Figs. 447, 448 (three times), for sporogonia rea 
sporocarps. 

»» 329, |. 13 from bottom, for fibriform vead prosenchymatous. 

5, 388, l. 1, delete Pyrola. 

»> 390, description of Fig. 503, for coroneform vead coronate. 

5» 407, l. 13 from bottom, for Thalmiflore read Thalamiflore. 



PrReuGcrURAL AND PHYSIOLOGICAL 

BOTANY. 

INTRODUCTION. 

THE province of Botany, or the Natural History of the | 
Vegetable Kingdom, is to depict the plant from as many 

different points of view as possible. 
| It is impossible to give a brief and exact definition ofa a 

_ plant, if such a definition is intended to include all plants. | 

It is true that from the earliest times the numberless sub- 
stances that are found on the earth have been distinguished 

into living or organic and lifeless or inorganic,—animals and 
_ plants being included in the former, minerals in the latter 

class ; but it is impossible to define accurately the bounds 
of these three kingdoms. Whether a body has life or not 
isa point easily determined, since the presence of life is — 
manifested by various capabilities, the most universally dis- 
tributed of which are those for absorbing and assimilating a_ 
variety of food-materials. We know also from experience that 
the higher and more perfectly organised animals differ from 
the higher plants in possessing sensibility and a power of 
voluntary motion. But when we descend from the higher’ 

B 
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ae animals and plants to the less perfect organisms belong 

- to these two kingdoms of nature, we come eventually, on the 

- boundaries of each, to organisms so small and so imperfectly 

developed that it is scarcely possible to pronounce an_ 

- opinion whether they are of animal or vegetable nature. 
‘The most superficial glance over the vegetable world shows. 
us that in both the external form and internal structure of 
_plants—the number of which has been estimated to amount | 

to 300,000—there exists such an endless diversity that we 
‘must content ourselves with describing the forms of most 

common occurrence, the most important laws of their internal 

-. ~. structure, life, and distribution, and the classification of the 

~ best known and most important plants. 
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Morphology, or the Comparative Anatomy of plants, em- 

braces’an acquaintance with their most important organs, 

and hence with their external form. By combining with this — 
the history of development of the separate organs, z.e. the 
mode in which they are produced, we are enabled to obtain 

~ a correct comprehension of, and to describe, the different 
parts of a plant. By the Avatomy of plants we understand- — 

a knowledge of their internal structure. The Physiology of © 
plants is concerned with their vital phenomena [and the dif- 
ferent functions of the various organs]. Botanical Geography 

treats of the distribution of plants over the surface of the 
globe. Paleophvtology, or Vegetable Paleontology, makesus 

acquainted with the remains that still exist of the vegetation 
of earlier geological epochs. C/asstfication has to do with 
the distribution of plants according to their characters [or 
relationship to one another]. Practical, or Applied Botany, 

finally, explains the useful or injurious properties of plants. 

In the earliest times the knowledge of plants was limited 

to those from which food was obtained, and to a few which 
afforded poisonous or curative substances, the properties of 
which had been ascertained by a happy or unfortunate acci-— 

dent, or by the observation of an animal impelled by instinct Be 

to their use. The knowledge thus laboriously gained must 

~~ 2 
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often have been again lost, until at length an acquaintance 
with medicinal plants became a speciality of the priests, and 
the healing art founded upon it a part of religion. 
The father of medicine, as he has been termed, Hippo- 

crates, who lived in the fifth century before Christ, extended 
the observations that had hitherto been made ; and we know 

that he enumerated upwards of 200 species which were at © 

that time used in medicine. Butit was not till the following 
century that a really scientific work on botany appeared, 
written by the celebrated tutor of Alexander the Great, Aris- 
totle. His work is unfortunately lost ; but his ideas have 

come to us in the writings of his pupil Theophrastus, who 
described 400 or 500 different plants in their relation to 
agriculture, domestic economy, and medicine. At his death 
the new structure fell to pieces, or at all events we. do not 
find that any further progress was made with it. This was 

the state of things until, in the first century after Christ, 

'  Dioscorides wrote a treatise on medicine, in which over 600 

medicinal plants were described, though often briefly and in- 
sufficiently, and the elder Pliny collected what was most 

noteworthy from the writings of his predecessors. The posi- 
tion in which botany stood at that time may be understood 
from the naive statement of Pliny that there were, it is true, 
more plants in the hedges, fields, and roadsides than those 
he had described, but they had no names, and were of no 
use. The works of Pliny and Dioscorides remained the best 
on the subject till the sixteenth century, and enjoyed the 

highest reputation. At that time German investigators 
arose who aroused the study of plants from its long rest, and 
earned therefrom the honourable title of the fathers of 
botany. The first of these was Otto Brunfels of Mayence 
(0b. 1534); other German scholars followed closely upon 
him, Bock (0d. 1554), Fuchs (0d. 1566), and Gessner (0, 
1565); as well as some belonging to other countries, Ma- 
thiol (0d. 1577), Dodoneeus (0d. 1585), Lobelius (0. 1616), — 
and Clusius (06. 1609). But no one of these made any 

' B2 



"great advance ; for none f them went. beyond a more or less is 

careful Hesenpton of different plants. | 
Cesalpinius (0d. 1603) was the first to devote himself t to- oe 

a systematic classification of plants. He derived his prin-° 

ciples mainly from the characters of the fruit and from the 
position of the perianth in reference to the pistil; but his 

_ primary division of the vegetable kingdom was into woody 
and herbaceous plants. His example was followed by others, 

_ and the science received an ever-increasing impetus, directed 
by such men as Taberneemontanus (0d. 1590), Alpinus (00. 
1616), and Camerarius (0d. 1721), an impetus which was 
greatly assisted by the great store of botanical material de- 

en a 4 Structural and Phystological esc: pemetey) . « 
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rived from travels in the East and in America. But there 

were no means of comparing these fresh discoveries with one 
another, in consequence of a want of correspondence in the 

names given to the same plant by different investigators. The 

brothers John and Caspar Bauhin (0d. 1613 and 1624) were 
the first to endeavour to overcome this difficulty. From — 
this time the number of botanists increased so greatly that 
we can mention only those who introduced new and in-— 

fluential ideas. | 
The originator of the Latin botanical nomenclature was 

Jung (0b. 1657), rector of the gymnasium at Hamburgh. 
Soon afterwards, in 1700, Tournefort (04. 1708) propounded 
a new system, and was the first to classify plants into strictly — 
defined genera. A year before his death, the great reformer — 
of botany, the Swede Carl von Linné (Linneeus, 0d. 1778), 
was born. It was he who first raised botany to the rank 
which it should have attained long before, of an edifice 
resting on a firm foundation ; for to him we owe the first 
system of nomenclature and description of a truly scientific 
character. But this was not all; for Linnzus propounded 
the celebrated system that bears his name, which has indeed ete 
since been replaced by others of a much more natural — 
character, but which is unequalled in practical value if the _ 
purpose is simply to name any given plant, or to assignits 
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‘position in the system to any newly-discovered species. The 
Linnean system is an artificial one, since it 1s not founded 

--on a combination of all, nor even of several, characters of a | 

plant, but takes into account only single characters as the 
primary principle of classification. There were therefore 
necessarily opponents of the system. ‘The first to propose 

in its place a natural system was the French botanist A. L, 
de Jussieu (00. 1836), who took as his starting-point the 
-presence and the structure of the embryo. He was shortly 

followed by A. P. De Candolle (04. 1841) and Endlicher 
(ob. 1849); the foundation of the primary classification 

being with the former anatomical structure, with the latter 
the mode of growth. The efforts to construct better systems ~ 
are not yet brought to a conclusion ; and we cannot yet see 
their end. In the meantime botanists are vigorously at 
work in completing the botanical material, whether by the 
compilation of ‘ Floras’ which treat of the plants of particular 
districts, or by travels through districts hitherto unknown 
or not yet sufficiently explored. 

, If we now attempt to sketch in a few lines the history 
of the development of the remaining departments of 
botanical science ;—it appears, as might be expected, that 
the study of the anatomy of plants came into existence 
shortly after the discovery of the art of manufacturing mag- 
nifying lenses. The English botanist Grew (0d. 1711) and 
Malpighi of Bologna (0d. 1694) must be considered as the 
true founders of this study. After the ground had been 
successfully broken by their researches, it was almost en- 

 tirely neglected during the eighteenth century, and the in- 
vestigation has only recently been again resumed, and this 
branch of botany carried to a truly remarkable perfection by 
our contemporaries Alex. Braun, Goppert, H. von Mohl 
(0b. 1872), Schacht (0d. 1864), Schleiden, Unger (00. 1870), 
and many others. 

- While during the eighteenth century the study of ana- 
tomy lay dormant, especial interest was excited by problems 
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3 of piagioley. and a great many pioneers of science cena 
themselves with their solution; among whom may be es- _ 
pecially mentioned Hales (0b. 1761), Bonnet (0b. 1793), 
Duhamel (04. 1781), Priestley (0d. 1804), and Ingenhousz — vee 

(2. 1799). 
- Reference must not be omitted to the fact that the poet 

von Humboldt (04. 1859), at the commencement of this 

century, to put the study of the geography of plants into a 

scientific shape. Paleeophytology was advanced especially 
by Brongniart (vd. 1876), Unger, Goppert, &c. We must, 

) Goethe established the science of morphology on a firmer — 
basis by his writings ; and that it was reserved for Alexander _ 

however, refrain from entering into detail with regard to the . 
~ labours of our own contemporaries ; and will only name the 

- most eminent recent German botanists who have not hitherto 

been mentioned, vzz., among others, De Bary, Caspary, 

Pringsheim, Rabenhorst, Sachs, and Schwendener. ! 

* [The dates, which do not in all cases agree exactly with those 
stated by the author, are given on the authority of Sachs, in his ‘ Ge- 

‘Dippel, Hanstein, Hartig, Hildebrand, Hoffmann, Hof- 

-meister, Karsten, von Martius (0d. 1868), Milde, Nageli, 

schichte-der Botanik.’ As the author has given most prominence to 

German botanists, it may be allowed to name the following in addition, 

as worthy of mention. Among systematists Ray (0d. 1705) holds an © 

important place; and the present comparative perfection of our system - 

of classification is due largely to Lindley (0d. 1865), and Bentham. 
Vegetable anatomy owes much to the observations and publications of 

/ : 

A. St. Hilaire (0. 1853), Robert Brown (0d. 1858), Sir W. Hooker — 
(05. 1865), Payer, Cohn, Dr. J. D. Hooker, Asa Gray, and Berkeley ; 
physiology to C. C. Sprengel (04. 1816), Boussingault, and Darwin, — 

~—EDp.] 
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CHALLE tT: 

THE CELL AS AN INDIVIDUAL. 

IF a small quantity of the green mould (Penzcillium glaucum) | 

which commonly appears on articles of food that have been 
kept for a few days, is examined ee 
under the microscope, it is found CARRIE eas 

to present somewhat the appear- 
ance of a minute tree(Fig. 1). The 
stem is simple, but bears at its 
summit: a number of branches 
resembling strings of beads. 
Each of these strings easily breaks 
up into its separate members ; 
and each of these members has 
the form of a tiny spherical blad- <A |: 

der with a delicate coat, enclosing == Y__} 
contents of a peculiar compo- eee : 

sition. All the branches and | 
the maim stem consist of similar 2 . Green mould, Peni 
betes dicing only; in. their... 2% gtaucum, (x abom 18) 

, iam.) 
greater length ; and these bodies 
are termed ce//s. In the example which we have chosen 
the individual cells are connected with one another 
only like beads on a necklace; but a close examination 

shows us that all parts of all plants are formed of cells, 
or are composed of structures which have themselves. 
been formed out of cells. Examples of this are furnished 
by the ripe but not too succulent flesh of fruits such as the 

L. 
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There is only this one kind of elementary organ, which ~ 

We | differing in its chemical compo- | 
: sition from the contents of the™ 

ao aS Structural and Physiological Botany. 
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» apple, slices of leaves which are not too delicate, such as ~ 
the cabbage, etc. Since therefore, at least at a certain’ 
_ period of their existence, all plants consist of one or more. 
cells, these are termed the elementary organs of planta e 

may vary greatly in its form and behaviour, but is le 

the same in its essential nature. 

Until recently the essential constituents of the cell were 
considered to bea more or less firm cell-wall (Fig. 2 a), 

cell, a ce’/-fluzd enclosed by it, and 
the nucleus, c, occurring 10 ‘the 

latter. The cell-fluid was again 

divided into two principal ele- 
ments, the watery cedl-sap, and 
the mucilaginous semi-fluid Arvo- 
toplasm, b, in the clear transparent 

Fic. 2.—A cell from the root of imbedded a larger or smaller 
the lizard-orchis, Orchis hir- 
cina ; a the cell-wall, consisting number of granules, generally 

of cellulose ; 6 the protoplasm of very small size. Some even 
contracted by alcohol; c the , 
nucleus with a nucleolus. (x went so far as to consider the 

ap cell-wall the most important 
element, and the term cell was applied even to the walls 

of perfectly dead cells which had lost the whole of their. 
- contents. But since cells were subsequently observed, in © 
' which, at least for a certain period of their existence, such a : 

firm wall, differing chemically from their contents, was 
wanting, and since also there are cells in which a nucleus 

hyaline substance of which are 

is never found, it became necessary to modify the idea of - 
a cell, and the only essential constituent is now held to — 
be the protoplasm. In the vegetable kingdom this proto- A 

plasm never remains permanently uninvested by a firm 
envelope, but is always sooner or later enclosed in an — 
elastic more or less solid membrane, the substance of which _ 
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it secretes out of itself. Only those cells are in a living state 
‘which still contain protoplasm; such alone can grow, 
produce new chemical combinations, and, under favourable 
circumstances, give rise to new cells. Cells destitute of 

protoplasm are of service to the plant only by their hard- 
ness, their power of attracting water, and their form, or as 

- protecting envelopes. 

_ Every mass of protoplasm, whether free or enclosed in a cell-wall, 

has a definite external boundary, where a layer of it is distinguished from 

the internal portion by the absence of the imbedded granules, and by 

its consequent greater transparency. This layer, called the prvzmordial 

utricle, is not sharply defined on its inside, but passes gradually into the » 
granular and less dense internal mass ; it is thin, being only very rarely 

of a measurable thickness. The protoplasm which is contained within 
a cell-wall does not generally entirely fill up the cavity, but more often 

occurs as a delicate parietal layer lining the cell-wall on the inside, 

_and surrounding the hollow cavity filled with watery cell-sap. | 

The protoplasm is a compound of different organic substances, 
among which albuminous (nitrogenous) are never absent, and usually 

constitute the bulk of it. It therefore easily coagulates, often merely — 

by the addition of water; and this is especially the case in the cells 

of those plants which do not live in water. It nevertheless contains 

_ abundance of water, and is usually very turgescent ; z.e. it possesses in 
a high degree the power of absorbing water between its most minute 

_ particles, and swelling up in consequence somewhat in the manner of a. 
gum. This power of absorbing water is, however, limited ; as soon as 

it exceeds a certain amount, a watery fluid is exuded in drops in the 

interior of the mass of protoplasm, forming cavities or vaczoles within it. 

The protoplasm can combine with water only slowly-and not in any 

desired proportion ; and, even when most strongly magnified, presents 

the appearance of being separated by sharp outlines from the watery ~ 

fluid which surrounds it, or which fills up the cavities in its interior. 

Water passes easily through a layer of protoplasm ; but the latter offers, 

in the living state, a strong resistance to substances, such as colouring ~ 

matters or salts, dissolved in it, which is generally overcome only by 

_ such injuries as destroy the life of the cell. 

‘Every formation of new cells which can be submitted to observation 
_ begins with a change in the protoplasm, the true body of the cell ; and 

‘this substance is consequently the origin of all new development. It can- 

not therefore be destitute of structure, but must be already organised; . 
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~*~ ane it must be simply the imperfection of our microscopes whch prevents | oe . 
ee us from recognizing that organization which is a necessary accompaniment — 

fee ces of all vital phenomena. One of the most important of these phenomena cstins 

ee is its motility or power of movement, -A 
continuous, even though generally ex- — 
tremely slow and imperceptible, movement 
of the minute particles is inseparable from. 

the idea of life ; and that movements of 

this kind must be especially energetic in 

the case of protoplasm may be inferred 
from its extreme importance to the life of © 
the plant ; although they are usually not 
visible. Perceptible movements are espe- 
cially clearly seen in some of those cells 
—termed primordial cells—which are not 
enclosed in a firm cell-wall; the move- 

ments of the protoplasm being often so ~~ 
vigorous in them that the cells are pro- °-° 

pelled to a considerable distance from their 

original position, and present-to the be- 
ginner the appearance of animal organisms 

endowed with voluntary power of motion. 

Instances of this are furnished by the 
‘swarming’ motion of swarmspores and 

antherozoids, the amceba-like movements 
of the Myxomycetes, &c. Protoplasm 

which is enclosed in a cell-wall has, it is 

true, no power of escaping from its enve- ~ 

lope ; but even in these cases the micro- 
scope shows a ‘streaming’ of the proto- 

| BN Pees Y plasm in all young living cells. The course 

aa aus of the current is usually only along the 
ee SM wall, and in simple spiral or reticulate 

cael lines, and is then termed vzofation, as in 

AS gh ese Chara and Vallisneria ; less often, as in the 
Fig. 3.—Circulation of proto. filaments of 7vadescantia, itpassesin threads epee ee plasm in an elongated cell of . 

chi _ the celandine; # the nucleus and bands transversely through the cell- ~~ 
eee vith amicleolus. The arrows 
pie “indicate the direction of the S@Pp,and is then called cé~culaton (Figs 3). 

| currents. (x 460.) The currents are apparently irregular, now. ~~ 
- : 3 advancing, now retreating, sometimes suddenly arrested and commencing __ ‘ 

Nall : again with two-fold rapidity, and again forming for themselves Bee, eS 

- paths through the cell-sap. Braces ps 
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Possibly in all, at all events in the immense majority ot cells, are 
nuclet or cytoblasts. In the dead state the nucleus is a spherical or 

flattened lenticular body of from 0'004 to 004 mm. diameter; they 

often possess a pellicle, and contain one or more zwucleoli (see Figs. 2 
and 3). Inthe living ccndition they are very difficult to recognize, but, 

as far as we know at present, they are larger than when dead, and of 

. Fic. 4. — Spherical Fic. 5.—Ellipsoidal —S_s Fic, 6.—Hour-glass 
cell from the flesh cell from the flesh shaped cell from 
of the peach. (x of the peach. (x the flesh of the 
370.) 41390.) peach. (x 370.) 

f 

variable irregularly jagged form. They creep about in the protoplasm. 
in which they are imbedded after the manner of an Amceba, and certainly. 

Fic. 8.—Disc shapedcell : 
aunicellular Alga, Cos- 
cinodtscus. (X 390.) 

Fic. 7.—Stellate cell from the hori- 
zontal septum of the air-passages of Fic. 9.—Crescent-shaped 
the flowering rush, Butoneus ume- cell of a stoma (guard- 
bellatus. (x 780.) cell) 

take the largest share in the continuous shifting and transformation of 
the bands of protoplasm which start from them. 

< 
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The cs ane size of the naked cell (without on wall) 

_ are very various, in consequence of the constantly changing 3 
motion of the protoplasm. In those which are enclosed in 

a firm wall or membrane of cellulose, the cell-wall determines + ~ 
= the size and form of the cell. Although cells vary relatively er 
~).. so greatly in size, they are generally very minute even in- 

| - their mature state, being scarcely visible to the naked eye, or 
-‘ altogether invisible. The unicellular Zo0glea Termo tor 

Fic. 1o.—Tabular cell 
- . from the epidermis of 

. Callitriche. 

Fic. 11.—Irregularly stellate cell: a uni- 
Vg ae cellular Alga, Euastrume crux-neliten- 
AS - §ts. (X 400.) . ‘ 

| example, is from o‘oor to o’oo2 mm. broad and long; 
-' the diameter of pollen-grains, which also consist of a single 
+ cell, varies between ovr and 00075 mm. ; the lignified cells 
in the wood of the oak (Quercus pedicellata) have an average ~ 

| | length of about o-7 mm., and those in the trunk of the silver 
fir, Abzes pectinata, one of from 2 to 3mm. Thereare, how- 

ein S: ever, cells of a considerably larger size, especially in. -— 

the Characez ; thus /Vi7e//a has cylindrical cells more than 50 
| mm. long, and 1 mm. in diameter. The walls which bound 

‘the cells are seldom flat, but usually curved, of perfectly — | 

spherical, cylindrical, or even branched and arborescent form. —_- 
The most common forms of cells are—spherical (Fig. 4); 
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of a fern in various positions 
' Fic. 12.—Tetrahedral cell 

(greatly magnified). 

Fic. 13.—Prismatic cell from the 
bast-parenchyma of a Begonia. 
(x 370). 
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Eades : Fic. 16.—Polyhedral cell from the pith of Acacia loprantha ; 
de : a seen in transverse, 4 in longitudinal section. (x 370.) 
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oleander, treated with ammoniacal 

larch, (x 200.) | of the outer shell; s” spiral bands of 

cs dissolved, the latter partially; ¢ 

800.) 

Fic. 18.—Part of a bast-cell of the i 

Fig. 17.—Branched bast-cell of the cupric oxide: s/s’ spiral bands 

the inner shell; the former nearly ie y 

third innermost mass of layers. «x =~ 
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Bs | ellipsoidal (Fig. war hour-glass-shaped (Fig. 6); stellate 

(Figs. 7 and 11); disc-shaped (Fig. 8); crescent-shaped 

~ 

(Fig. 9); tabular (Fig. 10); tetrahedral (Fig. 12); prismatic 
(Fig. 13); fusiform (Figs. 14, 15); polyhedral (Fig. 16); 
irregularly branched (Fig. 17). 

All these forms, to which many others might be added, are mateo 

“from cells which are originally more or less spherical, according as the 

pressure to which they are subject from the adjacent cells is greater or 

less, and according as the vigour of their growth on all sides is more or 

less uniform. It is by far most probable that the growth of the cell- 

wall, when once formed, takes place solely by zztussusception, that is, by~ 

the intercalation of fresh particles of cellulose among those already in 
‘existence. This process is the essential element of those long- enduring _ 

changes of a physical and chemical character to which the cell-wall is 

subject during its growth, causing it to be of essentially different — 

nature from the shell of a mussel, on the inner side of which new 

layers are being constantly deposited. The wall serves not only for the - 

external protection of the cell, but is most intimately connected with its 
life ; so that even when the cell has long ceased to exercise an active 

influence on the life of the plant by the formation o fnew cells or by the 

secretion of special substances within it, other changes are still proceed- 
ing in the cell-wall, which may often be perceived even by the naked 

eye ; as in ebony-wood, the innermost layers or ‘duramen’ of which — 

- become of a darker colour than the ‘alburnum’ or layers’ of wood 

which lie nearest to the bark. 

The cell-wall appears at first as a thin, apparently. | 

structureless membrane (the primary cell-wall); in the 

course of its growth, however, several layers, c¢hzckening- 

layers, are apparently deposited at an early period on the 
inside. Although under the microscope these layers seem 

very clearly defined from one another and from the primary 

cell-wall, such a definition does not actually always exist 
(see Figs. 19-21). The fact that the cell-wall appears to 
consist of several layers depends on the unequal density 
of the separate lamellz ; and this can be explained by an 
unequal absorption of ones the layers appearing as if 
quite unstratified when dry. Always less evident than the 

thickening-layers, there can be perceived on the cell-wall 

The Cell as an fadtoidudl ; 15 
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anne el longitudinal, and transverse striations eg. 4s 
| 26, p. 18); and this s¢réatzon is also, as a tule, voy the result : ae 

Fic.,19.—Transverse section of a 
cell of the pith of Clematis vi- 
talba; p primary cell-wall; ¢ Fic. 20.—Bast-cell from the stem of Urania 
innermost thickening-layer; P guyanensis, with several shells (1, 2, 3, £) 
pore-canal ; z intercellular and simple pore-canals P; fs primary cell- . 
space. (x =80.) wall of an adjacent cell. ( x 780.) 

of an unequal absorption of water. The formation of shells, — 
in which the cell-wall is split up into two or more strata of 

Fic. 2t.—Lorgitudinal section through several cells of the epidermis of the Mis- «|; a ae 
tletoe thickened on one side only ; s thickening-layers ; c cuticle. (x 660.) 

different chemical and physical properties, must be clearly 

distinguished from the thickening layers. Each of these 
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shells corresponds to a complete system consisting of a * 
- number of thickening-layers, and may manifest the striation DA ae 
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Fic. 22.—Entire cell, with parts of Fic. 23.—Two cells from the wood of the hie . 
- contiguous cells, from the endo- Scotch fir in transverse section, each =? FONE 

_ sperm (albumen) of the seed of the with a pore #, widened at its base. * | aS 
vegetable ivory, Phytelephas, By the disappearance of the original oe 
with pore-canals(P P) somewhat cell-wall the two widenings have united i eee 
widened at the base. (x 370.) to form the ‘ border,’ Z; z intercellular mite ees 

space. (X 660.) Bove ess t 

already described. This formation is peculiar to more, fd 
- strongly thickened cells, and can usually be detected only = 

3 | re 

o i 

Fic. 24.—Part of a’ wood-cell rs 
| drom™ the "Scotch ‘fir .,seen.” 2: 

vertically (cf Fig. 27); p a 
open pore ; Zits border, which : rae 

_has the appearance, seen from ee Wes 
above, of a_saucer-shaped Fic. 25.—Lignified parenchyma from xs) 
depression with a_ central the shell of the walnut, with branched Se 
orifice . ( x 660.) pore-canals. (x 660.) aah a; 

by the application of powerful chemical reagents, which 
cause the shell to split up by fissures previously existing into 

, & 
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- - * #16, 26.—Bast-cell of Fic. 27.— Wood-cell of Fic. 29.—A_ spiral cell Fee 

from acactus, Opuntia 

bordered pits; wz 72 Tuna, with strongly — gas 

tercrossing spiral pores connecting the thickened spiral band. ~ 

striations. (x 370.) cells of the wood with (x 400.) Sees ines 

Mein sik <3 those of the medullary 

ans : rays. (x 400.) 

Cynanchum _vince- the Scotch fir, with 

es toxicum, with in- 



uniformity very soon sets in at various spots. 
especially manifested at the corners and edges, the cell- 
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several spiral bands (Fig. 18, p. 14). . The thickening-layers 
-often increase so considerably that the space enclosed by the 
cell-wall, the ced/-cavity, almost entirely disappears (Fig. 20). 

The increase of the cell-wall in thickness is almost in- 

variably uniform only in its earliest stage ; a want of 
This is 

-- cavity being always more or less rounded off; but it sub- 

Fic. 30.—A spiral cell 
from a cactus, JZamezt- 
laria, with flattened 

Fic. 31.—Piece of aa 
annular cell from the from Arundo donax, 
stem of the Turkish with strongly thickened 

Fic. 32.— Annular cell 3 

spiral band. (x 400.) wheat; the edges of con= 
tiguous cells are visible 
on the cell-wall. (x 500.) 

rings placed at different 
distances and different 
angles, (x 400.) 

sequently often takes place only on one side (Fig. 21), or so 
slightly at particular spots that petted or fore-canads are formed 
at those spots. These are sometimes simple (Figs. 19, 20), 
sometimes branched (Fig. 25). The canals from adjoining 
cells constantly meet; sometimes they are widened at their 
base into bordered pits (Fig. 22) ; and the membrane between 
these frequently disappears, so that cells become thus actually 

perforated (Figs. 23, 24). According to the development of 
| C2 3 
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of the thickening-layers we distinguish between a 
2 the pits or 
Sie pitted cells (Fig. 27); -retiulated cells (Fig. 28), spiral cells: Re 

2 | (Figs. 29, 3°), annular cells (Figs. 31-34), and scalar iform 

| (ladder-like) cells (Fig. 36). Pitted cells, which are furnished "09 
ty F ww 

~ in addition with spiral, reticulate, or annular thickeming- 

sy 
ek 

iy, 

“OG 

ea ‘ 
: } 

ge : 

a 

a * 4 

ec 

beers, a Fic. 33-— Annular cell Fic. 34. — Annular cell Fic. 35.—Piece of a re- © ’ 

Rieer e 385 trom an Opuntia with from the balsam, Zad- ticulately pitted tra- ~~ 

hi -. rings passing over into samina hortensis, with |. cheide from the lime, © — 

et ae a spiral band. (x 400.) the primary cell-wall Tilia grandifolia. (X 

A ae bulging into a barrel- 400.) . SATS am 

er ht shape between the 

oR | rings. (x 400.) Sein. 

Oe _. layers, are also called ¢racheides (Fig. 35); they occur, for | 

example, abundantly in the yew, lime, and Viburnum, 
- The increase in thickness of the cell-wall takes a very peculiar form = 

Jr eae ‘in the epidermal cells of many Urticaceze and of some other plants. In 

the interior of specially enlarged cells, stratified and finally club-shaped | Paty 

tee >. outgrowths of the wall are formed, in which are deposited small crystals, - be 

her ik a; “scancely or not at all distinguishable as such, of calcium carbonate (Fig. 

ee a - _ 37), These clustered structures are known as cystoliths. Bodies of asimi- 

Jar nature occur, though less frequently, in the pith, as in Kerria japo- : 

, y 5 £ ‘no 
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nica. Of the same nature are the deposits of crystals of calcium oxalate 
In the cell-wall, as for example in the leaves of the citron, the epidermis 

of the root of the Lombardy-poplar, &c. 
The cell-wall consists of a peculiar substance called ce//wlose, having 

the chemical composition C,H,,O,. It is found in the pure state only 

in young cells ; in older cells it is often concealed by other bodies 
which are said to incrust it, or becomes altogether transformed into other 

élasticune. (X 370.) 

Fic. 36. — Scalariform cell 
from the underground stem 
of the brake, Pteris agut- 
lina. (%* 500.) 

‘Substances. Cell-walls are intimately permeated, by means of zucrws- 
tation or infiltration, by other substances which are deposited among 
the particles of cellulose. The cell-walls of many Algze are converted 

__ by incrustation into actual coats of silica, which are often marked with 
very beautiful tracings, so fine that they are used as test-objects under ~— 
the microscope ; and this is especially the case in the diatoms (Figys 

Fic. 37.—Cystoliths from the leaf of Urostigma 
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Fhe Cell as an Individual. Ct) ee 

by which cellulose is converted into Zgwine or cork. The various cases of 
the second kind, in which the transformed and absorbed portions of the 

cell-wall are retained to support the life of the plant, have been comprised 

under the term resorption. To this class belong the disappearance of 

particular portions of the cell-wall in the coalescence of cells to be here- 
after described, as well as the resorption in the formation of bordered 

pits, in which the cell-walls between the canals have become absorbed. 
As examples of excreta produced from cellulose by transformation, and 

no longer of service for the life of the plant, at least in the formation 
and nourishment of cells, we may regard gum-arabic, cherry-gumn, gum- 

tragacanth, and other similar substances. In some cases only particular 

39.—Transverse section of a piece of the testa of the seed of Polemo- | 
nium ceruleum. After moistening with water the layers of swollen cells 
emerge above the outermost cells in the form of a jelly (after Unger). 

/ 

cells are subject tothese transformations ; in others all without distinction. 
Thus, for example, in the stem of the cherry or plum-tree, gum may be 

produced from any kind of cell. Of a somewhat similar nature to this 

formation of gum is the conversion into mucilage of the epidermal cells 

_ of many seeds, as in linseed and quince seeds. In these cases the cell- , 
wall is excessively thickened ; but, while otherwise retaining all its 
special characteristics, the innermost layers swell up to an extraordinary - 

extent in water, so that they burst the outer layers which have not the 

same property, and emerge as a transparent mucilage (Fig. 39). The 

secretions of cells, which will be referred to hereafter, must not be con- 

founded with these products of transformation of the cell-wall. | 

Besides protoplasm, the nucleus, the watery cell-sap, 

~~. ) ore. 
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ae i and the solid substances and gases contained i in it ina state, Hii 
of solution, there occur also. in the cell various special cell. 

i ae» Contents. To the solid substances of this nature belong pig- i “ a 

-» ments, starch, crystalline formations, aleurone, and “resi 04 4 
oe 

, or to the fluid substances oil, caoutchouc, viscine, and gutta-_ 

percha. The albuminous or proteinaceous substances are’ ys 

sometimes solid, sometimes dissolved. Finally, in the living woo 

cells occur sugar, tannic acid, and inuline, dissolved in water, 

} The most important of these substances is chlorophyll, the source of £29 

_~ the green colour of plants. It is always combined with particles of pro- 

toplasm of definite form, which in consequence appear of a green | F 

colour, and are called chlorophyll-bodies. These occur and are formed 4 

_ only in those cells which possess a cell-wall, never in naked primordial ee i 

Cells. - They are usually lenticular, rarely in the form of bands a 
ie) _ | (asin the Conjugate, Fig. 41), stellate figures, or in undefined flakes. Lag 

Re _ Chemists are not yet agreed as to the chemical composition of chlorophyll ;_ a 

_. but it is probably composed of two independent colouring substances, a — 

golden yellow and a blue-green; it is possible also that iron is an — 

Ly essential constituent of it. The access of light is also an indispensable 

-~ condition for its formation. Plants otherwise green which grow in the 

- dark become bleached or etiolated ; a very small quantity of light is, 

however, sufficient to produce chlorophyll inmany plants that growin the 
shade. The germinating seeds of many Coniferze and the fronds of — - : 

_ ferns afford a striking exception, becoming green even in absolute 

., darkness when.the temperature is sufficiently high. The chlorophyll-. — 
“bodies, which arise from and in the protoplasm, remain subsequently ; 

» imbedded in it, and are especially found in a motionless layer of the : 
_ parietal coating ; rarely, as in Vallisneria spiralis (Fig. 40), in the Cures ai 

ess - rents themselves of the protoplasm. They consist of a colourless pro- 

eat _-toplasmic fundamental substance, in which the green colouring matter ae 

. ~~. is imbedded. They possess no proper membrane, although the outermost 
_» layer is denser, the density decreasing gradually towards the fluidin- 
terior, and affording therefore a comparison with the primordial utricle 
of the protoplasm. In their interior are often found granules of starch, 

which have generally been formed there under the influence of light ; i 
20. while less frequently (in some Muscineze, as Azthoceros and Fissidens 

--  bryoides) they are points of crystallisation around which the mass of oo) 
| chlorophyll has been deposited. The chlorophyll-bodies do not usuaily in- | Poe 

trl crease greatly insize ; but in A/etzeeria furcata (a Hepatica) the diameter : oe : 

has been observed t6 increase from 0°0003 mm. to 0'006 mm. 3 



re multiply also by division, splitting up into two new bodies, each capable 

_ of independent life. 
The parts of plants which are not green, as the petals, have peculiar 

_ pigments in their cells, sometimes dissolved, sometimes as solid particles. 

Particles of a red pigment are found, for example, in Adonis autumnahs, 

0'004 mm. in diameter, of an orange colour in Zinnia elegans, yellow in 

an | 
‘ 

a athe San a Wei Fic. 41.—Band of chlorophyll in 

—_ 350.) 

Fic. 40.—Cells from the leaf of Vadllrs- 
neria spiralis, ‘The round bodies are 
grains of chlorophyll ; the arrows denote 
the direction of the currents of proto- 
plasm. (x 800.) 

Kerria japonica. A violet colour is always, a blue colour usually, due 

to dissolved pigments. As an example how peculiarly the separate 

pigments may be distributed in different superimposed layers of cells, 

the marginal flowers in the capitulum of Zzvza elegans are scarlet on the 

_ upper, light yellow on the underside, the uppermost layers of cells con- 

tain a purple sap with orange granules, all the rest a colourless sap 
_ with a smaller number of light yellow granules. Only those cells which 

are filled with air appear white ; a black appearance depends on a dark 
shade of a violet or brown colour. The conditions which favour the» 

formation of the bright pigments are not yet known; the agency of 

T he Cell as an Individual. vee : 25 

Spirogyra (Conjugate): two | 
cells seen from the surface. (x — 
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‘Still more widely distributed 

, formed and found likewise only in those cells which a 

‘Z \ 

ted with a cell-wall. 

of starch possess the common characteristic of turning an indigo 

‘soon as the form of the parts of the flower is determined, even thou 

hlorophyll is starch 

ue ‘light is not probable, since the bright colouring of flowers appears — BS 
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- colour on treating with an aqueous solution of iodine.' They have the, 

same chemical composition as cellulose, C,H,,O; ; they are insoluble in 

cold water, but swell up very strongly in boiling water, forming a 

paste. Ifstarch mixed with saliva is heated for some time to 45° or 
- 55° C., the substance which is coloured blue by iodine is removed. The 

that is coloured blue by iodine, granzdiose, together with a cellulose 

conclusion which naturally follows, that starch consists of the substance 

substance that is not so coloured, called farzzose, must not, however, be 

considered as finally determined. The grains of starch are always 

Fic. 43. — Starch- Fic. 44.—a, 4, starch- Fic. 45.—Starch-grain from 
grain from the scar- grains from rye. (x the stem of the sarsaparula, 
let-runner. (x 660.) 660. ) Smilax Sarsaparilla. (x 

660.) 

formed originally within the chlorophyll. On their first origin they appear 

as infinitesimally small bodies, which are invariably of a spherical form 

until they have attained a certain size. In the course of their further | 

growth they deviate in a variety of ways from this form (Figs. 42-46). 

The fully-developed starch-grains of the sorrel and of the tuberous roots 

of the orchis are spherical ; those of the grains of cereals lenticular ; of 
the potato ovoid ; grains of the shape of a rod or bone are found in the 

latex of tropical Euphorbias, &c. (Fig. 46.) ) 

Mature starch-grains consist, as a rule, of a num er of layers which- 

appear to have been deposited around a central or eccentric nucleus ; 

but it is impossible to believe that separate layers have been actually 
so formed in the course of growth; it is much more probable that 

they grow by intussusception (see p. 15), and that the stratification is 

only the consequence of the layers-or shells containing a larger or 

smaller quantity of water, as is shown by perfectly dry grains of starch 
being unstratified throughout. Those grains which contain two or more 

/ 

} An exception. is perhaps afforded by the membranes of the asci of 
Lichens, with respect to which, however, it is at present undetermined 
whether they contain starch or not. 
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fae e+ Puc. 46, —— Starch- Fic. 47. —.Chloro- Fic. 48.—Crystals from the leaf = 
oan grains from the la- _ phyll-grain of /P7- of Begonia heracletfolia; a, ~ i) 
foi >. tex of Luphorbia lea muscosa, en- a single quadrate octohedron; ~ 
tam as Shlendens. ( X-660.) closing four starch- 6, twin-crystals of the same Rei 

Fae grains, a (greatly form. (x 660.) 3, aE 
magnified). _ 

me separate the grains have advanced as far as the outer circumference 4 

*. . (Fig. 45). In opposition to these truly compound grains those are ~ ~~ 

| “ 

; 
{ ~ 

| el 

oon 
: 

} \' 4 . aie 

~ I 

Ec 48,-—Groups of crystals; a from the Fic. 50.—Cell from the stem of Aloé ae, Re 

-leaf of Begonia heracletfolia (quad- retusa, with raphides. (x 320.) Boh 

rate octohedra) ; 6 from the stem of eS 

 Urostigma elasticum. (x 660.) on ae ae 

called pseudo-compound where several are enclosed together in one nD 

vesicle, as in a grain of chlorophyll (Fig. 47). Only ina comparatively ‘ 

4 os) va 
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¥ small number of groups of plants has no starch been fcund up to the 
present time, as in many Algz and Fungi. The purpose of the forma- 

tion of starch is that it may be stored up in the cells as a reserve food- 
material, which becomes dissolved in the subsequent formation of new 

f 
2 

= =< 

— 

== 

Frc, 51.—Longitudinal section through the inner bark of the stem of Hoya 
Together with the thin-walled parenchyma, partly containing 

chlorophyll with starch-grains, partly crystals @ and £7, are bands of 
very strongly thickened pitted parenchymatous cells p, and laticiferous 

CarIUOSA. 

vessels 72 772. (X 250.) 

aires 
: Upces 

= W 

{ 

cells, and can then be used as a formative material. Itis, therefore, de- 

posited in especially large quantities in bulbs, tubers, seeds, pollen- 

grains, and generally in those organs which, when vegetation awakes, 



ag | (Bee fe Chap. v. Ve se ss 
ae “Crystals occur in particular cells in almost all the pigher Bees i oe a 

-. plants, less often also in the less highly organised Cryptogams ; and in Bes 

pe i Conifers are also frequently found imbedded in the cell-wall. They ie 
Hate consist of calcium oxalate. The crystals, when separate, contain six equi- gs 

valents of water of crystallisation ; their stem-form is a blunt quadrate 7 

-octohedron (Fig. 48). ‘lhe bundles of acicular crystals or vaphides 

have, on the other hand, only two equivalents of water of crystallisa- 
ait -\ «tion, and are klinorhombic columns or hendyohedra (Fig. 50), often 

eee very similar in form to those of calcspar. The groups of crystals ~ By 

...~ , ‘have one or the other form according to their chemical constitution — = 

iy © (Figs. 49, 51). ae 
vies The albuminous or proteinaceous substances contained in the cane Aree any 

of special importance, since they stand in the closest relationship to ~- | 
t 

* 

2 ‘ Vd 

ae 

j! 

Y 4 

q 

Fic. 52.—Crystalloid £7, in a paren- Fic.53.—Sphere-crystals of ‘hae NDE 
.. -chymatous cell of the potato-tuber ; in a parenchymatous cell from © _ 

a & nucleus. (x 420.) a tuber of the dahlia preserved = 

we 

i 

} 
t 

LV 
y 

in alcohol, after addition of ni- Eat 
tric acid. ( x 420.) : 

! “protoplasm. Their presence is generally detected with tolerable eae ibs 
under the microscope, being coloured red by the addition of water | we 

and sulphuric acid or mercury subnitrate. They usually apres to Be eat 
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; poutetly Bswolved in the cell-sap, often as eranular masses, more 

rarely in a crystalline form, as protecne-crystals or crystalloids. They 

exhibit all the essential properties of protoplasm, and are not true 

crystals, differing from these essentially in many respects. The cubic 

crystalloids of the potato, for example (Fig. 52), are not dissolved by 

water, but break up in a peculiar manner so as to appear as if composed 

of several layers. Crystalloids generally occur in the cells in which 

reserve food-materials are stored up for future use, especially in ony. 

seeds. 

Grains of enone occur frequently in the endosperm and the cotyle- 

dons. In seeds which contain starch this albuminous substance includes 

only a little oil, and does not form granules, as in the grasses, bean, 

-vetch, sweet chestnut, &c. In oily seeds, on the contrary, such as the 

Brazil nut, nutmeg, Umbelliferze, &c., it replaces the starch-grains. 

Crystals of calcium oxalate, or roundish or clustered granules (g/obozds), 

a double calcium and magnesium phosphate in which the latter is 

greatly in excess, are frequently found in the grains of aleurone, im-— 
bedded in albuminous substance. 

The roots of Compositz, as the dahlia, sunflower, &c., and less often 

the stems, contain a peculiar substance called zudine. In the living 

cell it occurs only in solution, and is only precipitated on evaporation 

or on the addition of alcohol or of some other substance that has a 

s'rong attraction for water. Ifthe process is successfully and rapidly 
performed, the inuline has the form of fine granules which have often ~ 

a frothy appearance ; but if the process goes on for a considerable time, 
it forms remarkably beautiful spherical bodies, called sphere-ca Tae 

(Fig. 53). 

Besides these substances and those already mentioned, others often 

- occur dissolved in the cell-sap, the presence of which is. proved by- 

chemical tests, but which cannot be detected in the cell itself even by 

_ the microscope. To this class belong especially the alkaloids, strych- 
nine, brucine, chinine, cinchonine, &c. 

\ 

By the term cel/-formation is understood the mode of — 

origin and multiplication of cells. These two processes 

are identical, if we confine ourselves to what has at present 

_been determined by direct observation, and do not assume 
an equivocal or spontaneous generation by which new cells 
are formed without being derived from mother-cells, simply 
by the concourse, under favourable circumstances, of organic 
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+. formation may be distinguished :— 

Chap. VI.) 

cence of two or more protoplasmic 

appearance of an opening at the 
point of contact, concluding with 

of the two cells for the purpose of 
reproduction (production of spores). 

: In its typical form it is limited to a 
- -__-FiG.54.— Conjugation and spore- few Algze and Fungi. (Fig. 54.) 
Spey formation of Szrogyra qut- 

cell not yet conjugated ; c,d 
ee : successive stages of conjuga- the formation of two or more [PAs acs 3 
es Oh hs 320) toplasmic bodies out of one. 

the protoplasm which is destined for the new cell losing its 
“previous power of motion, and contracting into a spherical 
form. When the original cell, termed the mother-cell, pos- — 

-.- -gesses a nucleus, this process is preceded by the formation 

of fresh nuclei which are destined for the future cells, the 
_-— daughter-ceils (Fig. 55, I.). The formation of these new 
* *.~ secondary nuclei takes place either by the division (most 
re. a _ frequently the bipartition) of the existing nucleus, or by their 

<'. primary nucleus of the mother-cell; as many new nuclei 

ve & uo ’ or-even of inorganic bibetanices Three main types ee f celle oe 

- 1. The renewal or rejuvenescence of a cell, ze. the ‘erage a 

Bee tion of a single new cell from the entire protoplasm ofacellal- 

ee ee in existence. This occurs in the formation of a swarm- — 

Por spore out of the entire contents ofa 

| : vegetative cell, especially among the — 
Alge (see Classification of Alge, 

2. Conjugation, or the coales- 

bodies in the formation of a cell. — 
This begins with the lateral approach © 
of two neighbouring cells, and the — 

the complete union of the contents _ 

nina: a@ amature spore; da 3. The multiplication of cells, OF 22: 

Each of these modes of cell-formation commences by 

~__-re-formation after the previous absorption of ‘the nee 

> being formed as there are cells to be produced. In the further — ue 

> 
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- course of development two opposite conditions occur, which 

are distinguished as free cell-formation, and cell-division. 

In free cell-formation the masses of protoplasm of the 

mother-cell collect around the nuclei previously produced, 

| 
| 
2 

¥ 

Fic. 55 I1.—Cell-division in the endosperm of the scarlet-runner seed. The 
cells which originated by free cell-formation have closed up, and now 9 

- multiply by division ; @ mother cell in its unchanged state ; 6 commence- : : 
ment, c completion of division into daughter-cells ;d a similar celltod,the: ~ 
contents of which have been contracted by the addition of water. (x 670.) 

and thus form themselves into new cells which remain en- cate 
closed within the mother.cell, the life of which still con- Jog 

tinues fora time. In most cases they have already formed a 
cell-wall of cellulose while still enclosed within the mother- 
cell, as in the case of pollen-grains and the embryo-sac of 
Phanerogams (Fig. 55 IJ.); less often not till after their 
escape, aS occurs in swarmspores. This membrane of . 

D | 
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cellulose is formed outside the primordial utricle of the — 
protoplasm by the solidifying of a more or less fluid sub- 
stance which is excreted from the protoplasm. ee? 

The formation of cells by ced/-diviston is far more common — . 

than that by free cell-formation, since it alone takes place 
in all those processes which depend on normal growth. ; 
In this process the protoplasm of the mother-cell separates — 5 

into several portions, which generally fill up the mother-cell 

SO completely that no more space is left than is sufficient 

Structural and Physiological Botany. 
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Fic. 55 II.—Free cell-formation in the embryo-sac Fic. 56.—TIwo- cells of 
of the scarlet-runner; @ a cells already perfect. SAtrogyra in the act of 
(x 670.) division, after contraction 
of the cell-contents by the addition of a solution of sugar, the portions of the cell- 
wall already formed being thus made visible. In each half of the cell is a 
secondary nucleus from which bands of protoplasm proceed to the margin. 
(Strongly magnified.) 

for the production of cell-walls. In certain cases, in which 

the membrane is formed gradually, the division of the proto- 
plasm into its separate portions, which advances from the. ee 

outside of the cell towards the centre, is accompanied part ~ 1 

passu by the formation of the cell-wall. This first makes its - _ 
appearance as a narrow ridge on the inner surface of the “ 
original cell, which gradually increases in breadth until at 
length it has divided the entire cell-cavity intocompartments. _ 



The Cal as an Individual. a6 

Actually to observe this, it is necessary to add to the cells at 
‘the proper stages some substance with an attraction for water, 
such as alcohol, so as to contract the protoplasmic con- 
tents (Fig. 56). Examples of this are furnished by many 

— filamentous Algze, as well as m the formation of the pollen- 
grains of many Dicotyledons. The formation of the new 
cell-wall does not always proceed so gradually and uniformly 

along with the division of the protoplasm; in many cases, as 
in the formation of the pollen-grains of the great majority of 
Monocotyledons, the production of the entire cell-wall takes 
place suddenly, or at least so rapidly that it is impossible to 
detect the intermediate steps (see Fig. 55 I., p. 33). The 
number of daughter-cells which arise in the mother-cell — 

- yaries, but is always uniform in any particular case. 3 
Not only is the number of cells increased by cell-multi- 

plication, but, in consequence of the newly-formed cells re-_ 
taining a connection with one another, the possibility is 
afforded of the production of larger cellular structures, the 
most complete development of which occurs in the higher 

_ plants. 

CHAPTER, 1. | 

THE CELL AS A MEMBER OF A GROUP OF SIMILAR CELLS. 

ONLY a comparatively small number of plants consist, during 

the whole period of their existence, of a single cell; in the 
greater number the cells are united into groups. The pro- 
duction of these groups of cells is caused by two circum- 
stances :—In the first place, the cell-walls of young con-- 
tiguous cells, where they are in contact with one another, 
amalgamate into a homogeneous mass; and secondly, cells 

- originally distinct coalesce with one another when the 
portions of the walls that are in contact are of nearly the 
same nature. This union of adjacent cells is so intimate 

D.i2 
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that it can be artificially destroyed only by chemical re- 
agents which dissolve the outermost layers of the cell-walls : 
themselves. It nevertheless happens very frequently that, — | 
in consequence of the unequal growth of adjacent cells, the 

cell-walls which have already coalesced again partially or 
entirely separate from one another, so that a cavity or zater- 
cellular space is formed between these cells (Figs. 60, 63). 
The form and arrangement of these small intercellular spaces | 

differ greatly in different plants, and in different parts of 
the same plant. They occur, for example, between the 
spherical cells of certain groups, where they form together 

a system of zntercellular passages, which often increase ~ 
into capacious air-cavities, air-canals, or large open spaces. 
The causes which co-operate in the formation of these in- | 
tercellular spaces may be very various ; in addition to the — 

- separation of cells previously united, a dismemberment and | 
subsequent drying up of dead cells may be especially 
mentioned. 

here is no special substance uniting and uniformly cementing 

_together the individual cells ; but if groups of thick-walled cells are 
examined, it is generally found that 

the contiguous cells are connected ~ 

together by a uniform median layer 

apparently common to the two cells. 

It was the figuring of this structure 

(Fig: 57) which originated the idea. 

of a peculiar ‘intercellular sub- 

stance’ not belonging to the cells ;_ 

but a more exact investigation, 
especially of the development of 

the groups of cells, shows that even. 
in these cases there is no indepen- 

Fic. 57.—The so-called ‘ intercellular sth methan layer, but ‘fathers 
substance,’ as delicate. lines which region where a coalescence has, _ 
le aml ara ner es taken place of contiguous cell-walls 4 

ipo which may have undergone in the 

course of their growth some important change in their chemical nature. : e ‘- 

~ 
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Certain differences exist in the groups of similar cells, 
according to which they: are distinguished as families or 
colonies, tissues, and fusions of cells. 

A cell-family originates from a single mother-cell ; and 
each of the daughter-cells preserves its own individuality, 

which can even proceed as far 
as separation from the family. 
In Pediastrum rotutla, for ex- 

ample (Fig. 53), the “sreen 
contents of each mother-cell 

break up into several spherical 
F See Pe ee aoe daughter-cells ; the innermost 

cells. (x 250.) membrane of each separate 

mother-cell then protrudes through a fissure and rapidly en- 

larges, in order to make room, in the cells formed in it, for a 
creeping motion which lasts for some time. As soon as_ 

_ Fic. 59.—Pleurococcus superbus: aa family of four cells; the cells themselves are 
naked, but the whole family is enclosed’in a common cell-wall consisting of six 
layers ; 6 each cell has developed a separate cell-wall; c the original cell-walls 

‘. ‘have burst, and the separate cells have become free ; they continue for some time 
in motion, then come to rest, and develope new families. (After Cienkowski, x 320.) 

this motion ceases, the sister-cells place themselves together 
so as to form a plate, and produce in their development a 
-new colony. Cell-families occur only in the lowest classes 
of plants, the Algz and Fungi (Fig. 59). 

The union of cells into ¢sswes and cell-fusions 18 perma- 
nent, and is combined with a limitation in various ways of the . 
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—__- functions of the separate cells. In the former the cells unite ee 
only into a group, the elements (separate cells) of which can — 

still be easily recognised, and still possess a certain individu- 

5 Fic. 60.—Transverse section through the ‘ punctum vegetationis’ or original 
parenchyma of the fig, /zcws carica ; the cells are still roundish and in , 
the act of dividing. (X 1200.) La ; 

° 

ality ; in the latter, on the contrary, the separate cells coalesce  - 
into a single individual, the elements of which are often com- 

Fic. 61.—Parenchymatous tissue ; transverse section through a deeply buried . 
part of the pith of the apex of the plumule of the horse-chestnut ; the cells ~ a 
have become crowded and hence polygonal; only a few have as yet - 
divided. (x 800.) 

pletely indistinguishable as such. Both are of much greater es 

importance in the vegetable world than cell-families, since 

their occurrence 1s incomparably more frequent. OS ae 
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If the cells which constitute a tissue are pointed at their 

ends, much longer than broad, and dovetailing into one 
another, the tissue is called prosenchyma. If the cells, on the 

other: hand, are arranged in 
rows, are bounded by flat or 

curved walls, and not much 

longer than broad, it is 
called parenchyma. The two 

_ kinds of tissue frequently pass 
over into one another, and 

may be more or less regular 
according to the mode in 
which the cells have been 

developed (Figs. 60--63). To 
special forms the terms co//en- 
chyma and ‘ tela contexta’ have 
been applied. The former 
usually consists of cells which 
have become more strongly * 

thickened at the corners 
than at the sides ; the thicken- 

-ing-masses are also capable ~ 

of swelling, so that when they 
le in water they appear glossy 

and swollen, and assume a Fic. 62.—Moderately thickened pitted 
gelatinous or mucilaginous hoe ae, the pith of the beech. 

appearance (Fig. 64). ‘Tela 
contexta’ is a tissue in which the simple or branched elon- 
gated thread-like cells are not regularly united to one 
another, as is the case in the kinds of tissues previously 

_ described. ‘The separate cells are in this case arranged 
in threads which do not run parallel to one another, but 

cross irregularly, forming a tissue the separate cells of 
which are not unfrequently grown or cemented together 

_ in anintimate manner and in a variety of ways. This occurs © 
~ in Fungi, Lichens, and some Alge (Fig. 65, p. 42). Some- 
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times, especially in the pileus of certain Fungi, particular 
cell-layers of a ‘tela contexta’ form an apparently regular 

parenchyma, in which however the whole course of de- 
velopment shows that we have here distinct but contiguous 
filaments of cells (z.e. filaments of distinct cells arranged in 

Fic. 63.—Stellate parenchyma from the pith of the rush, ¥uscus conglomer- 
atus ; 2 intercellular space. (Xx 250.} 

rows) ; and a tissue of this kind has therefore been called.a 
pseudo-parenchyma. | 

Other kinds of tissue, distinguished more by their func- | 
tions with respect to the life of the plant than by external 
characteristics, are those termed generating tissue and healing 
tissue. i 

With respect to the production of new cells, even super- 

ficial observation shows that, at least in the higher plants, as 
for example in trees, it does not proceed everywhere uni- 
formly, but is confined to particular spots. ‘To spots of this 

nature the terms ‘ functum vegetationis, vegetative cone, and 

vegetative or formative layer, have been applied, according 
to their degree of development. Instances of ‘puncta 

x 
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vegetationis’ occur in the apices of buds ; of formative layers 
between the wood and the bark of [exogenous] trees. Both 
owe their special character to the formation of new cells or 

arate The Cell as a Member of a Group. 41 

organs by means of a special tissue to which the names 

Fic. 64.—Transverse section through the collenchyma of the sowthistle 
Sonchus asper: a epidermis : c collenchymatous cells. (x 670.) 

formative or generating tissue and meristem have been given. 

In contrast to this, a tissue in which the cells are not as a 
rule capable of dividing, is called a permanent tissue; and 
the separate cells which no longer serve for the formation 

of new cells, permanent cells. 
The generating tissue of the ‘punctum vegetationis’ of 

flowering plants is parenchymatous, and is called primary 
parenchyma or primary meristem, because every kind of cell 
and every part of the plant may or actually does develope, 

directly or indirectly, from it. Independently of growth by the, 
actual increase in size of the individual cells, the apical 

/ 
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growth of plants depends mainly on the constant fresh forma- 2 E 
' tion of this tissue. | a 

The increase of thickness in plants, on the contrary, — : 

5 

| Y 

it 
Fic. 65 —‘Tela contexta’ from the medullary layer of the pileus of a 

Fungus, Amanita muscaria; h ordinary cells ; wz laticiferous cells. 
(x 360.) . 
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occurs especially in those parts where there are permanent 
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period of their existence, chiefly or even exclusively from 
the formation of a special generating tissue, the cambium. 
~The cambium 1s usually a prosenchymatous tissue, not found 
in the ‘ punctum vegetationis,’ but distributed elsewhere in 
very various parts of the plant. To it is due the final deve- 
lopment of the fibrovascular bundles, which however originate ~ 

in its forerunner, the procambium. The cambium forms, 
according to its arrangement, a central cambium-cylinder, 
or isolated dispersed cambium-bundles, or a cambium- — 

ring. A thickening-ring of this character occurs, for 

example, in the layer formed between the wood and the bark | 

of those trees which are characterised by the formation of 
annual rings. In the most lowly organised plants, the Fungi, 

Lichens, and Algz, both kinds of generating tissue are 
wanting, and every one of the cells has an equal capacity for — 

originating new vegetative cells, ze such as serve only for | 
growth and not for reproduction. Although the production 
of new cells is the special province of the specific generating © 

tissues now described, this does not imply that the elements 
of other tissues are entirely destitute of this power; on the 

contrary, it is strikingly manifested in the annual and espe- _ 
cialiy in succulent parts of plants. 

In direct contrast to the generating tissues are the — 
_ healing-tissues, suberous tissues, or cork-tissues. The former 

are of service to the plant by their long-continued and vigor- 

ous growth and the formation of new cells ; while the latter, 
dying quickly, lose their cell-sap ; their cell-walls become con- 
verted into cork, and thus form a mantle or envelope which 
protects the subjacent cells from injurious influences of all 

kinds. Two kinds of this tissue are distinguished—true cork © 
or suber, and periderm; the two are not, however, sharply 

separated, but pass into one another in a variety of ways. 
‘True core is a very elastic tissue consisting of thin-walled, 
usually nearly cubical, cells (Fig. 66). It does not peel off, 

but often contains long clefts, as is commonly seen in the 
bark of the maple. 7 
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~which, when looked at vertically, have a regular polygonal or 
stellate appearance. It has in general more vital power, and 
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Periderm consists of tabular cells with thicker walls, 

Fic. 66.—Transverse section through the bark of the juniper ; B B bast-cells ; 
m m medullary rays; & layer of cork formed of thin-walled cells parallel 
to the circumference of the stem. (Xx 370.) | 

is firmer, less elastic, and more leathery than true cork. 
When it is several layers in thickness, thick and _ thin- 

walled layers often alternate (Fig. 67), causing frequently a 
peeling off, as in the birch and cherry ; in the beech and i 
silver fir, on the contrary, the periderm does not peel Off. ae 

Cork is the true healing-tissue of plants, and as such is of great 

importance. In the fresh surfaces of wounds, the uppermost layers of 
‘cells as a rule dry up, while in the tissue beneath them, still full of sap, 

new cells are formed which are the origin of the cork. A very good 
example of the importance of this production of cork is afforded by the 

cochineal-cactus. This plant is multiplied by cuttings, which would: 

decay at once if they were set in the ground with the surfaces of the 
wound fresh. The shoots which are intended as cuttings are therefore 

first laid for about four weeks in a dry place exposed to the sun, in 

4 
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Fic. 67.—Transverse section through the innermost layer of the bark of the oak: p p layer of . 
periderm consisting of thick-walled cells filled with a homogeneous red mass ; 2p ? paren- 
chymatous cells with starch-grains ; s¢? parenchymatous cells with moderately thickened, > 
st with strongly thickened walls ; B g bast-vessels or sieve-tubes ; B £ bast-tubes : B paren- 
chyma and bast-vessels : kr a large parenchymatous cell containing a crystal; x a peri- 
derm-like tissue. (x 440.) 
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46 
order that a cork-tissue may be formed, which closes the wound and 
_prévents the decay of the cutting. | Bae. 

Larger wounds, as, for instance, when branches are cut off, are often 

closed by the formation of elevated cushion-shaped masses of cells, not 
consisting entirely of cork-tissue, which are fresh formed over the whole — 

surface of the wound. Such a tissue is called an overgrowth, and is | eo 

seen especially in the beech, silver fir, and lime (Fig. 68). Ofasimilar 

structural and Physiological Botany. — 
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Fic. 68.—Overgrowth Fic. 69.—Portion of a scalariform Fic. 70.—Pitted vascu- 
oni a branch cut 
through obliquely, 
(natural size.) 

vessel from the brake, Pteris 
‘aquilina ; ss the transverse divi- 
sion-wall broken through in a 
reticulate manner. (x 370.) 

lar cell from the stem 
of a grass, Phragmites 
communis, with nu- 
inerous small bordered 

| pits. (x 400.) 

nature is the callus, to which we shall recur when speaking of repro- 
duction by means of cuttings. 

Smaller developments of cork at particular points of the 
surface, which assume characteristic forms according to the _ 

species, are termed Jentzce/s. They appear in young branches 

before the formation of periderm, and occur in the birch, 
beech, elder, &c. | beri 
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The special characteristic of ce//-fustons consists in the 
cells of which they are composed uniting completely by 
coalescence into a uniform whole of a higher type. Unions 

of this kind are usually accompanied by the transformation 
and absorption of at least a portion of the surfaces of con- 
tact. Fusions of a less complete kind have already been 
described in the coalescence of the contiguous cells of ‘ tela 
contexta ;’ unions of a more perfect description occur in- 
conjugation and the formation of vessels. 
The process of conjugation, to which reference has- 

already been made, begins with the lateral coalescence of 
two contiguous cells, and the formation of an opening at the 
point of contact; finally the contents of the two cells 
coalesce in the production of a spore (Fig. 54, p. 32). This 
process has hitherto been observed only among Fungi and | 
Algee, and especially in the family of Conjugatee belonging — 
to the latter. 

Vessels arise from the coalescence of several cells, which 

are then termed vascular cells ; the division-walls_ partially 

disappearing while the union continues at the margin. 
Vessels are divided, according to their forin and contents, 

_ into vessels in the true sense of the word, bast-tubes or 

bast-fibres, sieve-tubes or bast-vessels, vesicular vessels, and 
laticiferous vessels. 

If a number of spiral cells are imagined placed one over __ 
another and coalescing from the more or less complete ab- 
sorption of the partition-walls, a spzral vessel is produced. 
Vessels are formed in a precisely similar manner, from several 

‘of the kinds of cells previously described ; and we thus get 
annular vessels, reticulate vessels, scalariform vessels (Fig. 69)," 

and pitted or dotted vessels (Fig. 70). 

The individual vascular cells sometimes stand vertically one over an- 

other, and coalesce by their horizontal faces ; sometimes they are in con- 
tact laterally, and with faces that stand obliquely. The partition-walls 

do not always entirely disappear ; but often, especially when they stand | 

obliquely, portions remain which are more strongly thickened and of a 
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licglate or scalariform char acter (Fig. 69, s s). True vessels is here i 

‘become lignified, but are never branched, or at all events extremely 

rarely. In the mature state they contain nothing but air; but 

occasionally in the spring a portion of the sap sucked up by the roots is — 
pressed into these air-containing vessels, a process on which depends, 
for example, the ‘ weeping’ of wounded grape-vines. In many Vascular . 

Ciyptogams, Gymnosperms, and Monocotyledons, as wellas in a few 

Dicotyledons, rows of vascular cells are found in places where, from 

the analogy of other plants, one would expect to find vessels, the 

| partition-walls not having become absorbed. Such structures compose 

what is called a conducting téssue ; and the separate cells are not called 

vascular but conducting cells. 

Bast-tubes or bast-fibres are long pointed tubes—not 
cells, because their elements have completely coalesced— 
usually thick-walled, rarely branched. They are not often 
in direct communication with one another, and then always 
only by lateral branches. ‘They are commonly united into 
bundles, and as such form an essential part of many fibro- 
vascular bundles (see Chap. VI.). 

While in vessels the separate vascular cells of which they are com- 

posed can still be made out with tolerable ease, this is by no means the’ 
case in bast-tubes ; on which account opinion was long divided among 
botanists, whether bast-tubes—the development of which is generally 
extremely difficult to observe—are formed by the coalescence of cells, 

or by a single cell increasing from 20 to 50 times its original length. The 

simple consideration, however, that if the growth of bast-tubes were © 
of the latter nature, it must be accompanied by an increase in thickness 

of the entire bundle of which it formed a part, which is not actually the 

case, shows that they can arise only by the coalescence of cells. 

A close relationship subsists between  sieve-tubes, 

vesicular vessels, and laticiferous vessels, partly on account 
-of their form, partly of their contents ; all appearing to 

have for their function the storing up of nutrient fluids, 

and the conducting of them to the parts of the plant where ~ 

they are required. 
Sieve-tubes or bast-vesseds result from the coalescence of 

cells standing one over another, the partition walls of which, “ 

orszeve-discs, have become perforated in the manner of a ‘sieve 5. am 
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side-walls (Figs. 71-74). 

-Fic.71.—Sieve-tube 
" from the white 
. bryony, Bryonia 

_. diotca, the horizon- 
__ tal_ partition-walls 

- with peculiar thick- 
“enings. ( X 250.) 

ze: 72.—Longitudinal section through 
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~ and some have also sieve-like perforations through their 
Of similar construction are Zaf- 

the transverse partition-walls in the 
sieve-tubes of the gourd; Z the pri- 
mary cellulose-wall; % the second- 
ary cell-wall ; vw w the peculiar thick- 
ening which is always found in young 
cells ; z the contents contracted and 
passing through the perforations in 
tke transverse partition-wall. 

Fic. 73. — Transverse section of the 
same, the upper part represented 
with the thickening-substance which 
takes the form of wart-like eleva- 
tions; the lower part without it. 
(Strongly magnified.) 
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Fic. 74.— Part of a 
sleve-tube from the 
lime, 7zlia grandi- 
jfolia; p the sieve- 
discs of the radial side- 
wall. (<x about 800.) 
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re | ticed cells, the partition-walls of which are not coe per a 
-*  forated, but only thickened in a sieve-like manner. Both | ‘ 4 

i contain as a rule a turbid granular sap, are mostly associated 
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Buy fic, 75.—Vesicular raceel with raphe Fic. 76. — Laticiferous vessel from is 
Py ae ides (7), and contiguous cells a and Euphorbia splendens, with rod« and - 

6; from the stem of a Tradéscantia. bone-shaped granules of starch float-’ ")\. am 
Sa 300.) ing in the latex. (x 250.) ae 

' 2 ‘in bundles, and take part in the formation of the ie 

| an, -yascular bundle as sof¢ bast. , - 

_—--- Vesicular vessels axe distinguished from sieve- -tubes by | 
a their contents and situation. The contents are clear ee 
ae milky, but always include bundles of acicular crystals <a 

| (raphides). Their cells, which are moderately thin- newalled ia 
ay ag 
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(Fig. 75), but otherwise of very various structure, are in 
~ contact by their ends, which are either broad or narrow, and 
often form great systems of tubes, which are never associated 
into bundles, but run separately and usually in a parallel 
direction. They occur only in the outer cortex and in the 
foliar organs in most Monocotyledons and in some Dicoty- 

. -ledons. 
 Latictferous vessels are simple or branched tubes, fre- 

quently anastomosing, or united into a more or less close 

network (Figs. 76, 77). They always contain a fluid 
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Fic. 77.—Anastomosing laticiferous vessels from a vein of a leaf of the 
— lettuce. (After Hanstein, x 160.) 

peculiar to the plant, which is often coloured and frequently 
of a milky appearance, and is called /atex. ‘They occur in 

only a comparatively small number of plants, usually in 
the cortex between the bast-bundles and the wood, but 
- sometimes also in the outer cortex, the pith, and the wood. 
_ They accompany the fibrovascular bundles into the leaves. 
- Nearly related to them are the daticiferous cells, long 
» branched simple cells, such as occur in the Euphorbiacee, 

Moracez, Asclepiadese, Aconitum, &c. The latex of different 
- plants contains a great variety of substances: gum, resin, . 
a E2 
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s 

a eal 

Sy 

by masses of tissue becoming separated from one another, — 

albumen, opium (in Pupaee somniferum), eouchaan (in a 
_Siphonia elastica, Lsonandra gutta, and species of Ficus), bone- " 
shaped grains of starch (in tropical species of Euphorbia), &c. 
The laticiferous are often distinguished from the vesicular 

vessels only by the absence of raphides. ‘Transitional forms 
- between sieve-tubes and laticiferous vessels occur appara 

in the elder and in Aceracee. | eS: 

It has not yet been certainly determined whether the latex isa ~- 

product of excretion or a reserve material. The laticiferous vessels ~ 

and the true vessels together have been compared to the venous and 
arterial blood-vessels of animals ; but since a direct connection between 

‘them has not been proved, and the mature vessels are normally filled : 

with air, this comparison cannot be maintained. 

Closely connected with the laticiferous vessels are” 
certain groups of cells, to which belong the formation and 
secretion of particular substances, and which have been — 
included under the indefinite term receptacles for sap. In — 

examining them, the chief point to notice is whether the ~ 
cells themselves contain the secretion formed in them, or — 
whether it has been transferred into the nearest intercellular 

spaces. It is not always possible, however, to draw.a sharp — 
line of demarcation between these two conditions, which “4 
may both occur together. . 

Single cells of this nature, or smaller groups of cells, — 
are called glands, while the larger sap-receptacles which ~ 
extend to a greater length through the parenchyma are 
termed fassages. These latter never possess a true cell-wall, 
and are not produced by a deliquescence of cell-walls, ae 

, 
~vN 

Acge thus forming a cavity between their cells; and are there- a 
fore true intercellular spaces. Whether this is a result of | 4 

vital processes or of pressure exercised by the separated — 
masses on those in their vicinity is not yet ool 

ve restn- pas rae as in Conifers (Figs 7 1857 
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gum Passages, as in Cactacez, Cycadeze, Amygdalee, &c.; otl- 
glands, inthe leaves of Hypericum perforatum, species of Citrus, 

Fic. 78.—Mode of formation of resin-passages ; J. transverse section through a termi- 
nal shoot of A dzes excelsa in process of development ; in the cortex the small group 
of cells HA containing starch-grains and in the act of division has separated from 
the rest of the cortical cells p which contain chlorophyll ; ug the first origin of ate 
resin-passage (x tooo). II. The same from a part more deeply imbedded ; 
the young wide resin-passage Hg the cells which contain resin form only a hele 
layer, and contain, in addition to fine- grained starch, small drops of a volatile 
= (x 800.) 

a &e. : ; camphor-glands ; and resin- stands (Fi ig. 80). The term 

-honey-glands or nectar ies, finally, is given to any part of a 

T. he Cell as a Member of a Group. cep Th ge 
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Fic. 79.—Transverse section through a mature resin-passage of Abies excelsx; the 
cavity Hg as well as the thin-walled cells HZ are filled with a semi-fluid resin,” 
while the thick-walled compressed cortical cells p still contain small 

. 
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’ 
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flower, whatever its structure [or morphological nature] 
which is formed for the secretion of honey or a saccharine 
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starch. (x 800.) 

; All these separations of masses of tissue are essentially different 

from the transformations of the cell-wall previously described ; although 

Fic. 80.—Transverse section of a resin-gland 
from a young birch-twig; @ epidermal cells ; 
6 a subjacent layer of cork ; c collenchyma- 
tous cortical tissue ; 

\ 

d the papillz of the 
gland which have secreted the solid resin e. 
(x 100.) 

‘as yet been but little studied, the overgrowths of wax on 
ate ; eR at 
- -the surface. These occur especially as a delicate bloom, as 

Fa Oe I Re De er eee 
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Lat 

ween ay 

. 
‘A 

quantities of 

it happens often enough with 

processes of secretion that cell- 

walls are ruptured by the pres-_ 
sure of the substances stored 

up in them, and are carried 

away along with the waste 

products (see p. 23). 

In this connection — 
should be mentioned also | 
certain structures which 
are certainly of the greatest 

importance for the life of 
the plant, but which have 

shige 
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: Pipe eine on the plum, and are sometimes dense agglo-- 
merations of rods or needles, as on the leaf of the rye, some- 

times simple coatings of granules, as on the ‘ frosted’ leaves 
of many lilies ; sometimes as coatings of rods which stand 
vertically on the surface of the cuticle, as on the leaves of 

the banana ; or finally as incrustations, as in Opuntia. 

CLA PEER: ArT. 

THE CONSTRUCTION OF THE PLANT. OUT OF CELLS. 

ALL plants consist entirely of cells and of the products of 

the formation and transformation of cells, which are hence 

of cells, which take part in the construc- 

Only a few plants belonging to the class 
called the elementary organs of the plant. 

of Algee (Fig. 81) [and Fungi] are unicel- 
lular ; by far the larger number consist of 
many, and most of an innumerable number 

tion of the plant. In the simplest multi- 

filaments, z.¢., in simple rows one above 

another, as in the filamentous Alge and 
many Fungi (see Fig. L,, Ds 7): Those aT€ Jar Alga, Botrydium 
more highly organised which consist of — gg7giy* Gee 
plates of cells arranged in a single layer, as 

occurs also in certain Algze, ¢.g. the Ulvaceze (Fig. 82). But | 
by far the most common structure is for the plant to be 
composed of masses of cells radiating from one another in 

all directions. ‘The course of development of this mass of 
cells exhibits the following variations in the different sections 
of the vegetable kingdom. 

In the higher flowerless plants the moon cell of an em- 
bryo or shoot breaks up into several cells of unequal value. 
The cell which remains at the apex; or apical cell, may be 

; The Cell as a Member of a Group. ei 

Fic. 81.—A unicellu- 

\ 
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described as the ‘primogenita ;’ all the functions of the on | 
i. -mother-cell are transferred to it; it grows to be like its 

parent in every respect ; and the same process of division ~- 
is then repeated in it. The building up of the mass of cells 
of which the plant consists results from the division in all 

directions of the remaining daughter-cells (Fig. 83, 1). | 
cy \' 
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Fic. 83 I.—External view of the 

Poe in flowering plants—at least in Monocotyledons and 

fe _ Dicotyledons (Fig. 83, 11)—the mode or development is dif- © 

Fig. 82.—I. An Alga, Ulva bulbosa, consisting 
of a single plate of cells ; IJ. Swarmspores 
which have escaped from the empty cells. 

exposed apex of the stem of ~ 
Equisetum scirpoides ; s apical 
cell ; the darker lines indicate ‘(x about 300.) 

the boundaries of the daughter-cells derived from the apical cell; e.g. 72°, the 
latter being again the mother-cell of those marked 1, 2, 3, 4. (X 350.) 

as ferent. The mother-cell of the embryo here breaks up at 

‘once into a great number of equivalent cells, which again 
ay divide into various groups of cells, each one of these assisting 

‘in building up the structure of the plant, playing the same part 

throughout in the entire course of vegetative development, 

a 

and carrying on its functions independently of the others. 
- The order of succession in the formation of the various 

ee: eroups of cells is as follows :—The first independent tissue 
formed is the epidermal tissue or dermatogen. 

pe 

The layers 

of cells lying immediately beneath then begin todevelopein 
a peculiar manner as cortical tissue or fereblem, the paren- ia 

x -chymatous or primary cortex being formed from them. This “ag 

Nv! 
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tissue finally encloses the p/erome or intermediate tissue, 
situated not very deep down and laterally from the apex, 

which breaks up into the procambium and the fundamental 
tessue. ‘The procambium is formed in many plants from.the 
entire outer zone of the plerome, while in others it consists 

3 of only a few groups of 

its cells ; from the fun- 

damental tissue it is 
further distinguished by 
the arrangement and the 

are prosenchymatous, 

while those of the funda- 

mental tissue remain 

parenchymatous. 

The contrast between 

the epedermal tissue and 

ae 
Fic. 83 I1.—Longitudinal section (partly dia- 
grammatic) through the young embryo of the 
shepherd's purse ; Z epidermal tissue ; 7 cor- 
tical tissue ; # fundamental tissue or pith; Fic. 84.—Papilla from the young 
# procambium ; w root-cap; s suspensor. stigma of Lzlzusme bulbiferune. 

_~ (After Hanstein, magnified : see fig. 363.) (x 660.) 

_ the subjacent masses of tissue is the more evident the greater 

the exposure of the part of the plant to air and light, and 1s also 
usually more conspicuous in the permanent parts than in those | 
which are more fugitive. In the lowest plants, Algze, Fungi, 
and Lichens, and even in the stem of Hepatice, the epidermal 

structure consists only in the outer layers of cells having — 

thicker and firmer cell-walls and smaller cavities than the 

t, 

: oF 

form of its cells, which — 

4 
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~» tissues (see Chap. V.). In plants with a long term of life, and which — 
K 

‘transformed into the so-called cuticle (see Fig. 21, p. 16), a thin 

which are everywhere closely contiguous. In the course of ag 
- growth some of these separate from one another, the deri- 

' ° ede 6 ; ° cd ' 

_ -vative cells that result from one or more divisions leavinga 

oe his "S Mactan? inn d Physiologica Bole a 

“rest: In some Mosses and in all the more highly organ | vin 

Soins at least one layer of cells specially defined and de- — a 
» to) 4 

. 

veloped, the efzdermis, exercises special functions. In true - 2 

roots, and in many root-like underground stems, as wellas ~ 

in many plants which grow submerged in water, it is less 
differentiated from the subjacent tissue than is the casein 

most stems and in leaves. 3 

The outer side of the outermost layer of epidermal cells is gradually © 

structureless membrane, but little sensitive to external and even to 

chemical agencies, insoluble, for example, in concentrated sulphuric 

acid or in potash. The cells of the epidermis usually contain clear or 
coloured fluids, occasionally crystals, rarely chlorophyll. Their form is 

very various, but usually tabular or conical, or sometimes even oF 

‘papileform, z.e. projecting on the outside in the form of knobs or ~~ 
bladders.. The peculiar appearance of many structures, such as the | 7 

velvety gloss of petals, is due to papillee of this nature (Fig. 84). In a 

many cases there lie beneath the epidermis peculiar layers or strings of 

_ cells (the AyZoderma), which are perhaps best included in the epidermal — : 

tissue. They consist either of thick-walled prosenchymatous bundles «| 

_which contribute to the greater firmness and elasticity of the epidermis, 

as in the aérial portion of the stem of Equiseta, and the acicular leaves 

of Pinus pinaster, or of collenchymatous tissue which tends to increase a 

the difference of tension between the epidermal and the subjacent .— 

Increase greatly in girth, cork is subsequently formed in the epidermal 

cells themselves or the subjacent layers of tissue, replacing the true 

epidermis, which has generally in the meantime perished, 2 
} 

‘The true epidermis consists, when young, of similar cells 

crevice or pore between them which 1s called a stoma (Fig. 
85) These are always! enclosed by two or four cells, the Ae 

guard-cells, which are crescent-shaped, and also smaller and 4 

with thinner walls than the rest of the cells of the epi- ii 

1 Exceptions, however, occur in the case of the Marchantieze and 
_ Bhizocarpeee. Piss 
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Fic. 85.—I. Horizontal section through the epidermis of the under-side of the leaf of 
Luonynus japonicus, looked at from below ; sf stomata (x 370); II. Course of | 
development of the stoma of Arthropcdium cirrhatunz; s pue_mother-cell — 
ready for division ; sf', sf'', sf" successive stages of division: III. Mature ~ 
stoma. (x 370.) 3 



os “ _ parenchyma of the leaf rather than to the epidermis | ~ 

‘the under-side of the leaf of Polypodium vulgare ; ee epidermal cells ; sf stoma ;_ me 
~ p parenchyma of the leaf; ¢ air-cavity. (x 400.) x ea 4 

itself. The stomata are sometimes found at the bottom of Ae a 

ae) -funnel-shaped depression, sometimes on a level with — 

the epidermal cells ; while sometimes (Fig. 86) they usu 

eth, and are in addition, aa des fron then by” 
~ containing chlorophyll. This last circumstance gave rise to. ss 

- the earlier view that these cells belong to the subjacent: ge aa 

. 

x 

‘ 
a 
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a 
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’ 
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a a 

Fic. 86.—I. Transverse section through the epidermis of the leaf of Cycas revoluta; — 
. # elevation of the epidermis ; I]. Transverse section through the epidermis of 

even elevated to a higher level. They establish a con.» 4 
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nection between the intercellular spaces in the interior filled 
with air and the atmosphere. The interchange of gases. 
which is thus brought about 1s regulated by the guard-cells 

being sometimes more and sometimes less close together, so 
that the pore may be occasionally closed. 

Stomata are found in all the higher plants, from the 
_ Hepatic upwards. They usually occur in the green parts, 
more rarely in the coloured petals (as in the hyacinth, 

- crown imperial, &c.), [in the coloured bract or spathe of 
Richard@a|\, and in fruits and seeds (as the tulip). They are  — : 
wanting in those leaves which grow submerged in water ; and ’_ 
in floating leaves occur only on the upper surface. In most ~ 

Monocotyledons both surfaces of the leaf are provided with 
stomata, while in Dicotyledons they are generally almost or 

altogether absent from the upper surface. No general rule 

can be given for their number nor for their arrangement, 
which possesses a definite character only in a few groups of 
plants, as e.g. the Equisetaceze ; in Coniferze and Grasses the 
arrangement is invariably linear; in the Begonias they are — 
arranged in groups, &c. By far the most common size of 

the stomata ranges between o'0002 and o*0008 mm.; but - 
it may vary, as far as observations have yet been made, 

between 0-00459 (in Amaryllis formosissima), and o‘ooort 

(in Amaranthus caudatus). re 

Hair-like bodies or trichomes! are unquestionably epider- — 
mal structures, and may be found even on the youngest 

parts of the stem, leaves, and roots. Under this category 
are included hairs, bristles, stinging hairs, prickles, scales, - : 

glands, and glandular hairs. Whether the leaf-like ‘ paleze’ 
of ferns belong to this class, or should rather be regarded as 
leaves, is still doubtful. Aazrs arise by an elongation of 
particular epidermal cells (Figs. 87, 89); and if attached to 
a root are called voot-hairs. They are either simple or ~ 
branched, and consist of one or several cells. ABristles - 

1 See also the next chapier. 



- 

c
e
e
 

t 
3 

m
e
l
 

~
 

m
s
 

g
y
 

o
O
o
.
 

ot ae 
a
3
 

F.3d 
a
o
e
 

O
S
s
 

ES 
a
t
 

ie 
gee 

i 

aS 
<
e
 

v
o
 

" 

a 
8:a 

4
8
 

: 
oN e

o
 

Aer 
S
o
}
 

a
 

P
e
o
n
 

nisi 
a
o
 

R
e
 

. 
O
o
 
a
X
 

g
o
s
.
 

a
E
 

e
e
 

o
O
 

l-a° 
5
 

g
a
 

W
S
.
 

9
 

= 
CO 

G
e
 

al 
.
a
r
o
 

O
r
s
 
See 

L
a
t
 

(
S
2
x
)
 

‘yo 
uayorq 

st xode 
podeys-qoux 

snoasjta 
oy) 

USYyM 
aley 

oyy 
JO 

Jno 
SMOY 

ping 
SurIposs0o 

ayy 
! vI01p 

vI774/) 
‘
3
2
M
 

BY} JO ATeY 
S
U
I
S
U
T
I
I
G
—
 

"gg “DIY 

(0Sz 
x) 

‘asuagpag 
wenjuv4sa) 

JO 
W
e
s
 

24} 

wosp 
r
e
y
 
repN]EoH[NIA 

“LI 
* M

N
I
U
O
S
A
V
I
I
T
 

€ JO Yes] 

ay} 
W
o
T
 
srey 

Aepnyeotuy~) 
“] 

+ SArey 
a
j
d
u
n
g
—
4
g
 

‘OIg 



‘ - a f= } ¢ 
fs a> TY 4 4 

SS Ae eg Pe hy 

re Ne EW epee Be 7.8 PR eh er he . Tr ae ben OF pt 7 ‘ oe er ' € ? t - , M ertd.s ow a my | tae ey xb Str c . ai ye ie ay Rane, G / j ] / ey 4 ? / re . i Pa $ 

wo] 4 Nh Teenie” } by e® , PD 2 ys ~ > OPP +. 7 
i { y ‘ - , ~ APT fe 

out of Cells. 63 
y 

The Construction of the Plant 

“result from the walls of hairs becoming thicker and woody, ; 
7.¢. by the deposition of ignine. Hairs are not often found 
in the interior of plants, but occur in the air-passages of 
Nympheeaceze. Séznging-hairs are such as secrete an acid 
corroding fluid which escapes when they are injured; they = 
often stand, as in the stinging-nettle, on a cushion-like 

base (Fig. 88). Prickles (Fig. 90) consist of a great number 
of thick-walled woody cells. Scales [or peltate hairs| exbibit + 

Fic. 91.—Peltate hair from the leaf of ZZ- Fic. 92.—Glandular hair from the leaf-stalk  _ * 
agnus, seen from above. (x 125.) of Lamium purpureum.(X 370.) 

a great complication of structure, consisting of an elongated 
epidermal cell, the pedicel-cell, which bears at its apex a 
number of cells expanded into the form of a shield (Fig. 91). 
Glands consist of anumber of cells puffed out like bladders, 

in which a viscid and often resinous fluid is secreted. Thus, 

for example, the leaf-buds are often rendered viscid by a . 
gummy substance, or one composed of a mixture of muci- 
lage and drops of balsam, the first resulting generally from Y 
the conversion into mucilage of an epidermal layer lying 
beneath the cuticle, as in the violet, horse-chestnut, and — tos 

plum. (See Fig. 80, p. 54.) If glands are elongated into | 



_ ever, as laticiferous and vesicular vessels and glands, as wellas 

Sore called glandular hairs (Fig.92). : 

consists commonly of thin-walled succulent parenchyma 

~ manent cells. Groups are thus formed of particular kinds 

of cells which, united into strings or bundles, penetrate the 

“the fort a a meta or igine on the apex of SE cells, they 3 

The primary cortex which developes out of the serblene De 

containing starch or chlorophyll ; other forms of cells, how- 

intercellular passages containing sap, may also occur in it. 
: ‘In some plants masses of cork are found deeply buriedinthe 
~ cortical tissue, or even beneath it, the outer parts then dying, "4 
and falling off in the form ‘of bark, as occurs in the grape- 

~ vine and plane (see Figs. 66, 67, pp. 44, 45). ue 3 
Every mass of procambium consists, in its earliest stage, 

of similar thin-walled usually prosenchymatous cells, united 
together without any intercellular spaces. As the mass in- 

creases in age, some of the rows ofcells become transformed 

into vascular or bast-cells, and from these as centres the 

transformation advances of the procambium-cells into per- | 

rest of the tissue, and as a rule constitute a firm framework, Se, 

GA 

and form the jilrovascular bundles, or conducting bundles. 
-These bundles often lie isolated in the fundamental tissue 

continual formation of the tissue of which they are composed, 
that they finally almost entirely replace the intermediate 

- fundamental tissue, and form almost the whole of the sub- Re 

stance of the plant, as is the case in the wood of Dicotyle 
dons and Conifers. The transformation of the procambial 

so changed, or an inner layer of the procambium remains as 

‘the fibrovascular bundles either contain cambium or are 

_ destitute of it; the former being called ofen, the latter 
- closed bundles. In the open bundles the cambium is con- “ a 

of the plant, as for instance in the veins of the leaves; but 

they are generally socrowded and so strongly developed bythe 

cells into permanent cells either continues until they are all 

the formative cambiwm. As they become older, therefore, 

tinually forming new layers of permanent cells, and the part 
7 
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of the stem or root is thus constantly increasing in thickness, 

as is the case in most woody Dicotyledons and Conifers. 

Closed bundles, on the contrary, such as are found in Cryp- 

‘ 
\\ ? 
(Sate 
vs 

Hi 

Fic. 93.—Transverse section through the fibrovascular bundles of the sugar-cane ; 
Hf parenchymatous cells of the xylem ; H/ wood-fibres ; g'* spiral vessels ; 2”° 
pitted vessels ; Bf bast-parenchyma; By bast-vessels or sieve-tubes ; B/ bast- 
fibres. (X 360.) 

togams, Monocotyledons, and a few Dicotyledons, can no | 
longer increase in thickness. The various forms of tissue 

in a mature fibrovascular bundle may be divided into two 
F 
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groups, a woody portion or xylem, and a less solid portion, the | ies 

bast or phloém (Fig. 93). The xylem is composed of paren-~ bie ; 
chymatous cells, wood-fibres, vascular cells, and true vessels, 

the walls of these various elements being generally | 

thickened and lignified. The phloém, on the other hand, ‘ane 

consists of succulent and mostly thin-walled masses of — — 
parenchyma and sieve-tubes, in addition to which are Bete 

usually bast-fibres massively developed and strongly =~ 
thickened. Any of these elements of the xylemand phloém 
may, however, be wanting. : 

Narrow thin-walled elongated succulent cells, often found in con- — c 

Fic. 94.—Transverse section through the root of sarsaparilla; sf parenchyma of the “i 
root-sheath ; BZ bast-parenchyma ; B g bast-vessels ; G vessels. (x 200.) = — | 

stood, have been termed caméiform tissue or permanent cambium. © | 
_ Cambiform tissue, latticed cells, and sieve-tubes form, together with. Be} 
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which consists of fibres, In many plants a ring of cells, often with 

strongly-thickened and lignified walls, the dusdle-sheath, is developed 
either only on the outside of the bast, or round the entire bundle, or 

very commonly round the whole mass of fibrovascular bundles. This is 
especially the case in roots, this layer of cells being there called the 

root-sheath or coleorhiza. ‘The separate cells of this organ areas a rule 

developed in a very characteristic manner, so that for example, the 

various kinds of sarsaparilla used in commerce may be distinguished by 

their means (Fig. 94). 

The further development of the fibrovascular bundles is 

very characteristic of the different classes of plants, as is 
also the arrangement of the various elements on a transverse 

section of a bundle. Fungi, Lichens, Algze, and Characez 

_ have no fibrovascular bundles ; and in Muscinez they are 
either not developed at all or only in a rudimentary man- 
ner. ‘These plants are therefore comprised under the desig- 

nation Cellu/ar Plants or Cellular Cryptogams ; the whole of 
the remainder [Vascular Cryptogams and Phanerogams| 
being on the contrary termed Vascular Plants. 

The fundamental tissue very commonly consists of thin- 
walled succulent parenchyma containmg starch ; but other 

forms of cells may also enter into its composition. In those 
plants which have no fibrovascular bundles the whole of the | 
interior of the plant may be regarded as fundamental tissue. 
In other plants it fills up the spaces between the fibro- 

vascular bundles and within the primary cortex. Even the 
primary cortex, which must, according to the history of 
development, be regarded as a distinct element, is often, 

in consequence of its similarity, treated as belonging to the 
fundamental tissue. Where the fibrovascular bundles are 

closed [Vascular Cryptogams and Endogens] and cannot 
therefore increase in thickness, this tissue is generally de- 
veloped to the greatest extent (Fig. 95,1). In the woody 
portions, z.e, the stem and root, of Conifers and Dicotyledons, 
the fibrovascular bundles of which are open, it occupies a 
less considerable portion of the entire structure. In the 
greater number of such stems it forms a central jr¢A, 

F 2 

T; he Construction of the Plant out of Célls=2 67 : 



which is connected with the bark by more or Tags latgely’ 
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‘developed portions of cellular tissue, the medullary rays, 

greater number of roots the 

tal tissue is altogether absent, 

cortex. 

Fic. 95.—I. Diagrammatic representation of the distribution of the Aerovasenten | 
bundles on the transverse section of a palm-stem. II. Portion of the transverse 
section through a shoot of ivy four years old; R bark; B bast- bundles ; 
H wood, in which the four annual rings are distinctly visible ; mM pith ; s? medul- 
lary rays; F bast-fibres; c 6 cambium; s** primary ; s‘** secondary bundles. 

The various elements, the different forms of cells, tissues, and fibro- 7. 

vascular bundles, are always arranged in each species ina thoroughly : 

characteristic manner ; and from this, as well as from the nature ot, the = Fy 

fos 

(Fig. os, IL, 5. in by far the | 3 

fibrovascular bundles, on the 
contrary, form a cylinder des- — 
titute of pith and reaching the 
centre, so that the fundamen-. 

or, according to other au- 
thorities, is developed only as. _ 

er 
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~ elements themselves that are present, it is very often possible to recog- 

nise the species from a small fragment of the plant. Only in com- 

paratively few cases are the plants adapted at once 

for microscopical examination. When they are not 

so adapted, they must be dissected into small trans- 

parent pieces; and the direction in which the 

section has been made must also be noted. In 

order to examine, for example, the structure of a 

branch, preparations must be made, taken from it 

principally in the following three ways (Fig. 96) : 

in the transverse section a 6 at right angles to the 

axis of growth we, the longitudinal section cd 

through the axis, and the fazgentzal section ef 

parallel to it.’ Sections in-other directions, as the 

oblique gh, are only occasionally needed. In 

certain cases it is also requisite, in order to make 

the preparation transparent or decompose it into 

its separate elements, to macerate it, especially 

when it is desired to determine the form and con- 

nection of the individual cells. We have here no 

space to enter into a detailed account of the ap- n: 
plication of the microscope to botanical investiga- Fi. 96.—Diagram re- 

: E ; presenting the various 
tion, and can only refer to the works of Dippel, sections of a stem. 

Harting, Nageli and Schwendener, and Schacht. 

i} 

' 
1 

1 

| 
i) 

1 

! 
! 
1 

if 
| 
st 

f 

CHAPTER, 1V* 

THE EXTERNAL FORM OF PLANTS. 

In the plants of lowest organisation, Alge, Fungi, and 
Lichens, the contrast which is so manifest in those more — 
highly developed between an axis (stem and root) and the . 
lateral organs (leaves), is altogether wanting. With reference 
to this point, the vegetable kingdom is therefore divided 
primarily into plants without an axis or Zhallophytes, and 
plants with an axis or Cormophytes, the term thallus being 

applied to a structure destitute of leaves. _ 
‘The external differentiation of the parts in cormo- 

phytes can be very well seen in a germinating pea. If the 



_ If this pea had been planted in the ground, there would 

have been formed under favourable circumstances, from the 
growth of the axis of the embryo, the s¢em directed upwards 

‘and the 7vof directed downwards. When theseed germinates 
(Fig. 99), a smaller or larger number of lateral organs, the 

; Seatrary sh skin. rok testal j is ae from a pea gh Shas” 
been soaked in water, two large fleshy masses are seen, hee : 
cotyledons, enclosing a small cylindrical body, the axzs (Figs. 
97, 98), which bears two minute leaves at its extremity; 
the cotyledons and axis together constituting the embryo. 

leaves (¢ d), develope, but only on the ascending portion of 

Le 
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Fic. 97.—Pea, with its testa cut Fic. 98.—Pea split open and with the 
through; c cotyledons; G the testa removed; F small cavity in 
plumule enveloped in minute which the plumule or apex of the 
leaves ; R radicle; T axis.of the stem lay ; the other letters as in Fig. 
embryo ; I outcr, E inner inte- 97 (somewhat magnified). 
gument ; F funiculus; P part of 
the pericarp (diagrammatic). 

the axis, not on the root. The form of the leaves is very 

various according to their function in the life of the plant; 
certain of them unite, in the form of floral leaves, together 

with the stem, to produce the flower. From a particular — 

part of the flower is developed the fru, within which are - 
produced the seeds destined for the reproduction of the — 
species. Epidermal structures (trichomes), inal clothe the a 
surface at different parts. 

If the history of development of an embryo, as that of 
the pea, is examined more closely, it is found that from a_ 
evomnly. plastic mass of similar cells the root is developed 

* 
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downwards, and the stem-bud upwards. The stem-bud, or 
plumule, is divided from the outset into stem and leaves. | 
The leaves therefore do not grow on a stem already 

_ formed ; on the contrary, they constitute from the first, to- 

gether with the stem, a hemispherical body consisting of 
O 
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Fic. 99.—Germinating bean; a & Fic. 1oo.—Longitudinal section through the 
- cotyledons; cd leaves; e ter- apex of a root of Asfidistra elatior; wh 
minal bud; % primary root; ¢ root-cap ; M pith; o epidermis; G’ narrow 

lateral roots, -. ae vessels ; G’* broad reticulate vessels. 
x 75). 

primary parenchyma, which then becomes lobed. It is ~ 
therefore impossible to draw accurate lines of demarcation 
between the three main organs of the plant, the roof, stem, 
and /eaf. ‘The stem is distinguished from the root only by 

=~ 
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_ bearing leaves, while the latter does not. ‘Leaves are 
lateral [or appendicular] organs which do not possess any 

- capacity of development of their own, and which may there- 

fore be regarded in many respects as appendages attached 
to the entire organism, not possessing an independent life. 

~ It follows therefore naturally that the leaves and axis are 

subject to different laws of growth :—the axis grows at its 
_ apex, and the leaves at their base where they are attached to 
the axis. New leaves are developed only at the extreme end 
of the branch.. The roots, on the other hand, have no 

power of forming leaves, because the outermost cells of their. 
‘nuncta vegetationis’ die very early, and then cover it in 
the form of a cap (Fig. 100, w%). Beneath this rvot-cap, 
as it 1s termed, the production of new cells continues ; 

while the cap itself acts as a protecting shield to the root 
when it penetrates into the hard soil. ‘The growth in length 
of roots ceases therefore so near their apex that the portion 
which is at any time actually increasing in length is usually 

- only a few millimetres long. 

In the remainder of this chapter no reference will be made to 

flowerless plants, but only to flowering plants or Phanerogams, since the 

morphology of the former is so closely connected with their classification 

that it will be better spoken of under that head. Much, however, that 

is now described applies equally to both classes [at least to those 
Cryptogams which are’also cormophytes], especially all that relates to 

the branching of the axis, the buds, phyllotaxis, the forms of leaves, 

secondary organs, &c. 

THE ROOT. 

The Root is that part of the plant which, usually growing 
- downwards, fixes it into the ground, and absorbs nutri- — 

ment out of the soil. It bears at its apex a root-cap, and 

~ never developes leaves. | 3 

Some plants have certain characteristic kinds of roots which do not ‘ 
in all respects answer the description given above. Thusc/asping roots, ~ 
_as those of the ivy, often penetrate laterally into trees, rocks, or walls. _ 

j 
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| The aérial roots P Ropical Or chids, Be hthi [and Aroids] depend from 

the stem and branches, and in many cases never reach the ground. 

hie floating primary root of Z7apa, which germinates while lying on the 

ground, at first ascends, and remains in that direction. The aquatic roots 

of floating plants like Zemmna never attempt to become fixed in the 

ground ; or, as in the case of Cicuta, assume a totally different appear- 

ance. The ‘haustoria’ of parasitic plan‘s, finally, penetrate into the 

stem of their hosts, and feed on their sap. The characters which 

include all roots, and distinguish them from stems, are the absence of 

leaves, and the presence of a root-cap at their extremity. | 

By the primary root is meant that which 1s formed by. 

the downward elongation of the axis of the embryo, and which 

Fic. ror.—Diagram of Fic. 102.—Fusiform root Fic. 103.—Napiform root 
a tap-root. : of the carrot. of the radish. 

is therefore in a line with the stem. It is called a ¢ap-root 

(Fig. tor) when it is thicker than the branches which pro- 
ceed from it; and may then be /fuszform or spindle-shaped 
(Fig. 102), zapiform or turnip-shaped (Fig. 103), premorse, 
7.é€. suddenly ending with a blunt point, as if bitten off, as 
in Llantago major |or Scabiosa succisa), lt tform (Fig. 104), 

or cylindrical, 

Secondary or lateral roots are those which spring laterally 
from the stem [or from the primary root], as the clasping roots 
ofivy. In many plants in which the primary root remains 

™ 



. EL ptercloped, and Tie off ee fice sername it is es Be: 
_ placed by a number of secondary roots developed from the 

Fic. 104.—Diagram of fili- Fic. 105.-—Fibrous root of 
form root. a grass. 

lower extremity of the stem. In grasses, for example, these 
roots are filiform, and are then called fdrous roots (Fig. 

-+ Fic. 106.—Tuberous fasciculated Fic. 107:—Tuberous fasciculated root 
eee root of SAzvea fjilipendula. of the dahlia, 

“ 105) ; but not unfrequently some of them become eboraee 
ie much swollen at intervals, or in the middle]; - and 
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they are hen called htinidpted (Figs. 106, 107). . All roots 
are more or less branched, and are often clothed with ex- 

tremely delicate root-hairs. If the branches of the root run 
principally near the surface of the ground, they are called 
creeping roots. With reference to their texture, a may be ~ 3 

divided into woody and fleshy.! 

EEE SENT, 

The Stem, in its various forms—to which a great variety ~ 
of names are given from its diverse appearance, though in 
essential points always the same organ—is that part of the 
plant which is constructed for the purpose of bearing the 
leaves, flowers, and fruits. | 

In ordinary language the term is applied to those parts — 
of the plant only which are above ground. But a closer 

examination shows that many plants possess organs which 
must, in accordance with their function, be considered stems, 

but which nevertheless remain, during the whole of their « 
<™ -ES 

existence, below the surface of the ground ; and these are ~ 
called underground stems. There are some plants which 

; 2 P i 

! [Any root which results from the development of the radicle or 
-lower extremity of the axis of the embryo is a zormal root; the term 
adventitious root being applied to those of any other origin, z.e. from the 

_ stem, either below or above ground. Aerial roots are usually adven- 
titious, and their purpose is generally to absorb moisture from the. 
atmosphere. The aerial roots, however, of the banyan, Frcus indica, at 
length reach the ground, assume the character of trunks, and give to a 
single tree the aspect of a grove ; while those of the mangrove, Ahzz0-— 
pho: a, which also reach the ground, are true normal roots, resulting 
from the germination of the seed while the fruit is still attached to the 
tree. The roots of Monocotyledons are always adventitious, the radicle _ 
never being developed, as are also those of Cryptogams. The roots of 
parasites, which derive their nourishment from the living tissue ef their 
hosts, may be normal as inthe mistletoe, V7sczm album, or adventitious 
as in the dodder, Cuscuta, where the original normal root which strikes - 
into the soil dies away, and the plant subsequently attaches itself to 
its host by ‘haustoria.’ True roots do occasionally, but very rarely, 
produce leaf-buds (see p. 82). The function of the root-hairs is the 
absorption of liquid nutriment from the soil.—ED. ] 
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are “Gece stemless’ or acaulescent, with radical eaves 
only ; but this results from the stem remaining very short 
—and undeveloped in proportion to the root and leaves, and — 
a ae ‘therefore overlooked. Examples occur in /lantago, 
the turnip, [primrose], &c. 

Those stems which spring, on germination, directly from. 

_ the axisof the embryo|z.e¢. from its upper extremity or plumule] 
are called primary stems, and their ramifications secondary 
Re 

\< 

¥ / 

ee. 
+ 

y ‘ 

ee vor lateral stems, or branches. ‘The position of the ‘branches 

on the primary axis determines what is called the habit of | 
the plant. They are said to be verticil/ate or whorled when 
several spring from the primary stem at the same he’ght, as in 

Equisetum ; opposite |as in the elder] when two opposite 
branches are always found at the same height ; decussate 

-when each opposite pair is at mght angles to those imme- 
diately above and below it, as in the lavender ; dichotomous’ 
when the stem repeatedly divides into two branches of equal 
thickness, as in the mistletoe ; scattered when the arrange- 

ment of the branches is apparently irregular.! It sometimes 

happens, especially in the inflorescence of rushes, that a 
lateral branch completely takes the place of a primary axis 

the development of which has been suppressed, and con- 

tinues its growth in nearly the same direction; and such a 

branch, which therefore consists of several successive se- 

-condary axes, 1s a sympodium. ‘The part of a stem which 

intervenes between two leaves is an znternode, [and the 
part from which a leaf springs is a ode]. The length of 

life of the stem and roots may be onlyasingle year, anual ; 
two years, bzennzal; or a number of years, perennial. 

The most completely developed form of the aérial 

| » (above- -ground) stem, the woody stem or zruk, is the cha- 
acteristic of ¢vees and shrubs. If the lower and smaller 

e part of the stem is woody, while the upper and larger part 

cet ‘This will be further explained when ppeaiiis of the arrangement of 
i ‘leaves tp.’ 37). 

- 
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dies off every year, as in Salvia officinalis, the stem 1s suffru-_ 
ticose. .In palms and some other trees the trunk is simple 

and unbranched, and is then a caudex; when the stem— 
remains weak and does not 
become woody, it 1s erbaceous, 
and then but rarely, as in 

many succulent cacti, is per- 

ennial. The scafe is a leaf- 
less stem bearing only flowers, 
springing from a flat base, or 

belonging to a so-called stem- 
less plant ; it may bear only 

a single flower as in the tulip, 
or several as in the lily-of-the- 
valley (Fig. 108), hyacinth, 
and Plantago. The culm is a 

stem the internodes of which »,,, 
are separated by thickened _ lily-of-the-valley, Convallaria  ma- 

: _  Jsealis (reduced). 

nodes, as in grasses, and 1s 

usually hollow and unbranched ; the ca/amus on the con- 
trary, as in rushes, is pithy and without thickened nodes. 

Sometimes, as in the strawberry, the stem sends out runners, 
z.e. branches which run along the ground, put out adven- 

titious roots from their 
nodes or at their extre- 
mity, and develope there 
a perfect plant. 

If a stem is cut through 

)/ ) = 

Yy 

ff 
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Fic.109.—Sec- Fic.110.——Sec- F1G.111.—Sec- 
transversely, the figure of tion of trian- tion of square tion of 5-rib- — 

gular stem. stem. bed stem. 

thie section is usually more 
or less round or cylindrical, or is compressed into an elliptical — 
form; but it is often angular, for instance triangular in 

Carex (Fig. 109), square in Labiate (Fig. 110), five-ribbed 
(Big tir), &c: 7 

The form of the stem is usually more or less cylindrical, 
but often globose, two-edged, as in several species of Cactus, 

PD a) "4 A@ , . 
f ey t & 4 gr ia “ rim 
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108. — Rhizome and scapé of the ~ 



i alum as in flax, or leaf like. as in’ some species Sof Cactus 
a Ee and Ruscus (Fig. 112). | | | he aa se, 
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: “A Fic. 112.—Leaf-like branch or phylloclade of Ruscus aculeatus : a, flower. 

ae In reference to its position, the stem may be erect, pen- 

- . dulous as in the sunflower, nodding. as in Carduus nutans, 

2 decumbent, flexuose, creeping, where it puts out adventitious 

tis es ‘Fic. 113.—Stem of Convolvulus Fic. 114.—Stem of hop twining  — 
Be ee Ne, arvensis twining to the left. to the right. 

Se gee ka [The flat expanded sharp-pointed leaf-like branch of the butohars Sm poe 
gs broom, Ruscus aculeatus (Fig.. 112), produced i in the axil of the true S 

. scale-like leaf, and bearing the flower on its upper surface, is termed a bie 
petotialete —Ep.] | | ta el 
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roots oar its under-side, as in the money-wort, Lysimachia 
nummularia, and periwinkle, Vinca minor, floating as in 

many water-plants, climbing as in the ivy, or twining 
(scandent), when it may twine either to the right,’ as in the 
hop or honeysuckle, or more often to the left, as in the 
bindweed (Figs. 113, 114). : 3 

The base of the stem or underground stem is distin- 
guished from the true root by its power of producing leaves. 

_ These are, however, often dry or deciduous, and their pre- 

sence can then only be recognised by the scars they leave 

behind ; and sometimes they disappear so early that even 

the scars can scarcely be made out. In such cases the ~ 

earliest stages of development must be examined in order to 

come to a determination. ‘The underground stem assumes 
"peculiar forms in the rhizome, tuber, and bulb. 

The rhizome (Fig. 108, p. 77) is found in many perennial 

_plants. It may be recognised by the leaf-scars, as alse by 

its putting out a number of adventitious roots from its under 
side, and ascending annual mes 
branches (shoots) into the air Mb : . 
from its extremity or from the ( : 

neighbourhood of the _leaf- Ya, “(a ae 

© 

scars. The buds of these ge 

shoots hibernate beneath the 

ground (Fig. 115). Rhizomes 
are commonly branched, and 

Fic. 115.—Rhizome of Solomon’s seal, 
-hot unfrequently elongated, Convallaria Polygonatunt. a ter-. 

: minal bud from which is developed 
and creep fora distance the next year’s stem; 4 this year’s 
beneath the surface, as for stem ; c, d, scars of the stems of pre-- 

vious years. 

example in couch-grass, 772¢z- 

cum repens ; but are sometimes short and compressed, as in_ 

the J/7zs, solid, or sometimes hollow and divided into 
chambers, as in the water-hemlock, Czcufa virosa. 

The zuber is a thickened fleshy underground stem, with 

' [In applying the terms twining ‘to the right’ and ‘to the left,’ the 
reader must imagine himself in the position of the stem round which 
the climbing plant twines.—ED. ] 



3 Satalig very small leaves whieh” can be raade” out Sole bee a 

the young state; but in some cases, as the potato, there ie 
are a number of ae concealed in depressions, which arey; pes 

me called eyes ( Figs. 116, 117). Many plants form only one 

_.. tuber, as the pig-nut, Carum bulbocastanum (Fig. 118), 
“*. others several, as the potato. The spherical or palmate 

Fic. 117.—A tuber c formed 
in the axil between a small 
leaf 4 and the stem a. (x 2.) 

fi 

‘Fic. 116.—A six-weeks’ old potato-plant developed 
74 from*the seed, the upper branches a 6 being cut 

ort 3a cotyledons ; in the axils of the cotyledons 
fry" are ‘developed the underground branches e e, which 
be penetrate into the ground and form tubers fg at 

their apex or in the axils of small leaves. The 
hy ‘tubers are formed only on the branches which are Fic. 118.—Single tuber of the 

ee produced in the axils of the cotyledons, never on pig-nut, Carum bulbocasta- | 
PCE ED, the true roots %. num (natural size). ' 

‘tubers of some orchids (Figs. 119, 120) are considered by a 
‘some to be tuberous roots, by others true tubers. ae . 

~The dz is also fleshy, but is distinguished by its leaves, gaa r 

if a} / vy 

which [in the form of scales] surround the solid base of = ~ 
the stem which is called the disc, or are attached to its . 
a apex. ‘This plate or disc is either comparatively large, and 

| _ when surrounded by only a few leaves, as in the crocus, is: 
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called a corm (Fig. 121); or it may be comparatively small 
in proportion to the mass of the leaves, as in the onion [or 

Fic. 119.—Double tuber, a, 4, of Fic. 120.—Double palmate tuber, a, 0, 
Orchts Morio. of Orchis odoratissima. 

hyacinth] (Fig. 122). Further characters are derived from 
the character of the scales : and bulbs are hence termed scaly 

Fic. 121.—Corm of Gladiolus segetum: a longitudinal section ; a last year’s, & this 
year’s bulb ; ¢ scape ; d scales; x roots ; Bafter removal of the enveloping scales ; 
y bud which will develop Into next year’s bud; z bulbil. 

G 
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or sguamose, tuntcated [in the hyacinth or oaioa ‘abrous § 
S&C. | . 

THE BUD. i) 

Branches of the stem spring, like leaves and flowers, from 
buds. According to the organs which result from their de- 
velopment, they are distinguished into stem-buds (Alumules), 
leaf-buds, and flower-buds. 

Fic. 122.—Scaly (squamose) bulb of — Fic. 123.—a@ Terminal bud; 4 axillary 
the onion ; 6 plate or disc ; a bulbils. bud, the leaf in the axil of which it 

was produced having been removed. 

As respects the position of the bud, it 1s Zerminal (Fig. 
123 @) when it is situated at the end of a branch, axillary 
(Fig. 123 4) when it grows in the axil of a leaf, ze in the 
angle which its upper surface makes with the stem, or 
adventitious when it springs from any other part of a 
stem except these two. The latter kind occur but. 
rarely ; the tendrils of the grape-vine (Fig. 196, p. 108) 
proceed from buds of this description. In the same 
manner the shoots which spring from the cteeping foots 
of certain plants, the plum, wild cherry, &c., originate 



The External Form of Plants. 83 

from adventitious buds. There are sometimes a few buds 
which do not break through the bark, but remain dormant 

beneath it, until the other buds on the plant have been de- 

stroyed by unfavourable circumstances such as late frosts, 
when these dormant buds are excited into activity, and 

often preserve the life of the plant. But even while in the 
dormant state they always increase in size ; and form, for 
example, the balls which are found beneath the bark of the 
beech, chestnut, lime, &c. Creeping stems are also sometimes 

developed from these, but more usually from fadventitious 
buds. It is this production of branches on the stumps of 
felled trees, as on oaks and birches, which especially adapts 
them for growth as underwood. The bodies termed dud/bz/s 

or gemme should also be mentioned here. They are stem-buds 
which detach themselves from the plant, and can themselves 

" give rise to new individuals exactly like the parent. They 
are formed, for instance, in abundance on certain species of 
Allium, on the leaves of Cardamine pratensis, in the axils of 

the leaves of Lz/zum bulbiferum, between the scales of bulbs 

(Figs. 121, 122), |and more frequently with Cryptogams, on 
the fronds of ‘viviparous’ ferns, as Asplentum bulbiferum, 

normally on the thallus of Hepaticz, &c. | 

The mode of development of the buds has a great influence on the 

‘habit of the plant. If, for example, the terminal bud of the primary 
stem persists as such, the stem will continue to grow for a long time at 

its apex, as may be seen in the silver fir. Pollarded willows, on the 

contrary, which have Jost their terminal buds, usually form at their 

summit a dense crown of small branches. The dichotomous branching 

of the mistletoe depends on the terminal bud always developing into a 
flower, and the lateral buds into branches. 

‘Buds which persist through the winter are usually pro- 
tected by special organs, the dzd-scales, which are either of 
a membranous or scaly texture. They are either dry as in 
the oak, viscid like those of the horse-chestnut, covered 

with hairs, or smooth. In many cases in which they are 
not specially developed, as in the lilac, they are replaced by 

G2 
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ordinary leaves, or by some of special form which are con- 
sidered as stipules, as in the alder. The bud-scales usually 
fall off when the bud begins to swell in the spring andthe 
enclosed parts to grow ; but in some cases, as the oak and 
beech, they continue to grow for some time at the base. | 

The stem-bud is a compressed image of the stem, on 

which account the peculiar position of the organs which are 
attached to it can be especially well studied in the bud by 
making a transverse section through it. | 

The relative position of the bud-scales, fohage-leaves, 
sepals, and petals, in the bud, or, as it is termed, their @s-_ 

tivation, is usually zmbricate, where the margins of contiguous 

leaves overlap one another, less often va/vate, as in the 

calyx of the mallow (Fig. 124), where they merely touch one 

F IG. ey wee Valvate Fic. 125.—Redupli- Fic. 126.—Indupli- Fic. 127.—Enfolding 
estivation; calyx cate valvate zstiva- cate valvate zstiva- zestivation. 

. of mallow. tion. tion. 

another by their edges. The most important modifications: 
of the imbricate eestivation are the enfolding (Fig. 127) in 
which one leaf entirely encloses another, the vexc/ary (Fig. 
128), peculiar to the Papilionaceze, where one leaf much ~ 
larger than the rest encloses the others ; adternate, as in the 
tulip (Fig. 129), where two rows of floral leaves alternate 
regularly with one another, and guzncunctal, as in the wood- 

sorrel, the calyx of the rose, the calyx and corolla of the — 
buttercup, &c. (Fig. 130), where the five leaves are so placed 

that between two outer ones which are entirely uncovered 
and two inner ones which are entirely covered, there lies a 

fifth (leaf 3), so inserted that with one of its margins it overs -@ 

laps one of the two inner leaves, while the other margin is 
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covered by one of the outer leaves. If the whole bud ap- 

pears as if twisted spirally, the zestivation is said to be con- 

torted; if, as in the poppy, the leaves lie in the bud 

irregularly crumpled up, it is crumpled. 

p 
wy a, 
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Fic. 128.—Vexil- Fic. 129.—Alternate Fic. 130.—Quincun- Fic. 131.—Contorted 
lary estivation — zestivation of tulip. cial zstivation. zestivation. 
of Papiliona- 
COX. 

/ ‘By vernation is meant the position occupied by the se- 
| parate leavesin the bud. This 1s #a¢ in the leaves of Coni- 

fere ; simply fo/ded (Fig. 132) in those of the cherry and lime ; 
plicate or with many folds in those of the beech and birch 
Fig. 133). In their length from the apex to the base leaves 

Fic. 135.—Revolute 
vernation. 

| ( i ) 

Fic. 132. — Fie: 3133. — Fie. 134.—Con- Fic. 136.—Involute Fic. 137.—Contorted 
Simply fold- Plicate ver- volute  verna- vernation. vernation. 
ed sverna- nation. tion. 
tion. 

are crcinate, like the fronds of ferns, where the apex is 

rolled up towards the base ; convolute (Fig. 134), where one 
margin is rolled up towards the mid-rib, as in grasses and 
bananas. The sepals of FAumaria are revolute, the margins 

being rolled outwards (Fig. 135); those of the sweet violet 
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on the contrary are zzvolute (Fig. 136), or rolled inwards — 
- ‘towards the mid-rib. The petals of Convolvulus (Fig. 137) 
are contorted spirally ; those of the poppy irregularly crampled. 

With respect to their anatomical structure, it may be re- 
marked that buds are especially distinguished by the pre- 
sence of formative tissues. 

THE LEAVES. 

It will be seen from what has now been said that the 
Leaves are appendicular organs of the stem. ‘The apex is 

always formed first, and is therefore the oldest part of the * 

leaf; the remaining parts being gradually interposed between 

it and the stem. The order of development is therefore the 

reverse in the leaf to what it is in the stem, where the apices 
are the youngest parts. 

The various positions and functions of leaves neces 

their classification into four kinds :—seed-leaves or cotyledons, — 

covering-leaves, foliage-leaves, and floral leaves. ‘The first of 

these kinds will be more fully described when speaking of 
the seed ; the last when speaking of the flower. 

Covering-leaves are so called because they cover or pro- 

tect other parts of the plant. In this class are included the 
bud-scales already described (p. 83), and the dracts or 

hypsophyllary leaves, z.e. those leaves in the axils of which 
the flowers are placed. The bud-scales are mostly brown 

bodies but little developed, which fall off as the develop- 
ment of the bud progresses, when they have fulfilled their 
purpose.’ The bracts are, on the contrary, as a rule more 

perfectly formed and green, or of some other colour as in 

the spathe of Cala [or Richardza, or the brilliant red bracts 
of Pornsetiza, Buginvillea, &c.| Their presence or absence, 
and their more or less complete development, are important in 

determining the nature of the inflorescence, and in defining _ 
the characters of certain families of plants. The g/umes of 

Grasses, the spathe of Aroidez, the alee of Composite, and — 
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the involucre of Umbelliferse [and Composite], are different 
forms of bracts. 

To this class belong also the scade- or cataphalaty Leaves, 
which are either colourless, yellowish, reddish, brown, or 
rarely green; often fleshy, leathery, or membranous, and 

which for the most part remain buried in the ground. When 
the true foliage-leaves are strongly developed, the scale- 
leaves are generally inconspicuous ; while in other plants 
they are conspicuous, as in saprophytes which are desti- 
tute of chlorophyll and have no true leaves. 

The foliage-leaves—often called simply leaves—are dlis- 
tributed over the stem in a great variety of ways. When 
there is more than one on the same level they are opposite, 
decussate (Fig. 138), or verticillate (Fig. 139) ; when there is 
only ene on the same level, alternate or scattered (see p. 76). 

Irregular as the arrangement appears in the last case, a 

close investigation nevertheless shows that these also are 
distributed on-the stem in accordance with definite laws. If 
a spiral is drawn round the stem connecting the points of 
attachment of the leaves, and these are then marked on 

the spiral, it is found that in any particular species there is 
always a certain definite number of leaves on any given 
nimber of circuits made by the spiral round the stem. The 

-. course of the spiral from any one leaf to the next leaf which 
stands exactly vertically above or beneath it is therefore 
termed the /eafcycle. In order to determine the law of 
phyllotaxis or leaf-arrangement in any particular species, the 

number of leaves in a cycle is placed as the denominator 
of a fraction, and the number of circuits round the stem in- 

cluded in the cycle as the numerator. Thus, for example, 

the es of the pear, oak (Fig. 140), poplar, and walnut, 
have a 2 arrangement ; zz. five leaves are found on every 

two circuits which make up the cycle. In Plantago (Fig. 
141) the phyllotaxis is 8. That the law of phyllotaxis, to 
which the floral leaves are also subject, must have a great 

influence on the estivation is self-evident: thus the quin- 
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-cuncial gestivation corresponds to the 3? phyllotaxis. The 
spiral itself may either be a right-handed one, ze. running 
from the left below to the right above, or conversely a left- 
handed one. The law thus indicated is not, however, 
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Fic. 139.— Verticillate leaves of the | 
madder, Rubia tinctorum. 

Fic. 138.—Decussate leaves of the 
scarlet pimpernel, Axagadllis 4 
arvensis, with axillary flowers. Fic. 140.—2/5 phyllotaxis of the oak. 

always easy to recognize in practice. Of the leaves of 
grasses, for example, one half follow a mnght-handed, the 
other half a left-handed spiral. The spiral arrangement — 

is often obscured by the leaves standing in a fasciculate 
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manner on a branch which has remained undeveloped, as 

in the larch. | : | 
Since the secondary axes (branches) generally spring 

from axillary buds, it follows that their arrangement on the 
stem is dependent on the phyllotaxis of those leaves in the ~ 
axils of which they arise, as is seen at once in any labiate 
plant. It is also easily understood that an apparently alto- 

gether irregular arrangement of the branches on the stem 
may be the result of the abortion of a number of buds. 

A leaf of the most perfect development may be divided 

into its sheath, its petiole or leaf stalk, and its lamina or 

flatly expanded blade, although one or other of these parts | 

Fic. 141.—Diagram of the 3/8 phyllotaxis | Fic. 142.—a Split leaf-sheath of a 
of Plantago. grass; 4 ligule; d@ part of the 

lamina of the leaf; c node of the 
culm. 

-is most often wanting. Thus the leaves of grasses have a 

sheath, but no petiole ; those of the apple and pear a petiole, 
but no sheath ; in those of many Umbelliferee, such as Azge- — 

lica, all three parts occur. 
The eaf-sheath embraces the stem in the form of a hol- 

low tube. In grasses it is always split in front (Fig. 142) ; 
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in rushes and sedges, on the contrary, closed or entire. 
The split sheath of many Umbelliferze is inflated ; while the 
closed sheath of the knot-grass, Polygonum, does not bear 

the leaf at its upper end, but on its back, and is in this case 
called an ochrea. 

The fetzole is not always present ; and leaves are hence 

distinguished into petzolare or stalked, and sessz/e. It is often 

Sa Fic. 143.—Leaf of Acacta melanoxylon, showing phyllodes, a 0. 

connected with the stem, rarely with the sheath, by a pecu- 
liar more or less swollen articulation. If this articulation 
is large, and a portion of it remains attached to the stem 
after the fail of the leaf, as in the spruce-fir, the portion, that 

thus remains is called a pulvinus. After the fall of the leaf, 
the spot to which it was attached is indicated by a scar or 
cicatrix. The petiole may be cylindrical, semicylindrical,. 

channeled, or flat, and is sometimes winged, or provided 
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with leaf-like expansions at the side. Some Australian 
species of Acacia possess in the early years of their life bipin- 

nate leaves with a more or less flatly expanded petiole 
(Fig. 143, 2); but subsequently the pinne are no longer 

developed, the branching is also suppressed, and the simple. 
petiole, now strongly developed into a flat plate (Fig. 143, 
a), performs all the functions of the leaf. Such a petiole is 
termed a phyMode, and is distinguished from leaves of nor- 

_ mal structure by its mode of development, as well as by its 
vertical position. ! 

At the base of the petiole on both sides are feqieaees 

found flat leaf-like appendages, the s¢zpules (Figs. 144, 145). 

Fic. 144.—Leaf of the pansy, with Fic. 145.—Leaf of the elm, with 
two large stipules. small stipules. 

These are sometimes adherent to the petiole, or adnate, as in 

the rose, and occasionaliy even run down a portion of the 

1 [The petiole of Sarracenia and Darlingtonia is expanded into a re- 
markable pitcher-like organ capable of holding a considerable amount 
of fluid. The somewhat similar pitchers of the ‘pitcher-plant’ or 
Nepenthes (Fig. 193, p. 106) are considered on the other hand to be 
expansions of the lamina, —ED. ] 
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stem itself as in the wood-vetch, Vicca sepium, when | they 

are decurrent, and give a winged appearance, sometimes to 
the petiole, sometimes to the stem. [When not adherent to 

the petiole they are said to be /vee.] The stipules are mostly 
smaller than the true leaves, seldom larger, as in the pansy 

(Fig. 144). In Lathyrus Aphaca (Fig. 146), the stipules of 

Fic. 146.—Lathyrus Aphaca; r tendril; Fic. 147.—Leaf of grass ; Lg. ligule; _ 
b flower ; / fruit ; 7 stipule. L lamina ; G leaf-sheath. 

the upper leaves are the only part to expand, the leaf itself 

degenerating into a tendril. The stipules of the gooseberry - 
-and common ‘acacia,’ Robinia pseudacacta (Fig. 184, p. 103), 

--are spinous ; they are leaf-like and persistent in the pea, 

membranous and deciduous in the oak and beech.! Under 

the head of stipules come the /ewles (Figs. 142, 147), or 
delicate appendages which grow at the point of union of 

lamina and sheath in the leaves of grasses. 
Sessile leaves sometimes partly or entirely embrace the 

stem, and are then amp/lexicaul, or semi-amplexicaul. In the 
former case the base is occasionally developed in a sheath-like 

1 [In pinnate leaves, each of the petiolules or separate petioles 
of the leaflets is sometimes furnished at its base with a secondary sti- os 
pule or stzpella. —ED. ] : 
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form, sometimes not, as in the common buttercup (Fig. 148). 

So-called perfolvate leaves, as in Bupleurum rotundifolium (Fig. 

Fic. 149.—Perfoliate leaf of Bupleurum 
rotundtfolium. 

Fic. 148.—Amplexicaul leaf of the 
buttercup, with petiole expanded 
at the base. 

A\\ 
\) \\ 

Fic. 151.—Decurrent leaf of Sysephytuse ofi- 
Fic. 150.—Connate leaves of the cinale, the stem hence becoming winged on 

honeysuckle. one side. 

149), or connate leaves, as in the common honeysuckle (Fig. 
150) jor Chlora perfoliata], are varieties of the amplexicaul 
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form. In the former case the two margins of the base of 
the leaf have united ; while the latter variety consists of 

two leaves which have become completely united at the 
base in their growth. Not unfrequently the leaf is united 
for a certain length with the stem, when it is said to be 
decurrent [and the stem to be wénged], (Figs. 151, 152). 

The Zamina or blade, the most essential part of the leaf, 

may assume almost any conceivable form. The first thing 
to observe is whether the petiole bears only a single lamina, 
or several, connected with it by secondary petioles or fetzo- 

Fic. 153.—Lanceolate leaf Fic. 152.—Decurrent spiny leaves of thistle, the stem 
of the privet. a hence becoming winged. 

Jules, or by articulations. In the first case the leaf is said to 

be stmple, in the latter cases compound. 

The separate leaflets of a compound leaf, as well as the 

single lamina ofa simple one, may have the greatest variety 

of external form. Zznzear leaves are such as are not only 

many times longer than broad, but are of nearly the same 

width from the base to near the apex, as in nearly all grasses. 

‘Tf the leaves are at the same time somewhat rigid, as in /77s, 

ee they are evsiform ; and if they are also sharp-pointed like 

those of most Conifers, they are acicular or acerose. A lanceo- 

Jate leaf (Fig. 153) is three or four times as long as broad; and .-».) 
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is narrowed to a point both at the base and the apex. In 
the edliptical or oval (Fig. 154), and the oblong leaf, the ends 

are equally rounded off; the for- 

mer 1s two to three, the latter three 
to four times as long as broad. The» 
terms ovate (Fig. 168, p. 98) [| where 
the broadest part is nearer the base 

Fic. 1§4.—Oval leaf of the Fic. 155.—Orbicular leaf of Malza | 
apple [with two freé stipules]. rotundifolia, . 

than the apex], [obovate, where the broadest part is nearer 
the apex than the base], szdb-rotund, orbicular (Fig. 155), 

Fic. 156,—Cordate {unsymmetrical ] Fic, 157.—Leaf of Oxalis micrantha, leaf of the lime. with three obcordate leaflets. 

cordate (Fig. 156), obcordate (Fig. 1 57); triangular,’ as in 
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Atriplex patula (Fig. 158), and rhomboidal, are sedi in Hepet 
obvious signification. A veniform leaf (Fig. 159) is ones 
that is broader than long, and has the apex rounded off, 

Fic. 158.—Triangular leaf of Fic. 159.—Reniform leaf of Fic. 160. — Sagit- 
LALA plex PALA. *) = the ground-ivy, WVefeta tate leaf of Coxvol- , 

Glechoma. vulus arvensis. 

with two projecting lobes at the base also rounded off. 

Sagittate (Fig. 160) and hastate (Fig. 161) leaves are 

Fic. 162.—Peltate leaf of T7ope@olum. 
of Rumex acetosa. _ 

¢ \ oS 

Fic. 161.—Hastate leaf 

pointed at the apex, and have also two pointed lobes at the 
base ; the incision bounded by these latter is acute-angled _ 
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in the former, very obtuse-angled in the latter case. In the | 

peltate leaf (Fig. 162), the petiole springs from the middle of 

~ the lamina [as in Hydrocotyle or Tropeolum|. 

In describing the form of the base of the leaf, z.¢. of the © 

' part of it which is attached to the stem or petiole, some 

of the same terms are applicable as those already defined ; 

as, for example, cordate, reniform, hastate, &c. There are 

some others also inuse. Thus the base may be cuneate or 

wedge-shaped (Fig. 163), when it passes gradually into the 

Fic. 163. —Cuneate Fic.164.—Acuminate Fic. 165. —Spathu- Fic. 166.—Mu- 
leaflet from the leaf leaf of the pellitory, late leaf of the ox- cronate leaflet 
ofthe horse-chestnut. Parzetaria, eye daisy, Chrys- of the lucerne 

anthentumue leucan- (magnified). 
theming. 

petiole; and the sfathulate leaf (Fig. 165) is somewhat 
similar [as in the London pride, Saxifraga umbrosa|. The 
apex of the leaf also often requires special description. It 
is obtuse, acute, acuminate [when the apex narrows rapidly 

and lengthens into a point] (Fig. 164), mucronate (Fig. 166) 
~ [when ending abruptly in a short sharp point,] ¢runcatz 

[as in the tulip-tree, Leriodendron|, emarginate (Fig. 167) 
| when indented at the apex], or odcordate (Fig. 157, p. 95): 

In but comparatively few cases is the lamina entirely 

H 
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without incisions of any kind. In the great majority there 
are either smaller notches which affect only the margin, or — 

/ 
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Fic. 167. — Emarginate Fic. 168.—Dentate ovate Fic. 169.—Serrate leaf of » — 
leaf of Amaranthus. leaf of the guelder-rose, Lamium. : 

Viburnum Opulus. ' . 

deeper incisions which cause the leaf to assume a different 
form, or both may occur on the same leaf. In reference to 
the margin, the leaf may be evdzre [without notches of any 

a 
s - 

Fic. .170.—Part of the bi- Fic. 171.—Ciliate leaf of Fic. 172.—Spiny leafof — “ 
errate leaf of the elm. the beech. the holly. i 

kind, as in all Grasses, Caryophyllacez, Vinca, &c.]; dentate 

(Fig. 168) [when the teeth are sharp and point outwards 4 
with concave edges], serrate (Fig. 169) [when the teeth are 
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sharp and point forwards towards the apex like the teeth of 
a saw]; diserrate (Fig. 170); crenate (Fig. 159) [when the 
teeth are rounded off with convex edges]; or vepand [when 
the marginis wavy]. A leafis ccdzaze (Fig. 171) [when fringed 
with hairs on the margin], spzzy (Fig. 172) [when ‘the teeth 
are long and very sharp], rough or scadrous when provided 
with small scarcely visible roughnesses. 

If the margin of a leaf or leaflet is more deeply cut than © 
is indicated by the terms just mentioned, it is zzczsed, and ~ 

_ pinnatisect 1f the divisions extend i 
[very nearly] to the mid-rib (Fig. ~ CA, 

174); palmatisect if they extend [very we : 

nearly] to the base of the leaf (Fig. \\ 
173) ; pennatipartite and palmati-— 2 a 

partite (Fig. 183, p. 102) respectively ees SA 
if the incisions do not extend quite 

Fic. 173.—Palmatisect leafofthemonks- + Fic. 174.—Pinnatisect leaf of 
ood, Aconitum. the common poppy, Pagaver 

Rheas. 3 

so far; and pennatifid and palmatifid when they extend about — 
half-way from the margin to the mid-rib or base of the leaf. 
If the divisions of a palmatifid leaf are five in number, it is » 
called palmate (Fig. 181, p. 102). Special modifications of the 
pinnatifid leaf are the rwzcinate (Fig. 175), where the points of 
the large central lobes are reflexed ; Zyrate (Fig. 176), where 
the terminal lobe is much the largest, 2nd the others decrease 

H 2 



gradually towards the base ; leet Fig. ae whee a 

leaf is irregularly cut into very narrow segments. Ina ae 
leaf the lobes into which the margin is divided are narrow 

and pointed ; in a /oded leaf (Fig. 179) they 
are broader and rounder (with the excep- 

tion often of the ter-— 
minal lobe), the inci- - 

sions themselveshaving _ 
Ah an acute angle; in a 

| sénuate leaf (Fig. 180) 

> 

Fic. 175.— Runcinateleaf Fic. 176.—Lyrate leaf of fic. 177. — Heteromorphic_. 
i of the dandelion. the white mustard, Bras- leaves of the water crowtoot, 

sica alba, Ranunculus aquatilis ; the 
m floating leaves trilobed, the 

submerged leaves laciniate. 

still broader and shallower, the incisions themselves being 
also rounded off. According to the number of the divisions, ~ - 

the leaf is ¢rifid, trelobed (Vig. 179), jive-lobed, &c., or the 
latter 1s usually called palmatilobed. ; 

~ Compound leaves are classed under two principal heads, 
the digitate and the finnate. In the former, several leaflets — 

—3, 5, 7, or less often 4—spring from the apex ofthe common 

petiole. The most common number is 3, as in the clover — : 

(Fig. 182, p. 102), when the leaf is said to be ternate Oks 4 
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trifoliolate. When the petiole divides at its apex into two 

main divisions, each of which bears several leaflets, it is 
pedate (Fig. 183). The 
pinnate leaf has its leaf. 

lets arranged on -each 

side of a common elon- 
gated petiole, which is — 
then called the rachis. 

If the rachis ends in a 

terminal leaflet [so that 
the number of the pinnze 

is uneven] the leaf is 
unequally pinnate or z7- 
paripinnate (Fig. 184); 
if the number of leaflets 

is an even number it : 
-~ js partpinnate or equally Fic. 178.—Palmatifid leaf of the castor-oil 
pinnate (Fig. 18 5 ); and plant, Ricinus communts. 

in this case the rachis may run into a tendril or a point 
(Fig. 185), or may end abruptly. The leaflets may be 

Fic. 179.—Trilobed leaf of the hepatica. Fic. pseu eden leaf 
of the oak. 

opposite to one another on the rachis (Fig. 184), when 
each pair forms a ‘7uguz2,’ or they may be alternate (Fig. 
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185). If large and small leaflets alternate with one another, 

the leaf is zvéerruptedly pinnate (Figs. 186, 187). | 

Fic. 185.—Paripinnate leaf of Lathyrus ma- 
crorhizus [with auriculate or ear-shared sti- 
pules] the rachis ending in a point. 

Frc. 184.—Imparipinnate leat Fic. 186.—Interruptedly Fic. 187.—Interruptedly | 
of the ‘acacia,’ Robinia pinnate leaf of the po- pinnate leaf of Agz- 

_ Pseudacacia, with opposite  tato: | monta Eupatoria (with 
leaflets [and spinous stipules]. connate stipules]. 

In some cases the division into leaflets is repeated, and 
the leaf is then supradecompound. Thus we may have a 
biternate leaf (Fig. 188), [in which each of the trifoliolate 
sections is again trifoliolate], a dipzunate (Fig. 190), and even 



Fo eet Li 5 Ave Ve Mf PES Bo BO Fa pac Gdn time he Pe Ow ee a 2 es ee 
me es , ; y S > > - ‘ me Y - , Oat Po ws 4 
me rae ur ay nwa! a . Pe : t.2 

; 
* 4, aoe, 

104 Structural and Physi 
7 ve ax ‘ eae a ‘ : o bi 

ological Botany. 

a fer- to guingue-pinnate leaf (Fig. 189). In the bipimnate leaf, ra which is of very common occurrence, the leaflets which are 

Fra. 188.—Buiternate leaf of Actea spicata. Vic. 189.—Terpinnate leaf of Thalictrum. 

a 

attached to the common rachis are termed the fzmuz@, and 

the secondary leaflets the pzzzules.! 3 

Fic. 190.—Bipinnate leaf of Gledstschia triacanthos. =, es ‘ 

1 [Several of the terms now defined, especially those relating to Phe oe 

form of leaves, are necessarily used in slightly different senses by different 
a 

tae 
|i 

A 
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All the terms now defined in reference to the attachment, 

form, incision, and division of simple leaves apply equally to 

the leaflets of compound leaves. 
The disposition and course of the ribs and veins, or the 

venation of leaves, is greatly dependent on the form of the 
leaf (or perhaps the converse is rather the case). The term 
principal nerve or mzd-rzd is given to the one which 1s most 

_ strongly developed, and which passes through the centre of 
the leaf ; the larger branches which go out from it are the 

lateral rzbs, and the smaller 

ramifications the vezs (see 

Pas 181, p. 102). If aleaf 
has only a single unbranch- 
ed mid-rib, as in many 
Conifer, the venation is 
said to be simple. If the 
principal vein, when it en- 
ters the lamina of the leaf, 

divides at once into several 
branches, the terms fa/- 

menerved (Fig. 191), pedate- 

Be 83, p. 102), one oh Malnterel leat of Core 
pelitnerved (Fig. 162, p. 96), 

are given, according to the shape of the leaf. When the - 
mid-rib runs through the leaf to its apex, sending out lateral. 
branches from each side, the leaf is pznnatinerved (Fig. 163,. 

_p.97). When several nerves enter the leaf from the stem 

or petiole, they may be nearly straight and parallel to one 
another, as in grasses, or somewhat curved asin the lily of the 

valley, but are said in either case to be parallel-veined. The 

writers. They may be combined in a variety of ways, as Linear-lanceo- 
late, cordate-ovate, &c. The following, not mentioned in the text, are 

also in use among English writers : deltoid, with three nearly equal 
angles ; swbudate, nearly cylindrical and awl-shaped ; apiculate, ending 
in a short sharp point ; czsfédate, with a slenderer sharp point. The 
margin is revolute when turned backwards on to the under side.—ED. ] 
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-- finest ramifications of veins are found almost without excep- 
- tion in twining plants among Dicotyledons.! 
- The lamina is as a rule flat, rarely cylindrical (Fig. 192), 

Fic. 192.—Cylindrical leaf of the Fic. 193.—Ascidiform leaf of pitcher- 
\ stonecrop, Sedum acre. plant, Vesenthes. 

2 aN NY 

AZ, 

Fic. 194.—Zornelia fragrans, an Aroid, with perforated leaves. 

_. 1 {The parallel venation of the leaves is especially characteristic of 
_ Endogens or Monocotyledons ; while all the other modes of venation, — 

comprised genera'ly in the term reticulated or net-verned, are found 
nearly exclusively in Exogens or Dicotyledons.—ED. ] 
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or fi/zform as in the submerged leaves of Ranunculus aquatilis — 
(Fig. 177, p. 100), fistulose as in Allium carinatum, inflated 

as in the onion, or even ete as in the case of the 

pitchers of /Vepenthes (Fig. 193), [and a few other genera, 

the bladders of U¢ricularza (Fig. 356), &c.| Occasionally — 
the lamina 1s perforated (Fig. 194). 3 

It is not uncommon to find on the same plant leaves of 
different forms (Fig. 177, p. 100; Fig. 195), when the plant ts 
said to be heterophyllous. 1 
This is especially the case 
with many water-plants, in 

submerged, while others rise 
above the water or float 
upon it, as in the arrow- 
head, Sagztarta sagittefo- 

Yee, and. . water ges Oe 

Ranunculus aguatilts. Ss 

leaves which grow from the. r 

lower part of the stem, or S 

radical leaves, are. fre- 

quently different in shape 
from the upper ones [or _ 
cauline leaves attached to oe 

the stem]. 
_ With reference to their — 
consistency, leaves are her- 
baceous [7.e. thin and flaccid ], 

succulent asin the lettuce, NY 
coriaceous or leathery as in in 
the box or holly, or fleshy 
as in Pinguicula. Fic. 195. — Heterophyllous leaves of shep- 

herd’s purse, Capsella bursa-pastoris. 
The leaf is usually of 

symmetrical shape on each side of the mid-rib ; but some- 
times wnsymmetrical or oblique (Fig. 156, p. osy, as in the 

_ lime or Begonia, one side being larger than the other. 
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of the majority of plants in temperate climates fall off in the — 
autumn [or are deciduous]; in so-called evergreen trees and 

_. shrubs they persist through the winter, and may even remain 
__ for several years, as in some species of Conifere. $ 

- ‘The green colour which is characteristic of the greater 
- number of leaves is due to a colouring matter contained in 
their cells, chlorophyll (see p. 24). In some etiolated |sapro- 
phytic or parasitic] plants, as Orobanche, it 1s wanting ; in 

_ Others the leaves are variegated or coloured white, red, or 

yellow, in patches. The colour of the leaves of many plants 
changes more or less in the course of the year. ‘Thus the 
leaves of the grape-vine, which 

Fic. 196.—Stem-tendrils of the grape-vine ; 
v in the normal state; v bearing a bunch 

- of grapes. 

are at first green, often turn — 

red in the autumn; while 

those of the copper-beecnh 

are reddest in the spring, 

and afterwards become 

more and more green. 

SUBSIDIARY ORGANS. 

Under this head are 

included a number of struc- 

tures which may be regarded - 
as appendages to the or- 
gans already described. 
They are 1n some cases 
modified parts of the 
stem or leaf, in others a 

special development of the 
epidermis which forms the 
outer covering of plants. 
Among them are /endrils 

or crrhz, filiform struc- 

| , tures which cling round 
- neighbouring substances, and whose function is to enable ~ of 

- weak plants to attach themselves to, and to climb up 
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stronger plants. Accordingly as they belong to the stem as in 

the vine (Fig. 196), or to the leaf as in the tare, they are 

called stem- or leaf-tendrils. The same distinction is made_ 

between Jranch-spines as in the sloe (Fig. 197), and 4af-- 

spines as in the holly (Fig. 172, p. 98); ze. stiff and very 

sharp-pointed. structures arising from the transformation of a 

stem or leaf, or a part of one of these organs, and which are 

therefore not mere epidermal growths.! Prick/es, although 

Fic. 197. —Branch-spines of the sloe, Fic. 198.—Prickles of the rose. 
' Prunus spinosa. fe 

sharp-pointed like spines, are distinguished from them by 
belonging to the epidermis only, and therefore easily break- _ 
ing off smoothly, which is never the case with spines; a 
good illustration is furnished by the rose (Fig. 198; -se 
also p. 63). An important class of these subsidiary organs 
are fairs—delicate appendages of the epidermis which are 

1 [Tendrils and spines may also both be metamorphosed stipules ; the 
former is generally believed to be the morphological nature of the ten- 
drils in the Cucurbitaceze ; the latter is the case in the ‘acacia-tree,’ 

. Robinia (Fig. 184, p. 103). In Lathyrus Aphaca (Fig. 146, p. 92), 
the whole of the’leaf is converted into a tendril ; but more frequently > 
only the upper pinnee of a compound leaf, as in many Leguminosze, 
or the extended nnid- rib, as in Glorzosa.—ED. | 
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sometimes very thinly scattered, when [if they are node oe 
- stiff] the part which they cover is said to be sefose or hispid, — 

hirsute |when the hairs are longer], pubescent, or villous 
[when the hairs are thicker and softer, according as they 

are shorter or longer |; sz/ky [when they are very long and — 
delicate] as in the young leaves of the aspen; zoo//y as in 

some species of Primula ; tomentose as on the underside of 
the leaves of the aspen, or floccose, as in Verbascum Thapsus 

[when they are very dense and interwoven, according to the 
coarseness of the hairs and the thickress of the coat which 
they form]. Sometimes, as in the stinging-nettle (Fig. 88, 
p. 62), the hair contains an acrid fluid, and-is then called a 
sting ; if the fluid, on the other hand, is viscid [or oily], it 
is termed a glandular hair (Fig. 92, p. 63). Closely con- 

nected with these are g/ands, organs which do not assume the 

form of a hair, but, like glandular hairs, secrete a fluid which 
causes the surface to become viscous or glutinous as in 
Lychnis viscaria (see also p. 63). Mention should be made 
finally of scales [or peltate hairs|, peculiar flattened_ hairlike 
structures, such as occur on the leaves of Lveagnus (Fig. 91, 
p. 63), and Azppophaé rhamnoides. 

\ THE FLOWER. 

The flower is the organ [or rather assemblage of organs] 
~ the purpose of which is the production of the seed. It is 

therefore the reproductive organ of the plant, and is mor- 
-phologically a branchlet provided with leaves of peculiar form. 

The more or less perfect development of the flower- 

‘Stalk determines whether the flower is pedzcellate (stalked) or 
sessile. 

Some parts of the flower are essential, others non- 
essential, according as they are ipdispensable or not for its 
main purpose, the production of the seed. The non-es- 

sential parts, which are always exterior, form together the 
floral envelopes or Zerzanth, and are separately the “a and © 
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corolla, the former constituting an outer whorl, which is 
usually green, and the latter an inner whorl, which is usually 
coloured (7.e. not green), (Fig. 199). In other cases, how- 

F IG. 199.--Flower of Sywz- Fic. 200.—Flower of Sisymebrium A lic- 
phytum officinale, with both aria (magnified): k calyx; B corolla ; 
calyx and corolla. S stamens ; St pistil. name 

ever, there is no such contrast between the two whorls. One | ~ 

may be entirely absent, as in the elm [or stinging nettle], — 
or, if both are present, as in Lillacee, [Juncaceze], and 

Fic. 201.—Staminate (4) flower of Cali- FiG.202.—Pistillate( 9) flower of CaZZz- 
triche verna (greatly magnified) with triche verna (greatly magnified). 
two-sickle-shaped bracts. 

Orchidez, they may not materially differ in colour or form ; 
and the term Zerzanth is especially used in reference to these’ 
cases. The essential parts of the flower are the andrecium 
or stamens, and the gvueceum or pistil (Fig. 200, s, St). 
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2 female organ, after fertilisation by the pollen formed in 

-(Fig. 201); if on the other hand the pistilis present but 
~ the stamens absent, they are fzsti//ate or female (Fig. 202); 

Fic. 203.—Neuter flower of Fic. 204.—Floral diagram of a cruciferous 

‘outermost flowers of the capitula of the corn blue-bottle, | a 

species and the flowers are said to be monectous; diectous 
when the male and female flowers are on different individuals, 

and hence some individuals are male, others female ; while 

- The fruit, oe RL the seeds, is developed out of the latter 

_the stamens or male organs. | 

When all these four organs are present in the same ie 
Bowes it is said to be complete or perfect; if either is  — 
absent, incomplete or zmperfect. The flowers for example 

of the rose, mignonette, and forget-me-not are perfect;  —— 

those of the willow and poplar, which have neither calyx 
nor corolla, are imperfect. Other flowers again are imperfect — 

from the absence of one of the essential parts. Those 
flowers which possess both stamens and pistil are Lerma- 
phrodite or bisexual; those in which either stamens or ee: 

pistil are wanting are diclinous or unisexual. Ifthe stamens = 
are present but the pistil absent, they are male or staminate 

Centaurea Cyanus. flower; K calyx ; Bcorolla; s stamens; 
St bilocular ovary (see also Fig. 200). 

while flowers which possess neither pistil nor stamens, as the 

Centaurea Cyanus (Fig. 203), are sterile or meuter. If 
the same plant bears both male and female flowers, the 

those plants in which male, female, and hermaphrodite 

flowers are all found on the same individual are said te be 
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- polygamous. Examples of moncecious. plants occur in the 
oak, walnut, birch, and Caditriche ; of dicecious plants in the 
juniper and poplar; of polygamous in the maple, eim, and 

horse-chestnut. 
The centre of a perfect flower is occupied by the pistil, 

around which are grouped first the stamens, next the corolla, 

and finally the calyx, arranged in whorls or spiral lines. 
The greatest diversity, however, prevails in the mutual posi- 
tion of the individual organs, which is best recognised by a 
longitudinal section of the flower, and by the floral diagram 
or cross section. In Fig. 204, for example, which represents 

: sna! lite 
- iS 

Fic. 205.—Diagram of the flower Fic. 206.—Diagram of the flower of Ranun- 
of Khamnus Frangula; with culus acris; with five imbricate sepals, five 
five valvate sepals, five folded imbricate petals alternate with the sepals (both 

_ petals, five stamens opposite the quincuncial),a very large number ot stamens, 
petals, and a trilocular cvary. © and a large number of distinct carpels. 

diagrammatically the cross, section of a cruciferous flower, it 
is seen that the calyx, K, consists of two whorls, each of two 

leaves, with alternate zestivation; the corolla, B, of one whorl 

of four leaves with valvate zestivation ; while the andrecium, 

s, also consists of two whorls, the outer one of two, the inner 
one of four stamens. ‘lhe leaves of the corolla alternate 
with those of the calyx ; the stamens of the inner whorl stand 
in front of (in other words, are opposite to or superposed- 
upon) the leaves of the corolla, the two outer ones being 

I 
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alternate with Phere: The diagrams Pigs, 205, 2061 bring 
out analogous. points of structure. Seis 
All the different parts of the flower frequently stand free sat 

on the base or receptacle of the flower, as in the various 
species of Ranunculus, but are often coherent or adherent to. ¢ 
one another. Thus in the dead-nettle, borage, &c., the 
stamens are adherent to the corolla, and in Daphne (Fig. 
207) to the perianth ; in the Malvaceze (Fig. 275, p. 139) the oe 

Fic. 207. — Longitudinal section Fic. 208. Tonsipiiet section through 
through the flower of Daphne the flower of Rhamnus Frangula, show- 
Laureola, showing the stamens ing the lower part of the calyx, corolla, 
adherent to the perianth. and stamens adherent to one another. 

filaments of the stamens are coherent in their lower part into 
a tube; in Orchidez the single stamen is adherent to the 
pistil, &c. When the calyx, corolla, and stamens adhere to 
one another at their base, the flower is said to be calycifloral 

(Fig. 208) ; thalamifloral when the various parts stand free 
on the receptacle (Fig. 209). | 

Special importance is attached to the relative positions ee 
of the perianth-whorls and stamens in relation to the pistil, 

or to their zzsertion ; the ovary [the lower part of the pistil] ; 
being znferior or superior in relation to the superior or 
inferior calyx, corolla, and stamens. ‘Thus the ovary. 1s ay 

1 Tn all the diagrams, the ler is shaded a lighter colour than the 36 
corolla. 

| 
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flower are attached | | : 

to its upper part, and Fic. 209.—Longitudinal section through the flower 
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superior or free, as in Ranunculus (Fig. 209) or Rhamnus 
(Fig. 208), when the remaining parts of the flower are 
attached to or below | 
its base, and are con- 

versely inferior or Zy- 
pogynous. The ovary 

on the other hand is 
inferior when the 
other parts of the 

are therefore supe- of Ranunculus acris, showing the hypogynous 
3 calyx, corolla, and stamens. 

rior, adherent, or ¢fz- 

gynous, as in Mesembryanthemum (Fig. 210). The ovary, 
finally, is half-enferior when the other parts of the flower 

are coherent at their base, and thus form a tube which sur- 

Fic. 210.—Longitudinal section through the flower of Mesembryanthemum faici- 
Jorme, showing the epigynous calyx, corolla, and stamens. © 

rounds the free pistil, as in the rose ; the calyx, corolla, and 
stamens then having a half-superior or perzgynous } insertion. 

* [Practically the term Zerigynous is used in English descriptive bo- | 
tany with reference to the stamens to express their union to the calyx ; 
when attached to the corolla they are epifetalous ; epigynous when 
attached to the upper part of the ovary. An ‘inferior’ ovary is always 
the result of the adhesion to the wall of the ovary of a part or the whole 

I2 
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Fic. 211.—A H7zp- 
puris vulgarts 
with  verticillate 
inflorescence; B 
separate flower 
consisting of a 
pistil with a long 
wart-like stigma 
and a single sta- 
men (magnified). 
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- An additional point to note 1 ae 
quently the number of the different parts of 

the flower is not always the same in the same 
species. Thus in Adoxa Moschatellina and 
Monotropa hypopitys, the petals of the ter-— 

minal flowers of the inflorescence are five in 
number ; of the lower flowers on the contrary 

four; in Atriplex the perianth of the female 
flowers 1s two-leaved, while that of the male 

and polygamous flowers is three to five- 
leaved. 

THE INFLORESCENCE. 

The flowers stand either solitary or grouped 
together according to a definite law, on 
branched or thickened flower-stalks. 
group of. flowers is termed an znflorescence; 
[the common stalk of the inflorescence is 
then the feduncle, the separate stalks of 

the individual flowers jedice/s, and the axis 
of the inflorescence the rachis]. Solitary 
flowers are usually seated each in the axil of. 
a leaf or bract as in the deadly nightshade, 
Atropa Belladonna, \ess often at the apex of 
the stem as in Parzs guadrifolia, or of a scape 
as in the tulip. In some plants with verticil- 
late leaves a single flower is produced in the 

of the calyx ; when the whole is adherent, the calyx- 
limb is. then’ odsolete, as in many Umbelliferze ; F 
when only a portion, then the calyx-limb is said to be 
superior, or half-superior, as the case may be. The 
term cohesion is used to express the union of similar ~ 
parts, as stamens with stamens, or petals with petals 5 
adhesion the union of dissimilar parts, as stamens with | 4 

ioe German the: uns corolla, -or calyx with ovary. 
same term is‘used for ‘both.— Ep.]- 3 

& 
<s <= 

Such a _ 
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axil of each of the leaves, when the flowers form a true 

whorl, as in Hippuris (Fig. 211). 
The common peduncle of the inflorescence is sometimes 

extremely abbreviated, the sessile or very shortly pedicelled 
flowers standing upon it very closely crowded, as in the 
clover (Fig. 212). ‘The form of the inflorescence is then 
dependent on the nature of the termination of the peduncle. 

Malt Wat! 

Pic. 212.— Abbreviated in- Fic. 213.—Longitudinal section through the capi- 
florescence of clover. tulum of the burdock, Arctium Lappa. 

The common receptacle, or surface from which the in- 

florescence springs, is sometimes flattened out, and some- 

times swollen into a more or less hemispherical form (Figs. 
213, 214); these two variations being especially common 
in the order Composite, and characterising the capztulum ; 

or it is sometimes hollowed out into a pitcher-like form, as 

inthe fig (Fig. 21 5), constituting a hypanthodium ; or the 

separate flowers are buried in the fleshy receptacle, when it 
becomes a cenanthium, as in Dorstenia (Fig. 216). The 
receptacle itself is usually solid, but may be hollow (Fig. 214); 
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it may be xaked, or setose, ze. clothed with bristles (Fig. 217); 
_ or covered with hair-like bracts or palee when it is paleaceous 

: | (Fig. 218), or fim- — — 
briated ; or it may be | 

Sa pitted with small ex-. 

oN cavations.. All these 

forms of receptacle 
occur in different 
genera of Compositee. | 
The capitulum is 
most commonly—in 
Compositee [and Dip- - 
sacaceze | always—en,; ~ 

closed at its base in 
a common énvolucre, 

\\\ consisting of crowded 

i) bracts, | sometimes 

Fic. 214.—Longitudinal, section through the rayed arranged in several 
capitulum of the chamomile with hollow receptacle, z 
the outer flowers of the ray ligulate, the inner flowers whorls, and then 
of the disc tubular (magnified). 

| hoe mh ALL 

Sas 
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‘ 

Fic. 215.—I. Longitudinal section through the hypanthodium of a fig, exposing the 
flowers in its interior; 1I, a piece greatly magnified, with five female flowers; = 
s pistil ; 4 perianth. eas aa 
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“usually imbricate (Fig. 219). In many plants (especially 
Composite) in which the flowers are arranged in capitula, 
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Fig. 217.—Receptacle of Cextaurea 
Cyanus with hair-like and bristly — 
paleze. cr 

Fic. 216.—Fleshy ccenanthium Fic. 218.—Receptacle of Axthemts 
of Dorstenia. arvensis with palez between the 

flowers. 

il 7 NG 
Tis. (LY 

Fic, 219.—Capitulum of marigeld, with Fic. 220.—Simple umbel of 
imbricate involucre. the cherry. 
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the marginal flowers of each capitulum are larger and more — 
conspicuous than the internal ones, and the capitulum is 
then said to be vayed [the outer flowers being termed flowers 
or florets of the ray, the inner ones flowers or florets of the disc|, — 
as in the chamomile (Fig. 214), single aster, marigold, &c. — 

The wmbel resembles the capitulum in the fact of the stem 
terminating in a number of flowers, but each separate flower 
is stalked. The umbel is szmp/e when the main stem or 
peduncle ends in a number of separate stalked flowers, as 
in the cherry (Fig. 220), compound when it branches into a 
number of secondary umbels or umbellules (Fig. 221), [as in 

the majority of genera of 
Umbelliferze]. The main 
umbel is generally sur- 
rounded at its base by a 
whorl of bracts, again 
called an zzvolucre, while 

the whorl surrounding 
each of the secondary 
umbels is an zzvolucel or 

Fic. 221.—Compound umbel of fool’s parsley, partial involucre, Either 
ie thusa cynapium ; common involucre want- of the two may, however, 
ing; involucels of three leaves each. ; 

be wanting, or may con- 
sist of a smaller or larger number of leaves. Thus the carrot 

has both involucre and involucels, each consisting of a large 
number of bracts ; the fool’s parsley, “thusa cynapium (Fig. 
221), has involucels, but no general involucre; the fennel 

neither one nor the other. The length of the separate 
pedicels may vary greatly, so that the umbel becomes 

spherical, hemispherical, or flat ; or it may be rayed like the 
capitulum [as in /Zeracleum, where the outer flowers of each 
umbellule are larger than the inner ones]. 

In the sfzke, the common peduncle or rachis bears a 
number of flowers, arranged, in the simple spike (Fig. 222) 
opposite one another, in whorls, or spirally, and sessile, or 
with only very short pedicels ; while, in the compound spike, 



> a. a, ¥ ) , ae fo ia 
p ee) fe he 4 ' “4 can 

qs _ . t : y 

eas 8 

Os Lhe External Form of Plants. — 121 

these are replaced by small secondary sfzkelets, as in some 
grasses. The individual flowers may also be less or more 
crowded, according to the greater or less elongation of the 

rachis. A spike with a thick fleshy rachis, and enveloped 
in a large bract growing at its base, as in Arum or Calla, is 

e termed a sfadix, and 
the enveloping bract 
a spathe. A deciduous 
spike with weak ra- 

Am X\ chis [and unisexual 
| flowers] is a cathin 

or amentum (Fig. 
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Fic. 222. — Simple Fic. 223.—Catkin or Fic. 224. —Cone of 
spike of Verbena amentum of the oak. the Scotch fir. 

- officinalis. 

223) ; while a cone (Fig. 224)! or strobilus is a spike in which 

the rachis and bracts have become partially lignified [or 
the bracts are membranous]. ; . 

The raceme is distinguished from the spike by its separate 

* [The cone of Coniferze is here referred to as an inflorescence, as is 
also the case in some of the best English text-books ; according to the 
most recent investigations, however, it is not a collection of flowers, but. 
a fruit or ‘pseudocarp’ resulting from a single flower. In the hop we 
have an instance of a true strobilus with membranous bracts. —ED. ] 



flowers being stalked. A nee raceme or ° ponte as 
in the oat, is distinguished from a simple raceme (Fig. 22 te 

by the individual flowers on the rachis being replaced by 
secondary racemes ; when very much branched [and pyra- 

midal in shape] as in the lilac [or horse chestnut] it is called — 

ard, 

When the lower and outer flowers are borne on 

a) 

Oe Ge e/LV7SC. 
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=] 

Fic. 226.—Dichotomous cyme of 
Cerastium. — : a: currant 

ones that the whole inflorescence is more or less nearly flat- 
headed, it becomes a corymd, as in the undeveloped ae 
of many Crucifers [like the wall-flower, or in the elder]. 
the inflorescences of many species of Juncus and Luzula ie 
pedicels of the lower flowers are so greatly lengthened that 

2 

The mode of development 

Fic. 225.—Simple raceme of the 

pedicels which are so much longer than the upper and inner 

they rise even above the upper ones, and the term azthe/a 1s ~ 

then given to the inflorescence 
of the anthela corresponds to that of the sympodium (see 

The panicle often passes over insensibly nto the 
In the cyme two or more branches of 

76). 
compound umbel. It 

equal strength spring from beneath a terminal flower ; it. 
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is globular in the guelder-rose, flat-headed or corymbose 
in the laurustinus. Under this head should be included 

also the vertzzllaster, frequently erroneously described as 
a whorl, a very common inflorescence in the Labiatze, 
in which the flowers of two cymes, often but imperfectly 
developed and borne on opposite sides of the stem in 

the axils of opposite leaves, 
appear as if encircling the 

closely crowded cymes, termed —° 
glomerult, occur in Valertan- 

clla, When a cyme is de- 
veloped only on one side, and 

i in the young state is rolled up 

| | in a circinate_ manner, it 1s 

Fic. 227.—a, Cymose inflorescence of called a scorpzoid cyme, aS im 
Myosotis; B, diagrammatic represen- : 

‘tation of the order of development of the forget-me-not (Fig. 227)5 
the flowers in the scorpioid cyme. [whe n always branchin g into 

two arms of equal strength, with a flower in the angle, as 
in most Caryophyllacez, it is a dichotomous cyme|. The 
great variety of different kinds of inflorescence is increased 
and rendered more complicated by the combination of some 
of those here described.! 

* [The best primary classification of inflorescences is into (1) zde- 
finite or centripetal, in which the lowest flower or that furthest from the 

stem. Similar undeveloped — 
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THE CALYX. 

The calyx is, in its most perfect form, the protecting 
envelope for the interior more delicate parts of the flower ; 
and may therefore be compared to bud-scales. In some — 
plants, as in the Umbelliferze, it is but slightly developed, 

~ the calyx-limb being obsolete, and its teeth scarcely visible 
on the margin of the inferior ovary.'. The more perfectly 

‘developed calyx, which is generally green, consists usually 
of only a single whorl of leaves or sepals ; less often, as in 

the strawberry (Fig. 228), of two; or stcationalles as in 

instances—among Dicotyledons in the 
fuchsia, larkspur, Z7op@olum, &c.—the 
calyx is coloured ; but the whole of the 
floral envelope might in these cases be 
spoken of as a perianth, as is usually the 

case with Monocotyledons. 
The calyx is said to be gamosepalous 

Fic. 228.—Flower of the 
strawberry, with calyx OF sywsepalous |in older works on de- 
in two rows. 

scriptive botany ‘monosepalous’], when 
the leaves of which it is composed are more or less coherent 
at the base ; aposepalous or cleutherosepalous [in older works 

‘polysepalous "|, when they are completely distinct. It may 
also be regular or zrregular ; but the irregular calyx 1s almost 

always symmetrical,’ that is, it can be divided into two 

apex opens first, and then the rest in regular succession ; and (2) definite 
‘or centrifugal, in which the order of development is the reverse, the 
central flower opening first. To the second class belong the cyme and 
its varieties ; to the first most of the other kinds of inflorescence. In the 
capitulum of some Dipsacaceze we get a combination of the two.—ED. ] 

ieee NOte;-p, 115. 
2 [This term is used in most English text-books in a different sense, 

to express a relationship in number between the sepals, petals, and 
stamens. Ifthese are the same in number, or a multiple of the same 
Ue as in Saxifraga, 5, 5, 5, or Fuchsia, 4, 4, 8, the flower is said 

_-to be ‘symmetrical ;’ if this is not the case, as in Cruciferse, Ay “Ay Os or 
Labiatz, 5, 5, 4, it is said to be ‘ unsymmetrical.’— ED. | . | 

Gossypium, of ives whorls. In a few — 
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parts, so that each one is exactly similar to the other re- 
_ versed. The regular gamosepalous calyx may be rotate 
{or with the limb expanded like a wheel], zurbcnate or top-. 
shaped, urceolate or urn-shaped (Fig. 229), 2nfundibult- 
form or funnel-shaped, éubular or cylindrical, inflated (Fig. 
234), [campanulate or bell-shaped], &c. ‘The margin or | 

edge of the calyx may also be toothed, lobed, or tncised, accord- 

ing to the depth to which it is cut. The number of teeth 
has also to be taken into account, when the calyx is said to 

be bifid, trifid, multifid, &c.; or in the case of aposepalous 
calices the number of separate sepals, when it is dzsepalous, 

Fic. 229.—I. Turbinate ; II. urceolate Fic. 230.— Bilabiate five-toothed calyx 
calyx (represented diagrammatically). of Lamu. 

trisepalous, polysepalous, &c. Among irregular forms of 

the calyx an especially common one is the dz/absate, or two- 
lipped (Fig. 230), a gamosepalous calyx divided by two 
deep incisions into an upper and under division or lip 
[particularly characteristic of the order Labiatz]; and not | 
unfrequent are the spurred (Fig. 231), furnished with a larger 

or shorter hollow appendage or spur [as in Zop@olum and 
Lmpatiens] ; and the saccate (Fig. 232), which occurs fre- 
quently in Cruciferee, and consists of four distinct Sepals; . 
two of which are gibbous at the base. 

As respects its. persistence, the calyx may be caducous, 

when it is thrown off at the time of expansion of the flower, 

as in the poppy (Fig. 233); @ecéduous, when it falls off at 
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__ accrescent|, and forms. a membranous sack which envelepes: 

6 —- Structural and Physiological Botany. = 
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the same time as the corolla; or persistent [when it remains 
- after the corolla has fallen]. The calyx generally leavesa 

smooth scar when it falls off; less often, as in Datwra and 

Fic. 231.— Spurred calyx of Tvop@olum. Fic. 232.—Saccate calyx of Lunaria- 

Portulaca, the lower part remains attached like a ruffle. 
The persistent calyx often retains its form unchanged, 
as in the strawberry ; but,~sometimes, as in the.winter- ~~ ~ 

\( 4 

<Z_ | 

Fic. 233.-—Caducous calyx Fic. 234.—Longitudinal section through the | 4 
of poppy. | accrescent calyx of Physalis Alkekengt sur- 

é rounding the fruit. ‘ 

cherry, Physalis Alkehengi (Fig. 234), it increases in size [or is 

) 

"8 
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| the fruit. Sometimes it even takes part in the formation of 

the fruit, as in Zvapa, the four horns of the fruit being here 
formed by the lignification of the calyx-teeth.! Particularly 
noteworthy is the production of the appus from the limb of 

the calyx. This peculiar form is especially characteristic of 
Composite ; the calyx continues to grow after the withering 
of the corolla, and either a crown of simple hairs or pz/ose pap- 
pus (Figs. 235, 236), or a p/wmose pappus of branched hairs 

Fic. 235.—Pilose sessile pappus of Fic. 236.—Pilose stipitate pappus of 
Senecio. dandelion. . 

(Figs. 237, 238),is formed from its teeth, and subse- \ 
quently crowns the fruit. The pappus may either be 
sessile as in the groundsel (Fig. 235), or s¢zpzfate as in the dan- 
delion (Fig. 236), from the development of the upper part 
of the calyx-tube, in the form of a stalk which bears the 

_ feathery crown. The pappus, again, may be dentate, or 

coronate (Fig. 239), the calyx-teeth remaining in the latter 
case undeveloped, and being transformed into small broad 

hairs which form, as it were, a crown to the fruit. In addi- ~ 

tion to the Composite, instances of a pappus occur in 
-Valerianaceze and Dipsacaceze. The chicory, Cichorium 

1 [The fleshy calyx-tube of the rose, apple, pear, &c., unites with 
the pistil to form a pseudocarp (see p. 146).—ED.] . | 
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Lntybus, furnishes an illustration of a coronate, the artichoke : : = 
: and Scorzonera of a plumose sessile, the goatsbeard, gl ea 

_ Fic. 237. — Plumose sessile Fic. 238.—Pappusof Carlina Fic. 239.—Fruit, 7% 
pappus of 77vagopfogon. . vulgaris, the feathery rays of the tansy, Tan- 

united below into several acetum vulgare, 
' bundles andcoherent at the surmounted by the 

base into a ring. coronate pappus, 2. 

pogon, of a plumose stipitate, the common thistle, Cuzcus, of 
a pilose sessile, the dandelion of a pilose stipitate pappus. 

THE COROLLA, 

The leaves of which the corolla consists, or petals, are, 
as a rule, much more delicate than- those of the calyx, and 
are usually coloured, ze white or some bright colour in 
contradistinction to green. The colour of the corolla is, 
however, of subordinate importance, and is often variable in 

the same plant. The corolla of Pu/monaria, for example, “i 

is red when it first opens, and afterwards becomes violet 

[that of Cobea scandens changes gradually from pale-green 
to purple], while that of A/zbzscus abelmoschus is white in the 
morning, pale red by mid-day, and rose-red in me evening.! 

1 [In many species also the colour varies in different iidietdae thus y 
the corolla of Campanula rotundifolia, usually blue, is occasionally = > 
white ; that of Zvreca tetralix, usually rose-coloured, is also occasionally 
white ; while.that of Polygala vulgares is indifferently white, Dies or 
rose- -coloured. —ED.]. LVR ae wl 3 | 
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It is unusual for the corolla to be green; in the grape-vine 
it is yellowish green. Certain plants, however, which have 

normally a bright-coloured corolla, produce occasionally a 
green one, as occurs in Hydrangea and Lfesperts. 

~The corolla is gamopetalous or sympetalous |less cor- 

rectly ‘monopetalous’], when the petals are more or less. 
coherent; apopetalous or eleutheropetalous |less correctly 

‘polypetalous’|, when they are perfectly distinct ; regular 
_ when they are all alike ; zrreguw/ar when one or more differs 

from the rest in size or form; but in the latter case the 

corolla is always symmetrical. 
The principal forms of the gamopetalous corolla are g/o- - 

bose as in Hrica tetralix (Fig. 240) ; urceolate or urn-shaped 
as in the bilberry (Fig. 241) ; campanu- 
fate or bell-shaped as in Campanula 

(Fig. 242) ; 2nfundibuliform or funnel- 

shaped as in Convolvulus arvensis (Fig. 

Fic. 240.—Globose corolla of 
Erica tetralix (magnified). 
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Fic. 241.—Urceolate corolla Fic, 242.—Campanulate Fic. 243. — Infundibuli- 
of Vacciniune Myrtillus  corollaofthe Canterbury form corolla of Cozvod- 
(magnified). bell. VULUS AYUVERSES « . 

—— 

—| 

243); tubular as in the ‘ florets of the disc’ of many Com- 
posite (Fig. 244); votate as in the borage (Fig. 245); 2ypo- 
crateriform or salver-shaped as in the jasmine (Fig. 247); 
figulate or strap-shaped as in the ‘florets of the ray’ of many 
Composite (Fig. 246); ds/abeate as in most Labiate (Fig. 

K 
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248), where the corolla is divided into an upper and a lower re 
lip, the former having two and the latter three teeth [repre- 

_ senting the five petals]. When the two lips are widely sepa- 
| rated, as in the figure, — 

the corolla is said to — 
be rvéngent ; while, if 

the mouth is closed 

by a cushion-like for- 
i mation on the under- 

fk 

de 

Fis. 244.— Tubu'ar corolla 
from the disc of the capitu- 
lum of Cexztaurer Cyanus. 

Fic. 245.—Rotate corollaof Fic. 246.—ligulate co- Fic. 247. — Hypocrateri- 
: the borage, Borrago offict- rollaof Globularia Aly- form corolla of the jas- 

nalis (magnified). pum (magnified). mine (magnified). 

as in Antirrhinum (Fig. 249), the corolla is said to be per- 
sonate. |Vhe corolla, like the calyx, may be spurred, as 

Fic. 248.—Bilabiate ringent Fic. 249.—Bilabiate personate corolla of 
corolla of Lamzum album. Axntirrhinun napus. — 
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in Viola and many orchises, or Aooded, as in the monks- 

hood |. | ! 
The form of the apopetalous, like that of the gamo- 

- petalous corolla, varies, and may be géovose, campanutate, 

rotate, &tc.; but the most important point to note in it is 

the form and the relative position and number of the petals. 

As respects their form, they may be evtire as in the apple; 
obcordate as in Aithusa cynapium ; toothed or fringed as in 

“many Caryophyllacee (Fig. 250); jambriate as in Dianthus 

Fic.°250.—Unguiculate petal Fic. 251.—-Bifid unguicu- Fic. 252. —- Cruciform 
_ of Dianthus, with toothed late petal of Lychuts, flower of Lunaria 

lamina. with ligule. ma unguiculate pe- 
tals. 

plumarius ; bifid asin Lychnis diurna (Fig. 251) ; ungueciulate 

(Figs. 250-252), when the petals are very narrow in the 
lower part, which forms a claw or wzguzs, while comparatively 

broad in the upper part or Zamzna, &c. 
There are several forms of the apopetalous corolla which 

are of especially common occurrence, and therefore worthy 
of note [and which are frequently characteristic of large 
natural groups|: v2z. the cruciform, papilionaceous, caryo- 
phyllaceous, rosaceous, and the less common but very re- 

markable mitreeform. In the cructform corolla (Fig. 252), 
- characteristic of the large natural order of Cruciferee, we find 
four unguiculate petals arranged in the form of a cross, and 

alternating with the four sepals. The papzlonaceous corolla 
(Fig. 253), confined to the division Papilionaceze of the order 

K 2 ; 
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known as the Zegwle, (Fig. 251) and forming together the fs 
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Leguminosze, consists of five petals, of which one, the stan- 4 

dard or vexillum, the uppermost, 1s usually the largest; at — 
its sides are the two wengs or ale; while the lowermost 

Fic. 253.—-Papilionaceous corolla of laburnum: I. seen laterally; II. in front ;: 
III. standard; IV. keel; V. left wing seen from without. 

part of the corolla, the ee? or carina, consists of two petals - 

often more or less united above, and usually enclosing the — 
stamens and pistil. ‘The caryophyllaceous corolla (Figs. 254, 

255) consists of five petals with long ungues attached to the 

Fic. 2%4.—Caryophyllaceous Fic. 255.—Longitudinal section through the 
corolla of Lychuis vespert- caryophyllaceous corolla of Dzanthus(mag- — 
a,with corona (magnified). nified). i 

base of a gamosepalous [or sometimes aposepalous| calyx, 
[and each of the petals is often furnished with an appendage — 

- 
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; corona). The rosaceous corolla (Fig. 257), consists of five 
petals which are not unguiculate, with perigynous adhesion, 
7.e. attached to that part of the urceolate or hypocrateriform 

- calyx where the separate sepals spring from the coherent 
base, and is especially characteristic of a section of the order 
Rosaceee. The métreform corolla (Fig. 257) which occurs 

_ Fic. 256.—Longitudinal section through the rosaceous F1G.257. —Mitrzeform flower 
flower of the rose; the pistil seated in the base of of the grape-vine (mag- 
the urceolate calyx. nified). 

_ in the grape vine, consists of five petals which are coherent 
at their tips, and become detached at their base on the ex- 

pansion of the flower, thus covering the inner petals of the 
flower like a cap. 

The petals usually een off when they fall by an articu- 
lation at their base, but often remain attached and withered, 

as in Campanula [when they are said to be marcescent|. The 
corolla never takes any part in the formation of the fruit, as 
is sometimes the case with the calyx. 

THE PERIANTH. 

When the Perianth (ze. the two floral envelopes, the 
calyx and corolla) is green, as in the elm and Aumex (Figs. 
258, 259, 260), it is said to be sepaloid; when bright- | 

coloured or white, asin Orchidez and Liliacez (Fig. 261), it 
= 
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is petaloid ; the dry scarious perianth of grasses is ee Wee 
ceous; that of the catkins of many forest-trees scaly. Simi- 

lar terms may be applied to the pe-— 

rianth as to the calyx and corolla, with 
respect to the form, size, number, and 

arrangement of its separate parts. It 
may be gamophylous or symphyllous - 
[‘ monophyllous ’] on the one hand; or, on 
the other hand, apophyllous or eleuthero- 

\S phyllous |‘ polyphyllous. "|. It may be dece- 
@uous, as in orchis, or fersestent, and may 

then become accrescent and dry as in the — 
: hazel-nut, or succulent as in the mulberry. 
Fic. 258.--Double se- 
paioid perianth of Rv- In the latter cases and some others, as 
mex acetosa (magni- 
fied): heumex and Hippophaé, it takes an impor- 

Fic. 259. — Longitu- Fic. 260.—I. Staminate flower; II. pistillate flower ; 
dinal section through IIT. section of the fruit of the stinging-nettle, U/7- 
the sepaloid perianth tica dtotca (magnified). 
of the elm (magnified), 

tant part in the formation of the fruit. [Under this head 
come the falee and lodicules of grasses, and the raed | ryniuMe 

of sedges. | 

/ { 

SUBSIDIARY ORGANS OF THE FLOWER. 

By subsidiary organs are meant appendages to the flower 
of various kinds which cannot be included either among 
the floral envelopes or the essential organs of the flower. 

The corona or paravorolla is a whorl of leaf-like or fili- 

form organs, often brightly coloured, intervening between 
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the perianth and the stamens, and sometimes attached to 
the one, sometimes to the other. In the narcissus (Fig. . 
201) it 1s coherent 
and __ bell - shaped, 

while in the passion- 
flower it consists of 
a number of brightly 
coloured hairs; in 

Lychnts: (Fig. 254, 
pe re2) it forms a 
small coronet at the 
base of the rotate 

lamina of the corolla ; 

in many Borragineze 
(Fig. 262) it consists 
of five scales [or s¢a- 
mirodes| which close 
up ihe throat of the 

corolla-tube. In the 

corola of Lameum it / 
assumes the form of Fic. 261.—Petaloid perianth of Narcissus, with 6- 
Ble oe hairs ; Fa partite limb and campanulate corona. 

the grass of Parnas- 

sus (Fig. 263) it con- 
sists of five leaves 

whch terminate at 

iter apex in. from 
nine to fifteen glan- 

dula’ bodies. The 

spur( Figs. 264, 266), 

whic: sometimes be- 
longs to the calyx; Fic. 262.—Longitudinal section through the flower of 

. the borage ; each bifid stamen bears the anther on 
somemmes to the its inner half; while the outer half forms an erect 3 f 
corolla, is also fre- scale (magnified). 

quently treated as a subsidiary organ. 

“he nectartes must also be mentioned in this connection. 
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: They are the part of the Hower: Sick is  spetielly me ae re 
“structed for the secretion of honey, but are in no sense in- 

Fic. 263.—I. Longitudinal section through the flower of Paruassia palustr ; 
“hee _ IT. one of the petals (magnified); a glandular scale belonging to the corqha 

attached to it in front. 

dependent structures. Instances of nectaries are afforded 

by scales at the base of the pets of - 
Ranunculus, the glands between the 
stamens of the grape-vine (Fig. 265), 

| 
| ‘| 
| ~ 

| t 

\ 

 / 

Fic. 264.—Spurred corolla of Fic. 265.—Stamens and pistil of the gra@e-vine, 
Valeriana (magnified). with a honey-gland (nectary) between ejch pair 

of stamens (magnified). 

[the spur of the columbine and of many species of orthis, ; 

the appendages to two of the stamens of Vzola, &c.]. 
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Lastly, we must also include under this head barren 

stamens or staminodes, filiform bodies placed either within 
or without the perfect stamens, but not furnished, like them, 

Fic. 266.—Longitudinal section of flower of larkspur, with spurred 
calyx and corolla (magnified). 

with anthers at their apex. Examples occur in [the female 
flowers of] the bay Laurus nobilis, in /llecebrum, Erodium, 

Samolus, [the borage (Fig. 262) according to some], &c. 

THE ANDRCECIUM OR STAMENS. 

The Stamens consist, in their most perfect form (Fig. 
267), of a longer or shorter filiform stalk, the 77/ament, which | 

bears at its apex the anther. 
The filament usually divides 
the anther into two haives, the 

anther-lobes. ‘The part of the 

filament which is inserted 

between the anther-lobes is 
called the connective, and is 

sometimes divided into two Fic. 267.—Stamen of Fic. 268.— Stamen 

arms, which are often greatly Lomi with mo: ‘of horabeam, Car- 
elongated, and are either of connective (magni- branching connect - 

; ed). tive (magnified). 
equal length, as in the horn- 
beam (Fig. 268), hazel-nut, alder, birch, and lime, or occa-. 
sionally of very unequal length, as in Sa/vda (Fig. 269). 
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The connective usually ends with the snthen ieee aa 
these latter are then placed at’ the extremity of the filament ; 

in Parts guadrifolia, where the anther appears 
to be attached to the middle of the stamen 

wit’ "Mg ) 

Fic. 269.—Stamen of Sad- Fic. 270.—Stamen of Fic. 271.—Section of co- 
wa, with connective wheat, with versatile rolla of Verbena, with 
branching into two arms anther 6 lightly fixed _ sessile epipetalous an- 
of very unequal length ; at the extremity of the thers (magnified). 
the right-hand arm bear- filament a (magnified). 
ing an abortive anther (magnified). 

[or the violet, where it forms the orange tip to the sta- 
mens]. Since the essential part of the stamen is the follen, 

which is Ms within the anther, the filament may be en- 
tirely wanting, as in Orchidez, Ver- 

bena (Fig. 271), [and Viola], when 
the anther is said to be sessze. In 
the grasses (Fig. 270), the anther is 
fixed transversely to the filament. 

Of great importance in connec- 
tion with classification are the mode 
of attachment and number of the 
stamens, as well as the relative 

lengths of the filaments. For ex- 

ample, with but few exceptions, all 
Labiatee [Scrophulariaceee, Verben- — 

F1G. 272.—Section of corolla of aces, Gesneraceze, Acanthaceze, and | 
_ honeysuckle, with epipeta- Bicnoni d 
Peeve gnoniaceze| have two short an 

| two long [ddvnamous|~ stamens 
(Figs. 271, 273) ; all Cruciferze (Fig. 274) two short and four 
long [etradynamous|. It must also be noticed whether all the 

or less often, it grows beyond the anther, as 

cue 

se 

\ 

7 
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ie filaments. are distinct to their base or not. Sometimes the 

whole of the filaments are united into a tube or sheath 

Fic. 273.—Flower Fic. 274.—Pistil Fic. 275.— Mona- Fic.276.- Diadelphous 
of Lanetum, with and tetradyna- delphous stamens stamensof Lathyrus ; 
didynamous sta- mous stamens of Malva. nine filaments united 
mens. of Cochlearia. into a sheath at the 

base ; one free. 

| monadelphous|, as in Malvaceze (Fig. 275) and many Legu- 
minosze ; in other cases into two bundles [dadelphous|, as in 
many Leguminosee (Fig. 
276); or into a larger 
number | polyadel- 
phous|, as in the orange 
(Fig. 277) and Hyseri- 

cum. Again, when the 
filaments are perfectly 

Fic. 277.— Polyadelphous Fic. 278.—Syngenesious Fic. 279.—Stamens of A77s- 
stamens of orange anthers of thistle; the tolochia sessile upon the 
(magnified). filament free (magnified). stigma (magnified). 



AD 

Pas a Ace s- Nery WE RA OA ee © S5 t a | Pee ee oe a iets ~ BP en iel aX nl 4s Ring Sak eel ae Va), Use E ty i Bed Yi Sah ie 4 rs 4 % pab g ae “y ot Pant She 
\ , Hi 

a « 

: = 

xt 

\ 4 

140. . Structural and Physiological Botany. 

ker cai) Cal a Oe male Tia 

Occasionally, the anthers are sessile upon the stigma 
[eynandrous|, as in Orchidez (Fig. 279).! 
_ The follen is formed in the cavities of the anther-lobes, 
which are termed /ociz/z, and are most often two, more rarely 

| “Fic. 280.—Sta- Fic. 281.—Sta- Fic. 282.—Sta- Fic. 283.—Sta- Fic. 284.—Sta- 
men of Pzzus men of bar- men of ARso- men of bay, men of “rica, 
sylvestris with berry, the an- dodexdron, Laurus no- the ‘anther 
longitudinal ther opening each anther- Jézés,withtwo opening by 
dehiscence by recurved lobe opening glands at the poresand bear- © 
(magnified). valves (mag- bya pore. base of the ing two ap- 

nified). filament, the pendages at its 
anther opening by recurved valves. base (magnified). 

' one or four in number, the anther being then termed zzz- 
locular, bilocular, or guadrilocular. In most plants it .con- 

-sists of minute yellow granules, entirely distinct from one 
another ; less often, as in Orchidez and Asclepiadeee (Fig. 

1 [As respects their adhesion or mode of attachment, stamens are 

hypogynous when growing directly from the receptacle beneath the 

ovary (Raxunculus, Cruciferze); ferigynous when springing from 

the calyx (Rosa, Fuchsia); epipetalous from the corolla (Prima, 

Lamium) ; epigynous when attached to the upper part of the pistil (Um- 

as belliferze, Rzdia). With reference to the mode of attachment of the 

anther to the filament, the former is das¢fixed or innate when attached 

_ by its .base (heath, tulip) ; dorsifixed or adnate when attached by its — 

back (onion, myrtle) ; versatile, when, in the latter case, the attach- 

ment of the anther to the filament is very slender, as in most grasses 
(Fig. 270).—ED. ] 

Pe ae ae | 

distmct, the anthers may be coherent or united by their $ 
margins [syngenestous|, as occurs in Composite (Fig. 278)... 
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_. structure, of a leaf-like or glandular nature, are ther. 
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355, p- 183), they are united into a waxy mass [or follenzum|,. 
On the maturity of the anthers, they burst open or dehisce in 
a manner which is well defined beforehand. This usually 
takes place by means of a longitudinal fissure in each 
anther-lobe (Fig. 280), dongetudinal dehiscence, most often on 

the inner side of the anther, facing the pistil, zztrorse, less 

frequently on the outer side facing the corolla, 
extrorsé, as in Iridez, [or precisely at the side, 

lateral, as in Ranunculus|.. Less common modes 
of opening are the dehzscence by recurved valves, 

[when the side of the anther-lobe is turned back 
as on a hinge], as in Lerberts and Laurus (Figs. 

| 281, 283); and dy pores (Figs. 282, 284), as in 

the Ericacez, Polygala, Solanum, &c. ; [still less ,,. Bees 

frequent is the ¢ransverse dehiscence, as in Alche- men of Vaccini- 
um, with ap- | 

milia.| In some cases, appendages of a peculiar pendages at the 
base of the an- 

attached to the filaments, as in Vzo/a, the borage, onion, bay, 
&c. (Fig. 283), or to the anther, as in many Ericacee (Figs. 

224,235 ): | | 
The foliar nature of the stamens is especially well seen 

_ from the fact that very frequently—especially in many so- 

called double flowers—the stamens are converted- into 

petals; or occasionally stamens are developed instead of 

Fic. 286.—Stages of transition between the petals and stamens of Rosa centtfolia. 

petals, as is often seen in the shepherd’s purse. It is also 
not uncommon to find in the same flower a gradual transition 
between the stamens and petals, as occurs normally in 
Nympheeacez and Rosa centifolia (Fig. 286). 
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THE GYN/CEUM OR PISTIL. | 

The Pistil consists, in its most perfect form (Fig. 287), of 

- three” parts :—the lowermost swollen part, a hollow cavity 
3 containing the ovules, is the ovary; the 

middle slenderer part is the style; and the 

uppermost usually thicker part is the sézgma. 
The pistil is composed of 

one or more organs of a foliar 

nature, the carfels ; and their 

number is almost always indi- 
cated by the seams or sutures 
on the outside of the ovary. 
A knowledge may thus be ob- 

tained of the constitution of 
tne fruit, which is often charac- 

eiess287_— Pistil of! Hic. 288, Legume teristic of “whole Hanwlicemas 
lily, with ovary, of Astragalus, 
style, and stigma. _ partly cut through. plants. Thus, from the struc- 

ture of the legume (Fig. 288) it may be concluded that it 

consists of a single carpel; while in the same manner it is 
seen that the capsule of Colchicum (Fig. 289) is composed of 
three carpels. 

If a suture faces the centre of the flower, it is called the 

ventral suture ; while one facing the perianth is called the 
dorsal suture. It is common for the carpels of which a 

‘pistil consists to be coherent at the base while distinct in 
the upper part, and we have then a single ovary with several 
styles or stigmas, asin the apple. As a general rule the 

style and stigma are a prolongation of the mid-nb of the 
-carpel, although exceptions occur, as in the Papaveracee. 

Pistils which consist of a single carpel are said to be mono-— 
carpellary [as in Leguminose and Primulaceze]; when of 
‘two or more carpels dzcarpellary, tricarpellary, polycarfel- 

lary, &c.; [an instance of the first being afforded by Scrophu- 
lariacee ; of the second by Iridez; of the last by Mal- 
vacee |. 



The style is not an essential part of the pistil, and is: 
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therefore not unfrequently wanting, as in the poppy (Fig. 

294). When present it is usually placed at the summit of 

the ovary, ¢ermina/, but occa- 

sionally springs from its base, 
and is then Zatera/ or basilar, as 

re 

Fic. 290. — Ba- 
silar style of 
Alchemilla 
(magnified), 

Fic. 289.— Capsule of . Fic. 291.—Pistil 
Colchicum; a at the . 
moment of dehiscence; 
& transverse section. 

in the strawberry and Bromus (Figs. 290, 292). 
The purpose of the s¢zgma is to serve for the detention 

of Parietaria, 
with penicillate 

\ HIM 

MW SH 

Fic. 292.—Pistil of Bromus ; a ovary, 
6 plumose stigma (magnified). 
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_ stigma (magnified). Fic. 293.—Petaloid stigmas of /7zs. 

of the pollen-grains ; and it is therefore universally present, 

i] 
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arms (Fig. 291) ; plumose or feathery (Fig. 292) ; petaloid as in 
Iris (Fig. 293); peltate or. shield-like as in the poppy (Fig. 

covered with papillee (Fig. 295), &c. 

The interior of the ovary is occupied by 
one or more cavities or /ocud. Thus the ovary 
of Leguminosz and Primulaceze is wzlocular 
(Figs. 296, 298); that of Scrophulariacez 

that of the apple guznguelocular, &c. 
Within the loculi of the ovary are the ovzles, 

stigma of poppy, : : ‘ ; 
with hypogynous the bodies which ultimately develope into the 
stamen. : 

seeds. ‘They are fixed to certain parts of the 
wall of the ovary termed tine placente ; and are either sessze 

(Fig. 298), or are attached to the end of a stalk or funzculus 

Fic. 296.--Unilocular ovary of Penxtaraphia 
(Gesneracez), with parietal placentz (mag- 
nified). 

Fic. 297.—Bilocular Fic. ‘298. — Unilocu- 
ovary of Axtirrht- lar ovary of ffot- 
mum, with axile tonta, with free 

Fic. 295.—Papillose stigma of placente. central placenta. 
Statice (magnified). 

294); filiform as in Luzula; papillose or 

and most Cruciferee dclocular (Fig. 297) ; 
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(Fig. ae In a few cases the whole of the interior wall of 

the ovary or of the loculi serves as a placenta, as in the 

poppy ; or a single placenta stands in the centre of the un1- 

locular ovary like a column, as in Primulacez [when the 

placentation is free central]; more often certain portions of 

the inner walls of the loculi, corresponding in number to the 
carpels and often projecting, bear the ovules, and are then 

called parietal placentee [as in Viola or Rzbes| ; |or the ovules - 

are attached to the common axis of all the loculi of a multi- 

| locular ovary, as in the apple or /77zs, 
when the placentation is axzle.| As re- 

spects the mode of attachment of the 
ovules to the loculus, they may be either 
erect, |lateral|, or pendulous. 

Fic. 299.—Ovary of the Fic. 300.—I. Orthotropous ; II. anatropous ; III. cam- 
ash ; the single seed at- pylotropous ovule; @ nucleus with the embryo-sac 
tached toa long funicu- coloured dark ; 4 primine ; c secundine ; de chalaza; 
lus, and still enclosed in J micropyle (represented diagrammatically). 
the ovary ; A, adetached piece of the wall of the ovary. 

If a section is made through the longer axis of an ovule, 
and the surfaces examined under a magnifying-glass, it is 
seen that the ovule consists of a [cellular] muceus (Fig. 
300 a) enclosed in a single or more usually in a double coat 
or zutegument (b,c), [the outer coat being designated the 
primine, the inner coat the secundine|. At the apex of the 
ovule is a small orifice through the integuments, called the 
micropyle or foramen ; [and in the interior of the nucleus 

is a large cell called the embryo-sac|. With regard to their 
form, ovules may be classified into three kinds—the ortho- 

| L 
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straight, and the micropyle.is exactly opposite the base of Bie. 
the ovule (Fig. 300, 1) ; campylotropous, in which the nucleus 
is curved so as to bring the micropyle near the base (Fig. 3 

300, 111) ; and azatropous, where the ovule is itself inverted so 
as also to bring the micropyle near the base, but the nucleus - 
remains straight (Fig. 300, 11). [The last is by far the most ~ 
common form of the ovule ; illustrations of ‘the first are  — 

afforded by Polygonaceze ; of the second by Caryophyllacez. _ 
The point where the nucleus and integuments coalesce is 
called the cha/aza; in the anatropous ovule this is at the 

opposite end to the Az/um (the part of the ovule which is at- 
tached to the placenta), and is connected with it by a fibro- 
vascular bundle, g, called the raphe}. 

tropous (or atropous), in which the ovule and. nucl 

THE FRUIT. 

The fruit is the result of the development of the ovary ; 
_ but is usually formed only after the fertilisation of the ovules, 
and, when mature, encloses the seeds which have developed 
from the ovules. Hence the product of an inflorescence, 
such as a bunch of grapes, is not properly a fruit, but rather 

a group of fruits, each separate berry or grape being a 
distinct fruit. Collections of fruits of this kind, resulting 

| | from the maturity of inflorescences, are 
termed syzcarps or multiple fruits, and may be 
classified under racemes, spikes, umbels, &c. 

It is also not uncommon for other parts of © 

the flower besides the ovary to unite with it 
in the formation of the so-called ‘fruit’ ; and 
such similitudes of true fruits are called 

eae ae ae pseudocarps. ‘The rose-hip, for example, is 
pety. a pseudocarp, because it results partly from 
the development of the calyx-tube, each little ‘ stone’ which 
is enclosed in it being a- mature ovary. The strawberry | 
(Fig. 301) is also of this character, the succulent sapid mass 

being a portion of the receptacle which has become fleshy, _ 
while the small so-called ‘seeds’ which are imbedded in its 



| The External Form of Plants.- 147 

surface:are the actual fruits. The apple again is a pseudo- 
carp [here termed a Zome], the flesh being mainly developed 

out of the calyx-tube, which even when in flower is adherent 
to the ovary. In the spinach the perianth, in the oat the 
glumes, take part in the formation of the pseudo- 
carp. Pseudocarps are sometimes formed 

not of simple, but of multiple fruits. Thus the 
mulberry (Fig. 302) is a psewdo-syncarp, result- 
ing from the coalescence of the bracts with the i Op 

perianth ; and the same is the case also with y 

the pineapple, the fig (Fig. 215, p. 118), the = 
_breadfruit, &c. | Fic. 302.—Mul- 

: tiple pseudo 
carp of the 
mulberry. 

OF aa - ml i BP 

Additional examples of the participation of the calyx 

or of the perianth in the production of the fruit have 

already been adduced (pp. 126, 134). Mention has yet to be made 

of the husk in which the hazelnut is seated, this being the greatly 

8 enlarged perianth ; while on the other hand 

| the cup or caupule of the oak, beech, and 

sweet chestnut arises from a cup-shaped organ 

Fic. 303.—I. Acorn of Quercus sesstliflora with two Fic. 304.—a Scale of 
empty cupules; II. longitudinal section through the larch-cone seen 
the fertilised pistillate flower, with the cupule in an from above ; 4 one of 
early state. _ . its two winged naked 

_ seeds, z.e. not enclosed 
in an ovary. 

which is formed only after fertilisation between the ovary and the 

perianth, and produces leaves on its outer margin (Fig. 303). 

Special reference must be made to the Coniferze, in which 
there is no ovary, but only naked ovules (Fig. 304), and 
which therefore cannot form a true fruit. The cone of 

Coniferze is an assemblage of seeds. 
L2 
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the wall of the cavity which encloses the seeds, or Bat 
_ pericarp, which may consist of several layers of a mem- _ 
branous, fleshy, or stony consistence (Fig. 305). The. 

nature of the outermost layer or efzcarp determines whether 

the fruit has a smooth 

cherry, rough like the 
peach, or spiny like the 
thorn-apple (Fig. 3 10, p. 

or succulent, and is then 
called the flesh or savr- 

or cherry]. ‘The imner- 
most layer or endocarp 

forms the stone or puta- 

men of stone-fruit; it 
encloses the cavities of 
the fruit which corre- 

Fic. 305.—Longitudinal section of cocoa-nut ; @ : 
epicarp; 6 endocarp; c testa; da endosperm or the Ovary, and are still 
albumen ; e embryo ; f cavity in the endosperm f 
which contains the milk. termed = Zociula. ‘The 

~ number of these loculi 

generally corresponds to the number in the ovary, although 

one or more not unfrequently disappear in the course of de- 

velopment. Such a disappearance or abortion is the rule in 

the lime, in which the ovary is originally quinquelocular, 
in /sa¢7s where it is bilocular, [and the oak where it is trilocu- 
lar], while in all these cases the fruit is ultimately unilocular. 

Fruits may be divided into two primary classes, dehzscent 

and. zndehiscent ; to the former belong the capsule and 
schizocarp ; to the latter the drupe, berry, and achene. 

appearance. « like — themes 

cocarp [as in the peach 

is often very hard, and i 

spond to the loculi of 

150). Themiddlelayeror — 
mesocarp 1s often fleshy ~ 

The capsule bursts or dehisces when ripe, and allows the . 
seeds to fall out. If this splitting takes place only at the 



= . rT eed a : - ain 

in . ‘y : 2 i Ci ae ; re 
‘ak 3 Y J S 

Ap ~~ 

The External Form of Plants. 149 

apex (Fig. 306), it is said to dehisce by decth, as in most 

Caryophyllacez ; the capsule of Lychnzs diurna, for example, 

dehisces by ten, that of Githago segetum by five teeth. If 

the dehiscence takes place right to the base of 7 

the capsule it is said to be valvular or sutural, 

the number of valves depending on that of the 

placente or carpels. It is Joculicidal (Fig. 307) 

when the walls of the loculi split open so that 

the septa remain attached to the valves, as in 

Tris or the lilac; septicidal (Fig. 308), when, as 

in! Colchicum, the septa themselves split down Pee ee 

* the middle and fall off with the valves ; septi-  7#/* | dehise- 
ing , by - ten 

fragal (Figs. 309, 310), when the valves separate teeth. 

from the septa and fall off alone, as in Datura. More rarely 

the upper part of the capsule becomes detached in the form 

> ee 

>. 307-—Diagram ofa locu- Fic. 308.-—Diagram of a sep- Fic. 309.—Diagram of a sep- 
licidal capsule. ticidal capsule. tifragal capsule. 

of a cap or lid, when the dehiscence is said to be transverse 
or circumscissile, [and the capsule is termed a pyxzs|, as in 
flyoscyamus and Anagallis (Figs. 311, 312). Some capsules 

again dehisce by ores (Fig. 313), as the poppy, Campanula, 

- placentation. 

/ 

&c. Capsules may be unilocular or multilocular, superior 
or inferior, and may have free central, axile, or parietal 

Follide (Figs. 314, 315) 1s the term given to a unilocular 

capsule which dehisces only by the ventral suture. The 
capsule of* Leguminosz [which is always unilocular and 
mcnocarpellary, and dehisces by both ventral and dorsal 

\ 
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Fic. 312.—Capsule or 
pyxis of Plantago, 

Fic. 311.—Capsule or 
pyxis of Azagaliss, 

dehiscence. dehiscence. 

Fic. 310.—Septifragal capsule of Fic. 313.—Cap- Fic. 314.—Fruit of /llzczum 
Datura. sule of poppy or Sstar-anise, consisting 

dehiscing by of a number of follicles. 
pores beneath 

the peltate stigma. 

Fic. 315.—Fruit of peony, consisting of two follicles.” 

with circumscissile with circumscissile 
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toa false septum or replum), a siligua {when much longer 
than broad ; when only about as long as broad, a sz/ecula 

(Fig. 317)}. | 
The schzzocarp splits up, when ripe, into distinct pieces, 

called mericarps. ‘These last con- 

tain usually each a single seed, 
and as a rule remain closed, sel- 

dom opening to allow the seeds 
to escape in the manner of a 

( 
Fic. 316.— Legume of pea split Fic. 3197) — Silicula of Fic. 318. — Cre- 
lengthwise ; E outer, E N inner Cochlearia open and mocarp of the 
layer of the pericarp; L pla- showing the seeds at- fennel ; a carpo- 
centa; F funiculus; o seed. tached to the replum. phore. 

capsule. The splitting may be either longitudinal or trans- 

Fic. 319.—Bipartite schizocarp of the maple, consisting of two samarz. 

two pieces, aS occurs in Umbelliferee [where it is termed a 
cremocarp|, the mericarps separating at their lower part, and 
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remaining attached at their apex to the filiform carpophore 
(Fig. 318), or in the maple (Fig. 319); or it may divide 

Fic. 320.— Tri- Fic. 321. — Quad- Fic. 322.— Quinquepartite schizocarp of 
partite schizo- rirartite — schizo- Geranium robertianum ; 1. the imma- 
carp of Tvopeo- carp of Ajuga, ture pistil ; II. the mature fruit. 
lune. consisting of four 

| nucules, 

cailed zucules, and the entire schizocarp a carcerulus|; or 
into five as in Geranium (Fig. 322); or a larger number as in 

the schizocarp at right angles to the axis of 
yp the flower occurs in some Leguminose and 

Cruciferee of the suborder Lomentacez, where 

the fruit is called a /omentum (Fig. 324). 

Fic. 323. — Multi- Passing to indehiscent fruits :—in the drupe 
ae ect or stone-fruit the various layers of which 

the pericarp consists develope in a different 

manner, the mesocarp (sarcocarp) becoming softer and more 
succulent, the endocarp (putamen) harder, dry and woody, 
and forming the stone which encloses the kernel. The con- 

sistency of the mesocarp, however, differs greatly; in the 
peach, plum, and cherry (Fig. 325 ©) it is very soft and ‘a 
succulent ; in the cocoa-nut (Fig. 305, p. 148) it is fibrous; 
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into three as in Zuphorbia-and Tropaeolum (Fig. 320) 3 Oly a 

into four as in Labiate (Fig. 321), [where they are often 

Malva (Fig. 323). A transverse splitting of | 
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in the almond and walnut, dry and almost leathery. The 

drupe usually contains a single stone, rarely more as in the 

medlar, when the separate sections of which it 1s composed 

are called pyrenes ; it is usually unilocular, as in the peach, 

Fic. 324.—Lo- Fic. 325.—I. Longitudinal section through the unilocular drupe 
mentum of of the peach ; II. through the bilocular drupe of Cornus. 
fledysarunt. 

almond, and walnut, sometimes bilocular, as in the cornel 
(Fig. 325 11.) and coffee-berry. | 

In the Jerzy all the layers of the pericarp are fleshy and 
succulent, as in the grape, currant, and gooseberry (Fig. 
326) ; or the outer layers are harder, as in - 

the citron and gourd, [the latter some- 
times called a peso]. The apple is a berry- 
like pseudocarp. 

In the achene all the layers of the peri- 
carp are dry and nearly similar. It almost ,.. sas, Se 
invariably contains only a single seed, section through a goose- 

: . berry; the firmer outer 
and is usually also from the first uni- layer of the pericarp en- 

: -_ closes the succulent flesh; 
locular and with only one ovule, as 1M the seeds lie imbedded 

z : in the latter, and are at-: 
Stasses and Composite (Fig. B27); less Biched by long funiculi 

mequently i bceqmes umilocular’ in’ the ‘ive oppesHs Be, 

course of development, by the abortion | 
of some of the ovules and the disappearance of some of 

the loculi, as in the oak and alder. The pseudocarp of the 
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rose contains several achenes. The fruit of the elm, ash, ao < 4 
_. maple, &c. (Fig. 319, p.151), known asa samara,isanachene 

[or schizocarp] with membra- 
nous appendages or wings | which 

jf — wind through the air].! 

NEY 
(( 5 THE SEED. 

{i IE The seed or mature ovule is 
\ the organ by means of which the 

Se higher plants are chiefly propa- 
Se ane gated. It 1s connected with the 

iG, 9327.—;-Achene or cypsela of © : 
Centaurea Cyanus, entire and cut placenta or part of the internal 
through lengthwise (magnified). : i 

wall of the ovary to which it 
1s attached, by a more or less strongly developed stalk or 
funtculus (Fig. 326); when this is so short as to appear to 

be altogether absent, the seed is said to be sesszle. 
The arz//us is an appendage springing from the point of 

attachment of the seed to the placenta or Ac/um, from 

Fic. 328.—I., II., I1I., Development of the arillus of the yew; IV. longitudinal 
section through the ripe fruit. 

whence it rises up and envelopes it. In the ripe seed of the 
willow it is split up into long silky hairs ; in the nutmeg it 

1 [The zzz (e.g. hazel-nut) and glans (e.g. acorn) are one-seeded 
achenes resulting by abortion from a trilocular ovary, in which the epi- 
carp is more or less lignified. The caryopsts, characteristic of grasses, 
is an achene in which the membranous pericarp adheres closely to the — 
seed ; the inferior achene of Composite is sometimes called a cypsela, 
The hesperidium, as in the orange, isa multilocular berry in which there 
isa remarkable development of succulent cells from the endocarp.—ED. ] 

I// enable it to be carried by the 
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forms the substance known in commerce as mace: in 

the yew (Fig. 328), it forms a drupaceous pseudo-berry.' 

Appendages of other kinds to the seed occur in the form 

—— == WAY & 

Fic. 329.—Winged seed of Bignonia Catalpa. 

of wings, as in Bignoniaceze (Fig. 329), and Coniferee (Fig. 

304, p. 147), [in the latter case the wing does not belong 

to the testa, but to the woody 

scale to which the seed is at- 

tached], or hairs, as in Pole- 

moniaceze, &c. (Fig. 330). 

The seed consists of an 

integument anda nucleus, the 

first being formed from the 

integuments, the last from the 

nucleus of the ovule. 

The zntecument consists Fic 330.—Ripe seed of Epz/obium, with 
5 f coronet of hairs (magnified). 

of an outer and an inner layer, 

‘the former being sometimes called the esta, and the latter 

the fegmen. In the walnut the outer layer is yellow and 

Fic. 331.— FIG. 332.—Re- Fic. 333.— Spiny seed of Stel/arza, entire and 
Smocth seed ticulated seed cut through, both lengthwise and trans- 
of Aguilegia of __— poppy versely, showing the campylotropous form, 
(magnified). (magnified). the curved embryo: surrcunding a copious 

endosperm (maguified). 

_ 1 [The tern aril is, strictly speaking, confined to a structure of this 
kind which springs from the hilum, as in Passiflora, Taxus, Vymiphea, 
&c. A similar structure, originating at or near the micropyle, as in 
Euonymus, Euphorbia, Polygala, &c., is a false aril or arillode ; if from 
the testa, independent of the micropyle or funicle, as in Cheledonzune, 
Viola, &c., a strophiole or caruncle.—ED. | 
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Oro the inner layer thin and white. The testa . Re. 

heyy. crustaceous, or even stony [as in the Brazil- nut |; 
and is either smooth (Fig. 331), or with pit-like depressions ae 
(Fig. 332), or covered with spines (Fig. 333),and may be 

white or coloured. gee 
The nucleus of the seed consists essentially of an embryo, 

in addition to which is found in the majority of seeds an — 

albumen or endosperm (Fig. 333). Seeds are therefore dis- 
tinguished into albuminous and exalbuminous. The embryo 

in its simplest 

Fic. 334. — Globular 
embryo of Pyrola, 
with reticulated 
testa (magnified). 

form (Fig. 334), as in orchids, Ovobanche, 
Monotropa, and Cuscuta, isa spherical body ; 
but as a rule consists of an axis (Figs. 97-99, 
pp. 70, 71) and one or more leaves. The axis 

is differentiated at its apex into a plumule, 
distinct from the lower end or radicle. The — 
leaves of the embryo are in most plants 
very characteristic, and different in form 

from the foliage-leaves which are subse- 
quently developed, and bear the name of 
seed-leaves or cotyledons. They are some- 

times thin and leaf-like, sometimes thick. 

and fleshy. The green colour which many — 
cotyledons assume as soon as they mise 
above the ground after germination is only 

developed under the influence of light; it is not found 
while they are still enclosed in the testa. The thicker and 
more fleshy cotyledons which often occupy the greater part 

of the seed, as in Leguminosee, have scarcely anything in 
common with the later foliage-leaves of the plant, and - 

generally remain underground after germination. Dependent 

on the number of cotyledons, plants are divided primarily 
into Dzcotyledones with two, Monocotyledones with only 

one, and Acotyledones |flowerless plants], without any. A 
larger number of cotyledons than two is rare,andis peculiar 

to certain Conifere (Fig. 335). In a féw cases, asia 
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pea and bean (Fig. 98, p. 70), the embryo contains a few 
other leaves besides the cotyledons. 

_ The relative position of the different parts of the embryo 
requires special notice. ‘The most common arrangement is 
that found in Crucifere, 

where the embryo is 

pleurorhizal, the  cotyle- 
dons lying flat one upon 

another, and the radicle 

upon the line which sepa- 
mites them, (big. 336). 
In the xotorhizal embryo 

(Fig. 337), the radicle lies 
upon the back of one of the 

cotyledons, which again lie 
flat one upon another. The fic. 335.—m- Fic. 336.— Pleurorhizal 

: ; . : bryo of Scotch embryo of Luzaria; I. 
embry O18 07 thop lozic (FE 1g. fir,with sixcoty- transverse; II. longitu- 

338) when the radicle lies eds. «. tc Re the 

in the hollow channel of ate 

the folded cotyledons. In the sféral embryo (Fig. 239); 
IIL. 

FIG. 337.—Seed of Neslea paniculata ; 1. entire; I1., IIT., sections in two different 
directions showing the notorhizal embryo (magnified). 

secs Wn Tm Neg : wee ee 

Fic. 338.—Seed of Evruca sativa poles entire tlh, Fic. 339.—Spiral embryo of 
III., sections in two different directions showing Bunias Erucago (magnified). 
the orthoplozic embryo (magnified). 

sal the cotyledons are laid flat upon one another and coiled 

spirally. Occasionally the embryo is doubly spiral. : 
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The position of the embryo i in the endosperm also varies” 
‘in different plants. It sometimes lies in the middle of haly 

endosperm, when the latter is said to be peripherte (Fig. 
340), as in /7zs; sometimes outside it, when it is said to be 

Fic. 340. — Peripheric Fic. 341.— Lateral em- FIG. 342.—Peripheric em- 
endosperm —surround- bryo of Menispermum bryo surrounding the ceniral 

_ ing the central embryo canadense (magnified). endosperm in Muzrabelis — 
‘ inthe pansy (magnified). Falapa (magnified). Z 

- opposite the lateral endosperm (Fig. 341); or pertpheric 
and the endosperm central (Fig. 342). The texture of the 

--endosperm also varies greatly ; in the cereal grasses it is 

-farinaceous or starchy, in the coffee-berry cartilaginous ; in 
the vegetable ivory, Phytelephas, hard and white like ivory. 

CHAPTER ¥: 

THE LIFE OF THE PLANT. 

‘In its external phenomena, the life of a plant is in general 
-much more simple than that of an animal, because plants 
are [as a rule] destitute of the power of spontaneous move- 

ment, so that they ere compelled to adapt themselves to the 

conditions of their environment, or must otherwise perish. 

The theory is founded on a number of delicate experiments which — 
cannot. here be described, that all organised parts of plants consist of | 

minute, solid, and comparatively unalterable particles called mzolecales, 

which cannot, however, be distinguished by the most powerful lenses. 

This hypothesis does not assume that the molecules must always be 
spherical ; they are often, on the contrary, supposed to have a crystal- 
line structure. The adjacent molecules are not united by any solid 
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connection, but are isolated one from another, and the reason of 

the solid condition of a body is that its molecules have a mutual attrac- 

tion for one another; and the stronger this attraction, the more firm 

and solid is the body which they compose. Every molecule is in its 

natural state surrounded by a layer of water, so that they are com- 

pletely separated from one another on ail sides. Within certain limits 
a portion of their watery contents can be removed from organised 
structures ; or they can take up fresh quantities without being thereby 

destroyed or killed. Loss of water or desiccation causes a contraction, 
the absorption of water an increase or swelling of the body. The 

molecules of one and the same organised body separated by envelopes of 

water always differ chemically, so that molecules of a different chemical 

nature are found in the midst of and beside one another at every 

point that can be perceived by the microscope. 

THE MOVEMENT OF WATER IN PLANTS. 

It follows as a necessary consequence from the structure 

of organised bodies, that life is impossible in the most 
- minute particles of the plant without access of water. The 
plant also requires water for the formation of organic sub- 
stances out of the inorganic food-materials which it takes 
up ; and furthermore, for the solution of solid substances 
stored up in it, the zeserve-materials, which must be dis- 
solved and transported to other places, where they are con- 

sumed. In addition to this, delicate leaves, like those of 

most plants, lose in a short time a considerable portion of 
the water of their cell-sap by evaporation. In order to meet 
all these requirements, it 1s necessary that continuous cur- 
rents of tater should pass through the plant, and should 
be directed towards those parts where the plant requires it. 
Those currents.which subserve the processes of nutrition 
and growth must therefore move sometimes in an ascending, 
sometimes in a descending, and sometimes in a lateral direc- 
tion, while that which serves to replace the loss by evapora- 

tion is continually ascending from the roots. The water, 
therefore, which is sucked up by the root-hairs flows 



aides the roots aes a system of Teale comtinaat into : 
larger streams, and in the main stem, 1n ne case of Dicoty- ~ 

ledons and Conifers, into a single current, in the case of 
Monocotyledons and Ferns into several : : and these then 
again ramify like the stem, and distribute themselves to the 
most delicate parts of the leaves, where, ina manner compar- 
able to the perspiration of animals, the water again disappears 
in the form of vapour, by transpiration. It has been ascer- 

FiG. 345.—Apparatus for measuring the root- 
pressure. A manometer, a, 0, c, is fixed 
into the upper part of the plant Pp growing 
in a pot, the top having been cut off. The 
difference in the height of the mercury in 
the two arms 6 and c indicates the intensity 
of the pressure by which the water sucked 
up by the roots is forced out at the cut 
section. 

tained that in actively grow- 
ing plants the quantity of 
water thus absorbed often 
amounts in a few days to 
many times the weight and 
volume of the whole plant. 

The woody parts of. the 

vascular bundles serve as 
conduits for this powerful 

stream, as may easily be 
proved in plants from 

which the bark has been 
peeled off, and whose pith 
has decayed, by causing the 

roots to suck up a coloured 

infusion. The chief causes 
of these great movements of 

water are: capillarity , and 

diffusion [osmose|; but an 
action of suction may also 
be distinguished from one 

of propulsion. In _ every 

part of a plant where growth 

or evaporation is taking 
place, the part which re- 
quires water will obtain it . 

from the surrounding parts, and as this swctvon gradually ex- 

tends to larger and larger circles, the most distant parts, z.e. 
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in general the roots, are at length compelled to absorb water. 

Acting in conjunction with this force is the voot-pressure. 
The roots absorb a greater quantity of water than the plant 
requires ; and this, therefore, exercises a pressure which 
drives the water that has been already absorbed higher and 

higher up the stem; and often, as in grasses, Aroidee, &c., 
even causes it to exude in drops at the margins and tips of 
the leaves. Experiments on the intensity of the root-pres- 
sure, performed by cutting off the upper part of the stem, 

and attaching a manometer to the section, show that it is 
sufficiently powerful to balance a column of water more 
than ten metres in height (Fig. 343). 

The organs of transpiration are the leaves, which allow of the escape 

through their stomata of the aqueous vapour that has accumulated in 

the intercellular spaces. The amount of transpiration depends on the 

moisture of the air, on the intensity of light, on the temperature, on - 

concussions to which the plant is subject, and on the age and size 
of the leaves. It has not yet been ascertained how all these forces 

act ; observation has nevertheless shown that the stomata are closed” 

at night and open in the daytime under favourable circumstances, 27.c. 

when the atmosphere is not too moist, and under the influence of light 
and warmth. 

If the loss of water by transpiration from the leaves is greater than 

the quantity supplied by the roots, the conducting parts become 

first of all deficient in it; and when at length the evaporation from the 

more delicate organs can no longer be compensated, they lose their 

stiffness and hang down from their own weight, or in other words 
- wither. This condition is caused at an earlier period in succulent 

herbaceous plants than in trees which possess large reservoirs of water 

in their stems. 

ASSIMILATION AND METASTASIS. 

The life of the plant is associated with a continual con- 
sumption of plastic substances, which are of service to it 
as formative materials for the growth of cells already in 
existence, and for the production of new ones. A number ~ 

of the sources of force in the plant are being continually lost 

through these processes, because many of these formative 
M 



_ called the nutrient substances of the plant. 
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eaboemces then. cease fp exercise theit chemical influence on ; 
one another. If the plant is not to perish from the deficiency cae 

thus occasioned of formative materials and of sources of force, 2 

or, as it were, to be starved, it must be supplied with nutrient —, — 

substances, z.e. with chemical compounds which contain the 

substances that it requires. Only in comparatively few cases ~ 

is a chemical compound absorbed into the plant which will 
be useful to it without change ; as arule, itis only the separate ~ 
elements which are indispensable, and are on that account ~~ 
taken up out of their compounds. Those elements which | 

are indispensable for the entire processes of vegetation are é 

. If we pass in review the elements which play this part 
in the vegetable kingdom, we find that the list comprises - 
carbon, oxysen, nitrogen, hydrogen, and sulphur, because these 

enter into the composition of protoplasm, and are conse- a 

quently necessary for the formation of every vegetable cell. 
To them must also be added cron, calcium, potassium, magne- 

sium, and phosphorus, because no instance is at present 

known of a plant retaining its normal state of health if de- — 
prived of any one of these elements. Sod¢um and chlorine 
must also probably be included. In addition to these uni- 
versally distributed nutrient materials, the growth of some 
plants is also dependent on the presence of other special 
elements ; although we have no exact knowledge of the 
part which they play, and are unable to state positively that a 
they are indispensable. ‘Thus Viola calaminaria and some ~ 

other plants always contain zinc, and will only grow on~- 
soil which contains that element. 

The organ by means of which the nutrient substances 
are taken up is, in the lower plants, the entire surface ; in 
the higher plants this function is specially assigned to 
the root, which is constructed for this purpose. In 
the case of roots which penetrate into the soil, only the 
youngest parts, with their delicate root-hairs and papilla, 
can perform this function ; but in the aerial roots of some. 
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plants, which are provided with a great number of hairs or 
with a root-sheath, the whole surface of the root appears to 
possess the power of absorbing nutrient substances in the 
form of vapour. 

In addition to the roots, ithe higher plants possess also 
in the leaves organs which are adapted for the absorption of 
nutrient substances in a gaseous condition. But experimental 
observation has shown that the leaves, even under favourable 

circumstances, do not absorb fluid nutriment, either in the 
form of drops or of vapour, so as to carry it to the other 

parts of the plant.! 
: Since the nutrient substances must pass through. the 
closed walls of the cells in order to reach their interior, it 

follows that they must be present in a dissolved fluid or 
gaseous form. They are then received into the cells 
adapted for this purpose by means of osmose; since there 
are in general two fluids, the cell-sap and the water ab- 

sorbed from the soil, capable of mixing with one another, and 
separated only by the permeable cell-wall. ‘The absorption 
of nutriment is, therefore, only a eens of two fluids of 
different densities. 

The terms osmose, diosmose, and dzffuston have been given to the 

mingling of fluids through a permeable partition-wall, z.e. one which 

has no visible perforations. If, for example, a vessel closed below by 

an animal membrane (Fig. 344 4) is filled with a concentrated solution 

of cupric sulphate (blue vitriol), and is then immersed in a vessel filled 

with water (z), the water will pass gradually through the bladder into 

the vessel 4, and the fluid will rise in a tube 7 attached to it, while the 

level at z falls. If, on the contrary, the cupric sulphate were placed 

outside, and the water within the vessel 4, the fluid would fall in the 

tube 7, while the level 72 would rise. In both cases a small quantity of 

the cupric sulphate also passes through the bladder into the water, as 

| [An exception to this law seems to exist in the case of the ‘ car- 
nivorous plants’ on whose habits Mr. Darwin has thrown so much 
light, such as Drosera, Pinguicula, ana Nepenthes, which appear to 
have the power of absorbing nitrogenous substances through their 
leaves, and digesting them within their tissues.—ED. ] 
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-may be seen by its colouration, but a very much larger quantity of water 
The process will continue until the two fade 

on each side of the bladder have become ho- 
mogeneous. ‘The cause of the increase of the — 
fluid on one side, and the decrease on the other 

passes the other way. 

FIG. 344. —Apparatus | fer 
measuring osmose; 6 
a vessel filled with cupric 
sulphate closed below 
by a permeable mem- 
brane, and placed in a 
vessel of water. As the 
water passes through the 
bladder to mingle with 
the cupric sulphate the 
level of the fiuid will 
rise in the tube ~ in con- 
nection with the vessel 
6, but will fall at z in 
the outer vessel. 

side of the bladder, is that the water passes 

more easily through it than the solution of 
cupric sulphate. But in other cases a very ~ 

considerable interchange of the two fluids may 

take place without its being perceptible ; zzz. 

when they are of the same colour and pass — 

' through the partition-wall in equal quantities. | 
When two fluids are capable of diffusion— 

which is notalways the case—a greater quantity 

of the less concentrated or lighter fluid usually 
passes through than of the more concentrated 

or denser. Cell-walls act in the plant exactly 

like an animal bladder in the instance adduced. 

In the process just described, the current | 
which passes into an enclosed space such as a 

cell is termed an ezdosmotic, that which passes 

in an opposite direction an exosmotzc current. 

Since the cell-sap is muck richer in 
substances which cause osmose [or is 
of a greater specific gravity] than the 
moisture of the soil which contains in 
solution only a small quantity of salts, 
gases, &c., a considerable endosmotic 

current is set up of the absorbed 
moisture into the cell, while only a 
very small quantity of the cell-sap passes » 
out into the ground. This last pro- 

cess has, however, nothing in common with the elimination 

of products of excretion which takes place in animals ; its 
purpose is rather to render soluble the insoluble constituents — 
of the soil, and thus to enable the plant to absorb them in 

‘the water which it takes up. The membranes of the apices 
of root-hairs of plants which are still in active growth are so aM 
delicate that, in obedience to the force of gravitation, they : . 
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come into intimate contact with all the unevennesses of the 

adjacent solid particles, and afterwards, by the hardening of 
the membrane, actually unite with them : 
(Fig. 345). And since experiment has 
shown that the cell-sap is almost always 
acid, its passage into the ground causes 
the particles of soil with which the 
root-hairs have united to be gradually 

that they can then be taken up into the 
plant. | 

- The mode of nutrition of parasites is 

different from this. The roots of the 
more highly organised parasites, such 
as the mistletoe and the broom-rape, ae. ee 

Orobanche, penetrate ito another plant . a eae ee 
which is termed their Zost (Fig. 346), have taken up minute 

and take up from it nutrient substances Ce fF aul ae 
which have already been to a certain 2 (% 80) 
extent assimilated. The lower parasites, such as certain 

Fungi, on the other hand, pierce by their cells the mem- 
branes of other cells, in order to live in and on them 

(Fig. 347). The mode of absorption of food-material and 
of the nutrition of saprophytes [or plants which live on 

decaying organic substances], such as Monotropa Hypo- | 

pitys and certain Orchideee, is still in doubt. ‘The charac- 
teristic of these plants is that their absorptive organs take 
up certain products of the decomposition of organic sub- 

stances, termed humus, and bring them again into requisition 
for nutrition, after undergoing some change. 

Plants do not absorb the nutrient substances which are 

adapted to them unless presented to them in a suitable form ; > 

they do not for example, imbibe the free nitrogen of the 

atmosphere. Experiments, into the details of which we cannot 

enter, have given on this point the following results :— 
The source of the carbon in those plants which contain 
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Fic. 346.—I. Ovobanche ramosa (about one-third natural size); II. the same plant 
A parasitic upon the roots of a plant of hemp B (greatly reduced). 
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FIG. 347.—I. Diagram in perspective of the mode in which a Fungus-hypha pene- igh ; 
trates through several cells ; II. point at which a Fungus-hypha g has pierced 
through a cell-wall 7; III. a@ parenchymatous cell from a rotten turnip; 4 part — 
of an adjacent cell ; both cells are penetrated by Fungus-hyphe, mz ; a Fungus- 
hypha is in the act of piercing into cell 4. (x 200. , age 
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chlorophyll, and which are not parasitic, is mainly, if not 
exclusively, the, absorption of carbon dioxide (carbonic 
acid gas) by those parts which contain chlorophyll, and its 
decomposition under the influence of light, the carbon 
being retained and the oxygen again given off. It is in- 
disputable that in certain cases the humus can also con- 

tribute a supply of carbon for the nutrition of the plant ; 
‘but the fact that in a soil which has not been affected by 
cultivation, as in a primeval forest, the stratum of humus 

does not diminish, but rather constantly increases, notwith- 
standing its continual decay and its consumption by plants 
and animals, shows that a much greater quantity of carbon 
must be derived from the atmosphere than from the soil. » 

Hydrogen, which, like carbon, is present in every organic | 

compound, enters into non-nitrogenous combinations only 
through the decomposition of water ; in those which con- 

tain nitrogen possibly also by the absorption of ammonia. 

Oxygen is taken up into plants along with the elements 

already mentioned, the substances in which they occur 
being of such a nature that a large portion of their oxygen 
must be given off before they can be of any further use to 
the plant. The decomposition of the carbon dioxide of 
the atmosphere is a remarkable illustration ofthis. But, not- 

withstanding this excess of oxygen in the plant, the oxygen 

of the atmosphere is also absorbed; not, however, in order 

to form a part of any permanent compound, but, on the con- 

trary, in order to decompose the substances contained in the 
plant, to deprive them of at least a part of their carbon, and 

to be again evolved as carbon dioxide. This process, the | 
true respiration of plants, is very important; since it is 
always taking place in all living cells without exception ; 

and the action of the inhaled oxygen is a necessary con- 
dition of the life of the protoplasm, and therefore of the 
plant. In relation to this, the experimental fact is of the | 
greatest importance, that plants placed in pure carbon: di- 

oxide are suffocated, just as animals are. In some flowers 
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and inflorescences, the production of carbon dioxide by the 
inhalation of oxygen is very energetic; andysince the radia- 

tion of the heat produced by the oxidation is in these cases 
insignificant, from the surface being comparatively small 
or the parts protected by enveloping sheaths, very con- 

siderable elevations of temperature can be observed. At 
the time of the fertilisation of the spadices of Aroidese, an 
elevation of temperature amounting to as much as 10° C. 
has been detected ; and in the flowers of Cucurbitaceze and 

of Victoria regia similar elevations have been observed, 
though to a smaller extent. Respiration is a process dia- 
metrically opposite to the process of assimilation which takes “ 
place in the cells that contain chlorophyll, and which con- 

sists in the absorption and subsequent decomposition of 
carbon dioxide, although this latter has also been described 
under the same name, a use of terms as incorrect as if we 

were to speak of an animal inhaling its food. | 
The free zztrogen of the atmosphere enters the plant 

through the stomata, and also by the process of osmese, but 
_does not serve for nutrition ; for the purpose of nutrition this 
element must be presented to the plant in the form of nitric 

aeid or of an ammoniacal salt. Whether non-parasitic 
plants absorb nitrogen-also in the form of certain organic 
compounds is still undetermined. 

The only conceivable source of sz/shur is the sulphuric 
aeid of the sulphates present in the soil. It probably enters | 
the plant only in the form of calcium sulphate, which is de- 
composed by the oxalic acid formed in the plant itself; this 

being the source, on the one hand, of the calcium oxalate, 

which so commonly occurs in plants |in the form of raphides], - 
while on the other hand the sulphuric acid gives up its sulphur® 

in the production of protoplasm and generally of albuminoids. 
It is evident that the remaining nutrient substances can ~ 

only enter the plant by the process of diffusion, and in 
general in the form of soluble salts; but their relations to 

. the life of the plant are still obscure. With regard to zrom 
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we can form some judgment, since we know that its pre- 
sence is necessary for the production of chlorophyll. Plants 

which grow in soil destitute of iron do not become green, 
but remain bleached or etiolated until enabled to do so by 
the addition of iron to the soil; though it is doubtful whether 
chlorophyll contains iron as one of its essential ingredients. 
Since etiolated plants, owing to the absence of chlorophyll, 
are unable to absorb carbon dioxide, they can live only for 
a short time, and soon perish. ‘The salts of iron present in 
the soil afford the necessary supply of this element for 
vegetation. Phosphoric acid appears to stand in a certain 

relation to the production of albuminoids, or at least, 1s in- | 

variably found in association with them ; and in many seeds 
there is a constant relationship between the weight of the 
phosphoric acid and that of the nitrogen contained in them. 
With respect to fotasscum, similar general relationships to 
starch, sugar, and cellulose are not improbable; and it 

is known that the amount of potassium in any part 
of a plant varies with the rapidity and energy of its growth. 
But in what form phosphoric acid and _ potassium 
enter the plant, and what their special functions are, is 
stil unknown. In the case of buckwheat, it has, how- 

ever, been ascertained that food-material destitute - of 

potassium cannot be assimilated or transformed into organic 
substances; and that the chloride, and next to that the 

nitrate, are the salts best adapted for the purpose.  Sz/zczc 
acid, which constitutes the greater part of the ash in many 
plants, as, for instance, the stems of cereals, cannot be 

considered a nutrient substance in the same sense as 

those already described; since it has been proved by ex- 
periment that it is not absolutely necessary to the growth of 
these plants, and its presence appears to be only a favour- 

able condition to their perfect development. Nothing more 
definite is known respecting it. 

If plants are grown in fluids which contain all the sub- 

stances necessary for their life, it is found that these sub- 
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‘quantitative ‘selective power’ has been ascribed to plants. 

aside nitrogenous food-materials—different species take up + 

distinguished as calcareous, alkaline, siliceous, &c. Legu- 

ing, and irrigating of the ground. 

-number of crops of an alkaline plant causes the soil to become for a 
-time—and at length when all the alkalies have been consumed, per- — 
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stances are not taken up in quantities dependent. on “afk ey 
concentration of the fluid, nor on the proportion of the 

various substances contained in it ; but that different species _ 
of plants, on the contrary, supply their needs from the same’ 
fluid in different ways. In consequence of this pheno- 

menon, which depends on causes at present unknown, a 

Since plants possess no volition, the term is an unfor- 
tunate one ; but it seems necessary to retain it, notwithe § | 

standing its ambiguity, since no better one has been sug- ee 
gested. With reference to the peculiarity that—settmg  - ~ 

in preference different nutrient substances, plants may be 

minosee, for example, are specially dependent on hme, pota- 

toes and turnips on potash, all plants in which the seed 

is remarkably developed on phosphoric acid, cereals and 
grasses generally on silica, &c. 

The cultivation of crops withdraws from the soil immense quantities 

ee 

of substances ; so that sooner or later the moment must arrive when the 

_produce will diminish, and at length altogether cease, unless those 

constituents of the soil which the crops have withdrawn from it be 
replaced. The object of the agriculturist must therefore be so to 

work his ground that the soil never becomes exhausted, but that he 

shall constantly obtain abundant crops and an adequate interest on his : 

capital, the soil. There are two modes of securing this : by a carefully ee 

selected succession of different crops, and by manures. He must of he 

course in addition depend on a suitable mechanical working, loosen- 

In consequence of the selective power of plants, a succession of a Peer 

manently—unproductive for plants of this description. But while the ~ ‘ 

alkaline plant has the power of withdrawing an unusual proportion of a 
alkalies from the soil, it leaves all the other nutrient substances com- . 

paratively untouched. These substances therefore accumulate in the ee 

soil, the small consumption of. them being outweighed by the decom- 

posing influence of the atmosphere, which is constantly reducing to a 

soluble condition small quantities of soil, and thus rendering their con- 
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stituents available for nutrition. The substances which are thus made 
available for the plant are retained by fertile soils,! and thus their solu- 
tion by rain, &c. ensured for at least a sufficient time for the whole of 
the soil to become completely saturated by them. It is, therefore, 

essential to good agriculture that the crop of the alkaline plant 

should be followed by one of another kind, say a siliceous plant; and . 

thus a well-chosen succession of different crops will remove from the 
‘soil one substance after another. This vofatzon must be continued 

until the substances first withdrawn are restored in such proportion and 

distribution that the same series of crops may again be grown. In 
former times the influence of the atmosphere on the soil was utilised 

by cultivating only a portion of the*soil, the rest being left untilled or 

fallow; but it is now acknowledged that this mode of agriculture is not 

economical. In those districts where it pays to cultivate large tracts of 

land, no considerable portion is now left fallow; but the object is, by 

a good rotation of crops, to use up as equally as possible all the con- 

stituents of the soil. Even under the best system of agriculture, how- 

ever, the soil must become gradually exhausted, and this exhaustion 

must be artificially counteracted. This purpose is effected by a 

scientific system of manuring, by which those substances are supplied 

to the soil of which it has most need. According to circumstances the 
most various organic and inorganic substances may be employed as_ 

manures. If, for example, there is a deficiency of nitrogenous sub- 

stances, an addition of nitrates or guano is made. We cannot here 

enter further on the physical changes in the constitution of the soil, 

often so advantageous or even indispensable to vegetation, caused by — 

the rotation of crops and by manuring. In Sicily and Asia Minor, 

once ‘the granary of Rome,’ in Campania and Spain, at one time so 

fruitful, we have the most sad and instructive examples of the exhaus- — 

tion of the soil. Care must on the other hand be taken not to impart 

to the soil such substances as are injurious to vegetation. Manuring 

with chlorides such as sodium chloride (common salt), for example, 

while increasing the weight of root-crops, has a decidedly injurious 

effect on their quality. 

i The Life of thé Plant. , 

The nutrient substances taken up by plants are, how- 
ever, by no means adapted, in the raw state, to take part in 

the construction of any vegetable structures ; they must, on _ 

: It has not yet been ascertained whether this is brought about by 
attraction, or by decomposition and transformation into other com- 
pounds, 
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the canis, undergo important trinsforinatione: and be- t 

come changed into organic compounds suitable for nutrition. 

This process of assimilation may be compared to thes 

digestion of food by animals, ze. to its conversion into — 
-blood ; but still differs greatly from that process, since the 

‘ etinial- takes up organic compounds already existing as such, 
which have only to undergo change, while plants have to 
construct more highly complicated out of simpler com- 
pounds, or, possibly, even out of their constituent elements. 
‘The fact that the compounds which are absorbed into the 
plant are usually very rich in oxygen, while the substance of 
the plant itself contains only a small proportion of that ele- 
ment, shows that assimilation must be a process of deoxidation 

or of elimination of oxygen. It can, therefore, take place 
only in those cells which contain chlorophyll, and under 
the influence of light ; because it is only in those parts of 
the plant, and only under the action of sufficient light, that 

oxygen is given off. The leaves are, therefore, the principal 

organs of assimilation. : 

_ It is not at present possible to follow step by step the 

process of assimilation ; it seems to depend mainly on the 
following forces : (1) the evaporation of the water contained 
in the nutrient sap by transpiration ; (2) the decomposition 
of carbon dioxide and the fixation of carbon; (3) the for- 
mation of albuminoids which are essential for the produc- 

tion of protoplasm and chlorophyll ; (4) the formation of the 
substances from which cellulose is produced, zzz. starch, the 

different kinds of sugar, oil, and inuline. 
_.. Since the growth of plants can take place only at the 
expense of assimilated substances, it is of the highest im- 
portance that a number of the products of assimilation 

should be transported from the places where they are pro- 
duced, and made to take their part in the vital processes of 
the plant ; and they have therefore to be stored up at cer- — 

tain points, in order to serve, as required, as reserve-matertals. 

_ Some of these reserve-materials are, for example, again dis- 
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solved in the spring at the commencement of the period of 

vegetation, and thea employed in the production of new 

organs, especially the leaves. 

The decomposition of the carbon dioxide contained in the atmosphere 

is the main source of the carbon required for building up the tissues of 

plants. Only those cells which contain chlorophyll, and then only under 

the influence of sunlight, have the power of decomposing the carbon 

dioxide which they take up, and of producing organic compounds out 

of its elements and those of water, with elimination of an equal volume 

of oxygen, or in other words of assimilating. It is highly probable that 

in this process the carbon dioxide loses only one half of its oxygen, the 
other half of the oxygen which is evolved resulting from the decompo- 

sition of water. It is only living chlorophyll that has the power of de- 

composing the carbon dioxide ; and in general both sides of the leaf take 

part in this process, though with different energy. Light and heat are 

absolutely necessary for it ; a small deficiency of heat may be compen- 

sated by more intense light, but there are limits which cannot be passed 
(see Fig. 373, p. 213). Plants which do not contain chlorophyll have no 

power of decomposing carbon dioxide, and hence of assimilating; they 
must therefore obtain their nutriment from substances already assimi- 

lated; and hence grow either on or in animals or other plants as parasites, 

and obtain their nutriment from them, or live [as. saprophytes] on 

organic substances actually undergoing decomposition, and absorb their 

organic constituents before they are completely decomposed. 

The mode of formation of albumznozds is still unknown ; it has not 

even been accurately ascertained at what spot they are produced. The 
most probable solution is that they are formed at those spots where | 
calcium oxalate is stored up, because this salt is formed by the decom- 

position of calcium sulphate, the sulphur of which passes over into 
the albuminoids. (See p. 168). 

Neither is it yet known how cellulose is formed, although access of 
atmospheric oxygen appears essential to its production. It is tolerably 

certain that starch, sugar, inuline, and oil are the materials out of 

which the protoplasm constructs the cell-wall ; at least substances of this 

description which are stored up in the cells always disappear when an 
energetic formation of cellulose is going on. 

Starch is invariably formed originally within the grains of chlorophyll. 

Light is necessary for this ; but the very small intensity of light which 

" suffices for the formation of chlorophyll is not sufficient for that of starch 

or of the drops of oil which sometimes replace it. In direct sunshine 
starch is produced in the green parts of plants almost at the very | 
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moment in which the rays of light fall upon them ; and in diffused 
daylight after a short time. Plants grown in the aaa and- therefore” 

etiolated, develope chlorophyll first when exposed to light, and. then 

starch in the chlorophyll-grains. In the dark, starch is transformed into — 4 

other nearly related but soluble substances, such as sugar, dextrine, &C., 

which become distributed through the whole plant, and is again fixed in 

the form of starch as a reserve-material at particular places, as in the grains 

of cereals, the tubers of the potato, &c. Whether or to what extent the 

nitrogenous constituents assist in these processes is still unknown. 

The processes of life cannot be conceived as going on, 

even in unicellular plants, without a continual movement of — 
those substances which are necessary to their life. In the 
most simply organised plants these processes are simple, 

but become more complicated as we ascend in the scale. 
The direction in which the assimilated substances move 

varies according to the vital needs of the plant. They can 
be transported from the places where they are formed 

directly to those where they are required, or to reservoirs of 
veserve-matertal, where they are stored up until they are 

again carried to the parts where they are consumed. Hence 
perennial plants have their chief reservoirs in their stems, 

rhizomes, bulbs, or tubers; while those which do not bear 

fruit more than once have the greater part of their assimi- 
lated substances stored up in their seeds. 

It may be taken as nearly certain that in plants higher 
in the scale than Mosses, in most if not in all cases, the 

transport of the assimilated nutrient sap takes place through 

two forms of tissue. The soft-bast is chiefly, though not 
exclusively, the conducting tissue of the albuminous muci- 
laginous alkaline compounds ; while the parenchyma, both 

of the cortex and of the pith, is the chief agent in the con- 
duction of non-nitrogenous substances, such as starch, sugar, 

inuline, oils, and acids. ‘The laticiferous and the vesicular 

vessels also contain reserve-materials of a different kind, 
which can be made use of when required ; but the move-. 

ment of the fluids contained in them is more slngeui than | 
.g ina small- celled tissue. 

/ 
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The experiments of Hanstein were the first: to prove this point. 
From the cut branches of various dicotyledonous plants he removed, 

above the cut surface, a circular piece of bark, and then placed the 
branch in water. The result was that in those species which possess no 

isolated vascular bundles, no cambium cells, and no sieve-tubes in the 

medullary sheath, no roots sprang from below the place from which the 

bark had been removed, or at least very few in proportion to the size of 
the piece of bark below; while above that part a large number of strong 

roots were formed (Fig. 348). In those plants, on the other hand, like 
Mirabilis Falapa and Amaranthus 

sanguineus, which have isolated 

vascular bundles in the pith, or, 

like Merium Oleander and Solamum 

Dulcamara, cambium-bundles or 

sieve-tubes, an abundance of roots 

were formed even below the part 

where the bark had been re- 

moved. The conclusion is un- 

avoidable that substances essential 

to nutrition are conducted only 

through the elongated cambium- 

or sieve-tube cells. In these cell- 

bundles, however, non-nitrogenous 

substances occur only exception- 

ally, that is only at periods when 

large quantities must be trans- 

ported in a short time; and in 

many plants they are never found : 

there. The conclusion may hence yy¢, 348.—A cutting from which a ring of 
be drawn that other groups of cells bark has been removed placed in water ; 

besides the elongated ones also ae irae seas aoe 
take part in the ‘transport of the 

assimilated sap ; and these are most probably certain groups of paren- 

chymatous cells which are distinguished by containing very fine-grained 

starch, and which can be recognised at once by this. 
It follows from what has been said that the old view of an ascending 

sap in the spring and a descending current in the autumn, must be 
modified ; that the sap certainly rises in the spring after the close of 

the winter’s period of rest; but that this ascending current continues 

through the whole period of growth, as does also the’ descending 

current ; and that, as need arises in the plant, horizontal currents also 

pass through its tissues. The old comparison between the circulation 
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of the blood in animals and that of the sap in plants must therefor be s ieee 

- entirely abandoned. 

If now we inquire what are the causes of the movements of the © 

assimilated nutrient sap, it is impossible to give a definite answer, 

because the action of organised and living protoplasm introduces inde- 

-. terminable factors. It may, however, be assumed that the law of 

diffusion in its widest sense is one cause of these currents. The move- 

ment. in cells enclosed on all sides is brought about by two causes: the 

force of osmose and the ¢enston of the tissues, that is the force exercised 

on the conducting cells by the surrounding ones. The movement of the 

sap can take place more readily in intercommunicating tubes than in 
closed cells, as is seen in laticiferous vessels and sieve-tubes. Thus, for 

example, in the celandine, Chelidonium majus, the slight rise in tem- 

perature caused by the approach of the hand at the distance of an inch 

is sufficient to cause a current of latex towards the colder parts which 

may be perceived under the microscope. This movement is obviously 
occasioned by the pressure or tension which the swelling of the neigh- 

bouring cells exercises on the thin-walled laticiferous vessels. Other 
forces besides those already mentioned operate in these tubes, especially 
the curvatures and torsions of particular parts of the plant ora enee | 

by the influence of light, gravitation, and the wind. 

The products of assimilation, when transferred to other 
cells, and when brought into actual use, undergo a variety of 
changes which are included under the term metastases. ‘Thus, 
for example, when the starch formed in the leaves of the 
potato is to be transferred into the tubers as a_reserve- 
material, it must first be transformed into a soluble substance, 
vez. glucose. This glucose is distributed through the con- 
ducting tissues ; and being again transformed into starch in the 
cells of the tuber, all the starch gradually collects in these 

organs. By the close of the period of growth, all the chloro- 
phyll-grains are also dissolved and carried into the permanent 
organs, together with all the other substances which are sub- 
sequently to be employed. Many products of metastasis 
are of no further use in the construction of new cells, but 
remain stored up and inactive at the spots where they are 

produced. ‘These are termed secondary products of meta- 
stasts, and comprise the volatile oils, resin, caoutchouc, 
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gum-like substances, tannin, pigments, acids, alkaloids, wax, 
pectine, &c. Other substances, known as degradation-pro- 
ducts, are produced only by subsequent changes in the sub- 

stance of organised structures ; such are the mucilage of 
quince-seeds and linseed, and perhaps also lignine and cork 

(see p. 23). - | 
The object of the processes of assimilation and meta- 

stasis, the nutrition of cells already existing and the formation 
of new ones, is at present known only in its most general 
features. The little that is known consists of the laws of 
cell-formation already mentioned, and of the fact that the 
cell-wall grows by zztussusception, that is, by the formation 

of fresh molecules between those already in existence,! 

REPRODUCTION, 

The great office assigned to vegetation of covering the 
surface of the earth with forms of organic hfe, and trans- 
forming inorganic into organic substances in order to support 

the life of man and other animals, requires that plants be 
endowed in a remarkable manner with the power of repro- 

_ duction, that is, of producing individuals of the same species, 

in order that the short duration of all earthly life may not 
result in the world being soon deprived of its covering of 
vegetation, and all life perishing in consequence. For this 
purpose, particular cells of the plant begin, at definite times, 
an independent growth, and thus carry on a life of their 
own, often not in connection with the parent plant. Such 
cells are called reproductive cells, and the plant which re- 

sults from one of them constitutes a distinct generation. ‘The 
successive generations are only rarely, as in some Algee and 
Fungi, alike ; as a rule, generations of a different kind follow 

1 [This sentence is somewhat altered from the original, where a dif- 
ferent definition is given to the term ‘intussusception’ from that usually 
adopted, and previously employed in this work.—ED. ] 

N 
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one another. For example, a generation of the kind a will _ 

produce one of the kind pz, and this again one of the kind a. 
This kind of development is called an alternation of genera-— 
tions. 

Processes of reproduction are, again, of two essentially 

different kinds. While one class or group of reproductive | 

cells are capable, without further preparation, of giving 
rise to a new plant, another class only have this power im-. 

parted to them by other cells which stand to them in a 
relation of contrast. ‘The former kind are termed in general 
asexual reproductive cells, the latter germ-cells or oospheres. 

Reproduction by asexual reproductive cells [asexual re- | 

production| occurs in a variety of modifications, some less, 
some more perfect, and is variously termed reproduction 
by spores, gemme, bulbtls, conidia, buds, gonidia, &c. 

The most common mode of multiplication in the lower 
plants is by means of sfores.' This term may, in general, 
be applied to all those simple reproductive cells which arise 
under the ordinary conditions of life. In by far the greater 

number of cases they are simple cells enclosed in a single 

or double cell-wall, and formed at particular places, very 

commonly in special receptacles to which the name sfo- 
rangia is given. ‘The great variety that prevails in the form, 
function, permanence, and mode of formation of spores has 
led to the use of a number of special terms, of which those 

in most common use will be hereafter mentioned and ex-. 

plained? (See eg. Figs. 393-403, 440, 450.) 

1 [The term ‘spore’ is unfortunately currently used in cryptogamic 
botany in the widest and vaguest sense. In Fungi, Mosses, and most 
Vascular Cryptogams, the spores are asexual reproductive cells in the 
sense here employed, as also are the ‘tetraspores’ of the Rhodosporez. 
But the ‘zygospores’ of Conjugate and the ‘resting-spores’ of some 
other Algze are the result of a process of union ; while the ‘spores’ of 
the Fucaceze are oospheres which require to be fertilised in order to 
enable them to germinate.—ED. | | 

2 [Special mention should be made, under the head of asexual repro- 
ductive cells, of zoospores or swarmspores, bodies found exclusively in 
Cellular Cryptogams, endowed with a remarkable spontaneous power of 
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The formation of spores proceeds, as has already been © 
mentioned, only under the ordinary normal conditions of 
life; when the conditions are abnormal, they are replaced by 

conidia. ‘Thus, for example, in JZucor Mucedo, the brown 
mould which appears so commonly on rotten fruit, the fila- 
ments of cells break up, when the supply of nutrient sub- 
stances is insufficient, into separate cells which, under 
favourable circumstances, are capable of development into 

perfect plants. Although conidia are so similar and so 
nearly related to spores, it appears nevertheless most con- 

venient to treat them as distinct, from the fact of their being 

morbid products. 
Gonitia may be regarded as a higher condition of 

conidia, and are almost peculiar to Lichens. ‘They are 
usually small groups of cells which are not united with one 
another by any definite law (see Fig. 409, p. 285). 

In gemme the cells are united into regular groups, and 

only in this condition detach themselves from the parent 
plant. They occur especially in the Muscinee. In the 
Hepatic they are developed in special bowl-shaped con- 
ceptacles (Fig. 349) ; in Mosses, on 
the contrary, on the stem, root-hairs, 

leaves, and in short on all parts of 

the plant. 

Special interest attaches to the 
mode of reproduction by means of 
buds. These are larger assemblages 
of dissimilar cells, and are moder- 

ately highly organised germs of new ee ee Tee 
plants, inasmuch as they already LAE polymorpha 
consist of axial and foliar organs. 

They are also not distributed irregularly over the parent 

motion. Their mode of development and of propagation will be ex- 
plained more at length in the systematic section cf the work (see Chap. 
VI. p. 250).—-ED. ] | = 

N 2 
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plant, like the reproductive organs already mentioned, but 
are usually attached to definite positions, being found — 
almost exclusively in the axils of leaves. The mode of 
reproduction by buds is of the highest practical import- 
ance, and is made use of by gardeners in a great variety of 

ways, since by this means not only is the species but the 

particular variety propagated, which is not always the case 

in reproduction by seeds. ‘To this class belong repro- 
duction by bulbils, runners, cuttings, grafting, layering, and 
budding. In these processes, so different in their external 

appearance, reproduction depends simply on the further 

development of buds which have become spontaneously 

detached from the parent plant, or artificially separated 
from it. | Y 

Bulbils are endowed in a high degree with the power 
of independent life ; they become spontaneously detached 
from the parent plant, and, when they fall to the ground, 
continue to grow like seedlings. They occur especially ia) 

bulbous plants ; in the hyacinth, for example, in the axils of 
the bulb-scales (Fig. 122, p. 82), in some lilies 

| and in some species of Ad/um within the in- 
florescence. More rarely they are ‘found on 

the surface of the leaf, as in Cardamine pra- 
tensts, | Bryophyllum|, and some ferns. 

Multiplication by the division of under- 
ground [or aérial] stems, as in the Aster and 
couch-grass, Triticum repens, and by runners, 

Fic. 350.- Stem of ag in the strawberry, 1s so simple and so 
Lilium  bulbtfe- 
rum; s bulbils well known as not to require further descrip- 
developed in the 
axils of the leaves tion. 

e, While in all the cases already described | 
buds which have separated spontaneously from the plant have 

at once a power of new growth; in cuttings, grafts, layers, 
and buddings, on the other hand, the wound caused by an 

artificial and violent separation must first heal. The forma- y 

| in the axils of the foliage-leaves (Fig. 350), 
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tive cambium is excited into activity, masses of succulent cells 

are formed, swell up to a certain extent between the inner- 
most layer of bark and the wood, and spread laterally over 
the cut ends of both xylem and phloem, these latter taking 
no part in the formation of new tissue (Fig. 352). ‘Thus is 
formed a spongy, cartilaginous, succulent cushion of tissue, 
known to gardeners as a callus. At the same time the 

outer wounded parts of the bark, and sometimes also the 
pith, are protected from further injury by a newly formed 
cork-tissue. In cuttings (Fig. 352), z.e. cut branches planted 

in the earth, the roots are developed either 

through the tissue of the callus or near it, 

but always directly from the cambium. 
In grafting, layering, and budding, the 

cambium plays the same part as in the 
cutting, giving rise to the recuperative 

mass of healing tissue, or callus. This 

forces itself into the injured space between 

the bark and the wood (Fig. 351), fills it 

Fic. 351. — Diagram- _ Fic. 352.—Diagrammatic representation of a longitu- 
matic representation dinal section through the lower end of a cutting; cZ 
of a longitudinal sec- the callus ; cv cambium ; A wood; & cork; pith; 
tion through a graft; ry bark ; w roots. 
cl the callus; ~ bark ; 
we pith. 

up in all directions, covers up the dead parts of the tissue, 
and causes those parts that are still active to coalesce with 

one another. The various modifications of this process are 
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of greater interest from a practical than a scientific point of 1 
view. In grafting (Figs. 351, 353) a branch of a superior 

y variety is planted on a stock of a wild 
(No variety. In budding, a bud to which a 
a a piece of the bark is still attached is in- 

serted into a T-shaped incision beneath 
a the bark of the stock (Fig. 354). In all 

cases the wounded part must be protected 

A i externally by wrapping round with bast 
i and covering up with cotton-wool or some 
‘i other substance from the injurious influ- 

ence of the atmosphere. In these various 
ee processes the point of junction between 

the stock and the graft forms a boundary- 

WAgY)! 

Fic. 353.—Grafting ;@ Fic. 354.—The various elements in the process of budding. 
the stock to which the 
graft is attached. 

line ; all the parts developed above this line belong to the 
latter ; all those beneath it to the stock. The graft is de- 

veloped altogether spontaneously, without undergoing any 

essential change from the stock ;'! while the stock, if the 
buds formed on it are allowed to grow, developes its own 

proper leaves, flowers, and fruit. | 

This independent growth of a bud in contact with the 
stock of another plant takes place, however, only when the 

1 [The graft and the stock do, however, exercise a certain amount of 
reciprocal influence the one on the other ; and in certain cases hybrids 
or intermediate forms between the two are produced.—ED. | 
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two belong to nearly related species. The peach can be 
grafted on a plum-stock, but not the rose on an oak. 

Reproduction by means of oospheres or germ-cells 1s es- 
sentially different from the modes already described ; since 
here cells of two different kinds are necessary to produce 
the new plant by their mutual action the one on the other, 
the cells of each kind having no power of propagation in 

themselves alone. This process of mutual action is called 

fertilisation or impregnation, and involves a distinction be- 
tween the fertilising or made, and the fertilised or female 
element. ‘This latter becomes, after fertilisation, the germ 
of the future plant. 

Of the yarious processes of fertilisation we can here only 
describe that which is characteristic of all flowering plants 

= | or Phanerogams. The organs of re- 

production—the male follen, and the 
female ovu/e—are in them collected in 
the flower, and form its essential con- 

stituents, and the process of fertilisation 

consists in the pollen exercising an 
influence on the ovule, by which a 
further development is induced in the 
latter. In those plants in which the 
ovules are enclosed in an ovary it is 

Jura; © Cuphea platy necessary that the pollen should, in the - centra; D Diéipsacus j 
Yullonum; © pollen- first place, fall upon the stigma. The 
masses (pollinia) of Cyn- é : 
eee Pg os period of maturity of the pollen and of 
(Asclepiadez : Ae ; 

the capacity of the ovule for fertilisation 
generally coincides with that of the expansion of the flower. 
The anthers then open, and the pollen-grains (Fig. 355) are 

’ 
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carried to the stigma, either by the wind! [avemophzlous|, or 
by the agency of insects [eztomophilous|, or by peculiar 
movements (see pp. 203, 205) of the stamens or carpels, 
and remain attached to it in consequence of its exuding a 

_ viscid fluid. If we consider the immense number of pcllen- 
grains produced in any individual flower, and in addition 
the fact that a single one of these grains suffices for the fer- 

tilisation of an ovule, it would appear at first sight as if 
ample provision were made in the majority of plants for 
this first act in the process of fertilisation, especially if at-. 

tention is directed to the relative positions of the anthers 
and stigma. ‘Thus, for example, in most plants with pen- 

dent flowers, such as the fuchsia, the anthers are always 

placed higher than the long-styled stigma, so that in the act 

of pollination, that is, the dispersal of the pollen, some pollen- 
grains must almost inevitably become attached to the 
stigma. But in spite of the frequent occurrence of such 
favourable arrangements, there are many cases in which 
fertilisation is impossible without foreign aid, as in the Or- 
‘chideze and Asclepiadeze (Fig. 355 E), in which the pollen- 
grains are firmly united together by a viscid substance into 
a mass, and he undisturbed in the open anthers. In 

these cases assistance is given by the host of insects which, 
in their search for honey, fly busily from flower to flower, 

penetrate to the nectaries, and unintentionally and unknow- 
-ingly carry the fertilising pollen from one flower to another. 
In a large number of flowers, as, for instance, the Legumi- 
nose, other contrivances are also found, by means of which 

the pollen is conveyed to particular parts of the bodies of 
the insects in their search for honey, vz. to those which 

“must come into contact with the stigma when the insect 
visits the next flower. And since the majority of insects 

1 In forests consisting of those trees which bear catkins (Amen- 
tiferze) immense clouds of pollen are often seen floating in the air at 
the time of pollination, which are sometimes carried to the earth by 
showers of rain, and then form the so-called ‘sulphur-rain.’ 

Rashes <= —. 
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visit only particular plants, the pollen is not, as a rule, 
wasted by being carried to a flower of a different species. 
Too great importance cannot be attached to this function of 
insects ; and many exotic plants, such as the vanilla, were 

long cultivated in our hot-houses without producing fruit, 
because the insects required for their fertilisation were want- 
ing, until their place was supplied by artificial pollination. 

In particular cases in which fertilisation would otherwise be impos- 

sible, other special contrivances are found, especially in water-plants. 

When the pollen-grains come into contact with water, with a very few 

exceptions (as in Ceratophyllum and Zostera), they absorb so much as 

to cause them to burst, or to occasion the escape of their contents from 

one of theig pores so quickly that they perish. In order to prevent 

this injurious effect it is almost invariably the case that submerged plants 

raise their flowers above the water, as in Sagzttaria and Hydrocharts. 

In Utricularia (Fig. 356), the bladders on the leaves which are pre- 

viously empty, become filled with air at the time 

of fertilisation, raising the whole plant to the sur- 

face of the water, while it again sinks at the close 

of the period of flowering. In Zéatine and Alismia 

air-bladders are formed, by a vital activity not yet 

accurately investigated, between the connivent 

stamens, within which fertilisation can be accom: Fic. 356.--s_ Bladde 
plished undisturbed. The most remarkable case fottaiec Be (em 
is, however, presented by the dicecious Vallisnerta 

spiralis, which occurs abundantly in marshes in South Germany. The 

male flowers are seated on very short pedicels at the base of the leaves, 

often several feet below the surface of the water; the female flowers 

on the contrary on very long pedicels, which at a particular time 

become greatly elongated and raise the flowers to the surface of the 

water. The male flowers then become detached from their pedicels, 

rise to the surface, are floated among the female flowers, and fertilise 

them. After this has been accomplished the pedicel of the female flower 

coils up spirally, and the fruit ripens beneath the water. 
Notwithstanding that appearances would seem to point to the Hist 

being always fertilised by the stamens which surround it, more exact 

observation has nevertheless shown that seéf-fertlisation of this nature 
does not, as a rule, take place, but that on the other hand cross-fertilisa- 

tion, 2.€. a crossing between different flowers on the same plant, or 

between flowers on different plants of the same species, is much more 
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frequently actually found in nature. The main support of this view is 
found in the phenomena of dichogamy and heterostylism, which are 

found to occur in so many plants. 
By dichogamy is meant the maturing at different times of the re- 

productive organs in a hermaphrodite flower. Dichogamous flowers 

are either protandrous, when the pollen escapes from the anthers before 
the stigma in the same flower is ready for fertilisation, or Arotogynous, 

when the stigma has lost its capacity for fertilisation before the pollen 

is mature, so that its fertilisation must depend on the pollen of older 

flowers. Most species of Geranium, Pelargonium, Malva, Umbelliferee, 

Composite, and Campanulacex, are protandrous ; while among proto- 

gynous plants [which are much less common] may be mentioned 

species of Magnolia, Aristolochia [Scrophularia, Plantago|, &c. 

fleterostylism consists in different flowers belonging to the same 

species having stamens and pistils (styles) of different lengths. Thus, 
for example, in the cowslip [and primrose], zum perenne, and 
Pulmonaria officinalis (Fig. 357), two different forms occur, the long- 

Fic. 357.—Dimorphic flower of Pzdmonaria: 1. long-styled ; II. short- styled form; 
a corolla; J anthers ; ¢ ring of hairs; @ pistil. 

styled (1.), and the short-styled (11.). This difference in the form of the 
reproductive organs is called dimorphism ; while trimorphism, or the 
existence of three different forms, occurs in Lythrum Salicaria [and 

Oxalis|. In plants in which this arrangement occurs, fertilisation, 

or the production of fertile seeds, is, as a rule, effected only by the 
union of the reproductive organs which stand at the same height, and 
which are therefore always found in different flowers (Fig. 357 1. 6 and 

11. @, and I. d and Il. 4) ; [it is obvious that this will easily be brought 

about by theagency of insects.] Finally the circumstance is specially note- 
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worthy that insome Orchideze (Notylia, Oncidium, &c.), the pollination 

of the stigma by pollen-grains from the same flower is actually poisonous, 

having a fatally injurious influence on the whole flower. 

When. pollination has been fully accomplished, the 

pollen-grain, excited by the viscid fluid exuded by the 

stigma, puts out one or more long tubes, the pollen-tubes 

(Fig. 358), which are unicellular and usually simple. 

These penetrate through the con- ; 

ducting tissue of the style, and 
reach the interior of the cavity 

of the ovary in a few hours ; in 

fe B. 

a 

& J 
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Fic. 358.—Pollen-grains putting out their Fic. 359.—Longitudinal section through 

pollen-tube: a Dipsacus Fullonum ; B the uni-ovular ovary of Polygonum 
Cucurbita. Convolr ulus at the time of flowering: 

@ stigma; 6 pollen-grains ; ¢ pollen- 
tube ; @ wall of the ovary; gv the erect orthotropous ovule; se its embryo- -Sac } 
ch chalaza ; two pollen- tubes have penetrated through the conducting tissue of the 
style, one of which has entered the micropyle of the ovule, the other not. (x 40.) 

the case of Colchicum in about twelve. There they come 

into contact with the ovules and attach themselves closely to. 

them. {Fig.+359).. One of the cells of the nucleus of the 
ovule has, in the meantime, grown much larger than the 
rest, and has pressed aside and absorbed the surrounding 
tissue. This is the embryo-sac, in which, even before fer- 

tilisation, two membraneless cells, the eméryontc or germinal 

vesicles,‘ have been formed, which are fertilised by the pollen- 

1 More than two embryonic vesicles sometimes occur, though 
normally in only a few plants, as Cztrus. 
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tube, and then develope into the embryo. Besides the em- 
_bryonié@ vesicles, the embryo-sac usually contains one or 
more cells, the function | 

of which is still un- 
known, and which are 

called the antipodal cells 

(Fig. 360), because they 

are usually found at the 
base of the embryo-sac. 

Of the: miumeronus 

pollen-tubes which, as a 
mile reach the ovule, 

one penetrates through 
the micropyle, and 

reaches the embryo-sac 

pither directly or ~ by 
forcing aside the tissue 

Fic. 360 —Upper part of the 
nucleus of the ovule of 
Crocus ; p the embryo-sac 
with its nucleus 2&; & 
the embryonic vesicles ; 
g the antipodal cells. (x 
75:) 

Fic. 361.—The process of fertilisation in Gladiolus segetum : 1. the two embryonic 
vesicles at the apex of the embryo-sac; 2’ +” the filiform apparatus ; y' y" the 

balls of protoplasm ready for fertilisation; se the wall of the embryo-sac ; 

II. a pollen-tube ¢ 4 which has just fertilised the two embryonic vesicles in con- 

tact with it: the cell-walls which surround the balls of protoplasm are still very 

thin: III. a somewhat later stage; the cell-walls are thicker ; the fertilised 

vesicle y/ is beginning to develope and to divide into two. (x 400.) 
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which still lies above it. 

189 

At the apex of the embryo-sac 

the pollen-tube comes into contact with the embryonic 
vesicles, and fertilises them (Figs. 361, 362). The exact 

mode in which this happens is not yet known, since at the 

time of fertilisation the pollen-tube, which is sometimes 
more, sometimes less considerably swollen, appears to con- 

tain no substance of definite 
structure. Immediately after 
fertilisation, the embryonic 
vesicles, which were before 

naked, become clothed with 

a cell-wall of cellulose, and 

begin at once to develope. 
It is indifferent whether one 
or both vesicles are fertil- 
ised ; one almost invariably 
perishes, perhaps 
want of sufficient nutri- 

ment, while the other un- 

dergoes further develop- 
ment, This divides, at first, 

into two cells, the upper 
one of which becomes the 

suspensor, while the lower 

one developes by frequent 
division and growth into the 
embryo (Fig. 363). The sus- 
pensor is sometimes longer, 
as in Borraginee, Cruciferze, 
Labiate, and  Scrophu- 
lariaceze, or shorter, as 

in Graminez, Irideze, Lilia- 

ceze, and Polygonacez ; in 

from. 

E 

Fic. 362.— Fertilisa- 
tion of Canna; I, 
apex of the embryo- 
sac é€ at the time 
when the _ pollen 
tube Zs has just 
come into’ contact 
with the embryonic 
vesicles &£; II. fer- 
tilised embryonic 
vesicle separated. 
(x 200.) 

Fic. 363. — Forma- 
tion of the embryo 
of  Aeliotropium ; 
e@ endosperm; e¢ 
suspensor; @ rudi- 
ment of the embryo, 
its enveloping mem- 
brane being already 
formed ; a cells de- 
veloped out of the. 
two embryonic vesi- 
cles: 

a few cases, as Cynanchum and Tropeolum, it swells up con- 
siderably, and is then called the pro-embryo, a term which 
should properly be applied to it in all cases. 
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According to Hofmeister, the embryonic vesicles are cells of proto- 
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plasm destitute of a cell-wall lying below the apex of the embryo-sac, 
which is sometimes more, sometimes less strongly thickened, it having 

- there a much greater refractive power of light and often a wax-like gloss. 

According to Schacht this shining mass, called by him the filiform 

apparatus, is usually striated, and forms an essential part of the 

Fic. 364.—Separated em- 
bryo-sac of Helotro- 
pium, the endosperm 
consisting of a long row 
of cells ; one of the cells 
in the middle has already 
divided transversely; p 
pollen-tube ; & rudiment 
of the embryo. 

Fic. 365. — Longitudinal 
section through a seed 
of Nymphea: c testa; 
6 perisperm; a@ _ endo- 
sperm ; embryo. 

embryonic vesicles, destined to conduct the fer- 

tilising substance from the pollen-tube to the 
balls of protoplasm, subsequently perishing, 

while the embryo continues to develope. 

The radicular end of the embryo is 
always developed first on the suspensor, 

and hence the radicle of the mature em- 

bryo is almost always turned towards the 
micropyle. During its growth the em- 
bryo is almost always, except in Orchidese, 

nourished by a tissue developed in the 

embryo-sac (Fig. 364), and termed the 
albumen or endosperm, which is absorbed 

in 1ts immediate neighbourhood by the 
growth of the embryo. If it is entirely 
consumed in this manner, the mature seed 

is exalbuminous ; 1f a portion of it is left, 
it is albuminous. | When a portion still 
remains of the tissue of the nucleus itself, 

this is called the pertsperm. Cannacez 

have a perisperm, but no endosperm, 
while Nymphezaceze (Fig. 365) have 
both. The cells of these tissues” are 
finally filled with a quantity of nutrient 
substances of all kinds, which serve for 
the nutrition of the young plant when 

germinating. Rees § 

These processes exhibit an alternation of 

generations, although obscure. 
corresponds to the microspore, the embryo-sac to the macrospore, of 

_ the heterosporous Vascular Cryptogams (see Chap. VI., p. 245). 

The pollen-grain— 
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The processes concerned in fertilisation and the forma- 
tion of the embryo in Gymnosperms (Coniferze and Cycadez) 
differ somewhat from that now described, but correspond in 

all essential points. The differences are as follows: in 
Gymnosperms the pollen-grain falls directly upon the micro- 
pyle of the ovule, the pollen-tube being developed, not as in 
Monocotyledons and Dicotyledons from the pollen-grain itself, 
but from one of its daughter-cells (Fig. 366). The embryo- 
sac, at least in Coniferee, is filled up soon after pollination with 
endosperm, which, however, has only a transitory existence. 

Fic. 366.-— Fertilisation of Cupressus ie 367.—Fertilisation of A dies excelsa : 
senipervirens (Coniferz): I. a pollen- # pollen-grains ; Zs pollen-tubes ; ¢ two 
grain with its two cells; a extine ; corpuscules in the embryo- sac é, (x 60. ) 
6 intine; II. pollen-grain in which 
the pollen-tuke c has been formed. (x 300). 

After some weeks, or often only after some months, it is 

again absorbed, a fresh development of endosperm taking 

its place. In this latter are formed a few cells of larger 

size than the rest, the secondary embryo-sacs or corpuscules 
(Fig. 367), the number of which differs in different genera. 
After some time each of them splits up by a partition- 
wall into two cells, a smaller upper one, the zeck-cell, 
and a larger lower one, the central cell. The first forms the 
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neck, either remaining simple or splitting up into several 
contiguous cells. The central cell developes into a large 
oosphere, which is surrounded by the neighbouring tissue of 
the endosperm as a peculiar enveloping layer of cells. The 

pollen-tube now advances to the corpuscules, becomes. 

closely apphed to several of them, or penetrates into the 

neck of a single one, often even into the central cell, and 

transfers its contents to the oosphere. ‘This is the moment 

of fertilisation ; and the nucleus of the oosphere now be- 
comes absorbed. ‘The oosphere now breaks up in its lower 
part, in Cupressineze, into several cells lying one over 

another ; or, in Abietineze, a layer of cells is developed there 

by repeated cell-divisions. These cells form the so-called 
pro-embryo, which in the course of its development breaks 
through the embryo-sac, the embryo being formed at its 

lower end. When the rudiment of the embryo is carried 
into the loosened endosperm by the pro-embryonic cells 

which are often greatly elongated, the corpuscules gradually 

coalesce before their contents are completely absorbed and 
consumed. 

The germination of many seeds takes place as soon as 

they escape from the fruit and attain favourable conditions 
of moisture and warmth; in others, on the contrary, a 

period of rest seems to be necessary in order for them to 

ripen, z.¢. to become capable of germination, by slow 

changes, probably of a chemical nature. The radicle of a 

seed of the willow pierces the testa as soon as twelve hours 
_ after sowing ; and if it is allowed to remain dry for only 
twelve days it loses its capacity for germination. The seeds 
of the elm, poplar, coffee, and many Lauracez also germi- 

nate only when they have been kept fresh and have not 
dried up ; while that of the mistletoe often germinates even 
while still inside the fruit. Fresh seeds in general germinate 
more quickly and easily than old ones. Seeds which con- 
tain starch may, on the contrary, retain their power of ger- 
mination for many years, if kept dry. The temperature 
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rises during the germination of seeds, in consequence of the 
absorption of water and formation of carbon dioxide. 

In order for germination to take place, it is essential 
that the temperature should fluctuate only between certain 
limits, which, as might be expected, vary greatly in the case 
of different plants. In the case of wheat, for example, the 

lower and upper limits are 5° and 43° C.; for barley 5° and 

36°-37'5° C.; for maize 15° and 46:2° C. The seedling 

derives its ms nutriment from the 
seed, and especially from the cotyledons, 

or, when there is endosperm, from it also 

through the medium of the cotyledons. 
The radicle first emerges from the seed, 

and after it the plumule. The 
radicle is, in Dicotyledonous 
plants, a direct prolongation 

of the axis of the embryo, and, 

therefore, a tap-root; while 

in Monocotyledons, on the 

other hand, the radicular end 

of the embryo never becomes 

a primary root; a number of 
adventitious roots are, on the 

contrary, developed (see Fig. 
£05,-p- 74)),.and it is only 
rarely (Fig. 368) that the ra- 
dicular end of the embryo 
elongates into a protuberance 
wie satn perishes: «Im te- pc, oot P'S. 39 7 Sore mination of the ing seed of orange, 

oat ; tyl ledons 
spect to the cotyledons also, don ; serie of Tee ten ae 

there are two modes of germi- the embryo; @ — soil,and only slightly 
: ? ; a re tadicle 2/7 pliz emerging from the 

nation. ‘They either remain mule. (x 6.) testa T. 

beneath the sou still enclosed in the testa, (Fig. 369), or 
they rise above ground and throw off the testa (icy 270R 

The single cotyledon of Monocotyledons almost always 
remains beneath the surface, as also do those of the oak 

O 
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and sweet chestnut, while in other Dicotyledons, as the | 

beech, birch, and lime, they emerge from the soil. The 
plumule of Monocotyledons consists of 
superimposed leaves of a sheath-like or 
cornet-like character (Fig. 368) ; while in 

Dicotyledons the cotyledons, when they 
separate, are green and leaf-lke. 

In all modes of reproduction the pro-. 
perties of the parent plant are transmitted 
to its descendants. When reproduction 

is effected by asexual cells, this is alto- 
gether the case ; but when the reproduc- 
tive cells are fertilised oospheres, only so 

ne ee. far as to maintain the character of the 
eas iG the two species. When the fertilising (male) and cotyledons which aoe } 
have risenabove the the fertilised (female) cell are derived from _ 
soil, the testa @ not i : ; 
being yetcompletely plants which belong to different species, 
thrown off. (x 4.) ae ; ° | 

fertilisation can take place only if the 
two species are very nearly related to one another. An 
individual resulting from impregnation of this character is 
a hybrid; and it is determined by a number of circum- 
stances, some of which are still unknown, which of the two 
parent species the hybrid most nearly resembles. Hybrids 
resulting in this manner from the crossing of two species, 
not unfrequently occur in nature; but their power of 
propagation is commonly defective, and they are often 
altogether infertile. 

In systematic botany hybrids are distinguished by names com- 

pounded of those of their parent-species, the name being placed first of 

the one which it most resembles, Thus between Mentha rotundifolia 
and MW. sylvestris, two hybrids are known, JZ. rotundzfolio-sylvestris 

and M. sylvestrt-rotunadtfolia, the former of which most nearly resembles _ 
M. rotundifolia, the later M. sylvestris.» 

1 {A more usual and preferable practice is to place the name of the 
male parent first, of the female parent last. Thus Alentha rotundifolio- 
sylvestris would be the result of the fertilisation of AZ, sylvestris by MM. 
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Fertilisation is easier between different varieties of the 
same species than between different species, the result being 
in this case termed a varzety-hybrid. The stamens are often 

replaced in them by petals, thus forming what are called 
double sterile flowers, on which account they are not gene- 
rally so well calculated for propagation as species-hybrids. 

It is easily understood that agriculture, and especially 
horticulture, takes advantage of these peculiarities in order 

to call into existence varieties of plants cultivated for their 
usefulness or their beauty. 

The subject of fertilisation is incomplete without a description of 

the mode of reproduction of Cryptogams by means of oospheres. But as 

an account of the very numerous modifications of this process must 
necessarily be given under the separate classes, the whole subject is de- 

ferred till the section on classification. 

PHENOMENA OF MOVEMENT. 

Motion is an essential condition of life. The plant, 
therefore, like the animal, exhibits phenomena of motion ; 

but since the former finds conditions suitable for existence 

on all sides, these phenomena are in general less strongly 

manifested than in the case of the latter. It is not neces- 
sary here to allude to those movements of a passive 
cnaracter which the plant performs under the influence of 
wind or wave, or when bent to the ground beneath the 

weight of its fruit, msing again subsequently to an erect 
position ; in short, to those movements which are imparted 
to it by the obvious action of mechanical forces. Those 
only will be referred to which are inseparable from life, 
and are a direct result of the vital processes. 

It is impossible to give a minute account of all these various pheno- 

mena of movement; but they will at least be made somewhat more 

rotundifolia, M. sylvestri-rotundifolia the result of the fertilisation of JZ, 
rotundifolia by M. sylvestris.—ED. | 
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intelligible by observing those forces which are inherent in plants from. 

the mode of their construction out of cells, as well as from the molecular 

structure of their organised parts. 

Chemical processes in the interior of the growing structure are always 

connected with growth by intussusception, as this process has already 

been described. Thus, for example, the nutrient fluid which forces its 

way into the cells from without by the action of osmose, contains, it is 
true, material for the formation of molecules of a definite chemical 

composition ; but this material is chemically different from the molecules 

which it nourishes. Thus starch-grains are produced out of a fluid 

Which does not contain any starch in solution; the cell-wall is formed 

by the secretion of substances out of the protoplasm which are not 
_ dissolved cellulose ; the colouring matter of the chlorophyll is first 

formed in the interior of the chlorophyll-bodies, &c. Growth by intus- 

susception is therefore connected not only with a continual disturbance 

of molecular equilibrium, but also with chemical processes in the in- 

terior of the growing structure. Chemical combinations of the most 

- various character must therefore take place between the molecules of the 

organised body, and act and react upon one another. | 

It is certain that growth can only take place so long as the growing 

parts of the cell are permeated by atmospheric air, and that the oxygen 

of the atmosphere decomposes the compounds within the organised 

structure.! The formation and evolution of carbon dioxide is therefore a 

necessary accompaniment of growth ; and not only is the equilibrium 

of chemical forces thus being continually disturbed, but heat is also 

necessarily produced, and electrical action may, perhaps, also come 

into play. | 

By the chemical processes which have been partially described in 

detail when treating of nutrition, by the influence of heat, and perhaps 
also by electrical action, forces of considerable magnitude are set free 

in the interior of the plant, which set in motion its smallest particles 

(atoms or molecules), and thus represent a definite amount of work 

within the growing organised body, which is probably often enormous.” 
And herein we have an essential characteristic of all organisation and of 

1 See p. 167, on the process of respiration. 
2 The temperature of dry grains of starch, when they absorb water 

of the same temperature, rises 2° or 3° C.; while boiling water is only 
raised in temperature about 0°'078° C. by a pressure of ten atmospheres. 
Since, as experiment has shown, the rise in temperature on absorption 
depends on an increase in density of the water, these statements will 
give some idea of the enormous force with which the absorption takes 

place. 
~ 
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life, vz. that organised structures are capable of a continual internal 

change ; and that so long as they are in contact with water and with 
atmospheric air, only a portion of their forces can be in equilibrium in 

their interior; in short, that they are in continual internal movement. 

The whole organism forms, therefore, a framework, between and in the 

molecules of which forces are constantly being set free by chemical 

changes, which forces again occasion further changes. ‘This is essen- 

tially dependent on the peculiar molecular structure which allows that at 
every point in the interior substances penetrate from without and are 
absorbed in the liquid or gaseous state, and can again be expelled. This 

internal changeableness attains its highest grade in the chlorophyll-bodies 

and the protoplasm. In the former, chemical changes take place with 
great energy and force under the influence of light, such as the formation 

of the green colouring matter and of starch ; while the absence of light 

at once sets up other chemical processes, which terminate only with the 

complete destruction of the whole of the chlorophyll-body. 

Besides the chemical and physical forces, others are also set free in 

plants by the mutual action on one another of their cells, which are 
manifested in a ¢emszon of the tissues or of the cells with respect to one 

another. 3 

Every part of the plant consists of external and internal layers whose 
growth proceeds, at least for a time, with a different rapidity in the 

same direction. A necessary consequence of this unequal energy of 

growth is a corresponding tension of the different layers with respect to 

one another ; because those whichare growing more quickly are prevented 

from expanding as much as their growth requires, and hence exercise a 

pressure on the layers that grow more slowly, which these seek to 

counteract by their elasticity. Such tensions of the layers caused by 

unequal growth may still continue after growth has ceased ; but they may 

also be destroyed by a change in the relative rates of growth. The © 

existence and the nature of the tension can be easily shown by sepa- 

rating the layers from one another; those which had grown more 

quickly, and were therefore previously compressed, will expand ; those 

which had grown more slowly and which were therefore previously 

stretched to more than their natural length, will now contract elastically ; 

the former become longer, the latter shorter, than before their separa- 

tion. A partial separation of the tissues is often sufficient to show 

this. If, for example, any rapidly growing stem is cut longitudinally 

into four pieces cross-wise, the pieces curve concavely outwards and 

convexly on their inner side, in consequence of the internal layers ex- 

tending while the outer layers contract. These tensions caused by the 

unequal growth in length of different layers of tissue act chiefly in the 
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direction of the axis of the growing structure, and are therefore called 
longitudinal tensions. But when, after growth in length has ceased, a 
permanent increase in thickness takes place, as for instance in the case 
of the stems of forest-trees, then this increase in thickness is accompanied 

by a transverse tension in the radial and tangential directions. This is 
generally caused by the cortical tissue growing more slowly than the 

wood; and this, as has already been shown, causes the bark to become 
too small for the wood, and hence to compress it considerably ; no in- 

considerable pressure being exerted, on the other hand, by the wood on 

the bark. This can be easily shown by stripping a ring of bark from a 
stem, and slitting it up one side, when it contracts, and will no longer 

enclose the wood, its edges gaping apart. 
Tensions of different layers do not occur only in tissues, but also in 

the cell-walls of individual cells ; and it is then usually the outermost 

layers of the cell-wall which are stretched by the inner ones, while 

these latter are correspondingly compressed by the elasticity of the outer 

layers. 

The turgidity of the cell, or the pressure exercised by the cell-sap 

on the enveloping cell-wall, must be carefully distinguished from the 

tension of the layers of tissue. Turgidity is caused by the substances 

dissolved in the cell-sap attracting the water which surrounds the 
cell by the force of endosmose ; the water accumulates within the cell- 

cavity by endosmotic attraction, and, exerting a pxessure on the inside of 

the cell-wall, places it in a condition of greater or less tension. 

The final results of the growth of the cell-wall caused by the various 
forces enumerated—its extensibility and elasticity, and the turgidity of 

the cell—is a measure of the rigidity or flaccidity of the plant or part of 

the plant. The total tension, for instance, is diminished, and the part 

becomes more flexible, when the turgidity decreases from loss of water, 

or when the elasticity of the stretched cell-walls diminishes, or when the 

cell-walls become more extensible, or, finally, when the inequality of the - 

growth of the different layers of tissue diminishes. When a change 
of this kind takes place on all sides, the part of the plant will be- 
come shorter or longer according ‘as the tension diminishes or increases ; 

but if it takes place on one side only, a corresponding curvature is 
caused. 

To complete the account of the forces at work in the plant, we must 

add to those already mentioned, which are peculiar to the molecular 

structure of their organised parts and to the phenomena of tension, 

others which are set free by the movement of water and of gases within 

the plant. Sufficient reference has already been made to the former 
under the head of nutrition. The latter class of movements is easily 
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explained by the continual interchange, through the medium of the 
stomata, of the gases formed in the intercellular spaces with the external 

air, and by the fact that in growing plants gases are continually passing 

in and out of the cells by the force of diffusion. A large number of 

very remarkable movements of plants and of parts of plants are at least 
to some extent explained by the co-operation of these forces; but a 

large number of others still require further investigation. 

The wonderful properties of protoplasm, to which atten- 

tion has already been directed, culminate in its spontaneous 
motility, in its capacity of assuming different forms, of 
changing its outline and its internal condition, and of thus 
calling into activity internal forces without any correspond- 
ing impulses being observed to act upon it from without. 
Good examples of this capacity are afforded by hair-like 
structures, such as the filaments of the stamens of Z7ades- 

canta, the stinging-hairs of the nettle, &c. ‘The movement 
of the protoplasm in these cells is apparently not subject to 
any definite law, sometimes advancing, sometimes retreat- 
ing, and sometimes suddenly ceasing. The protoplasm 

often makes for itself new courses in the cell-sap; but its 
motion appears to be dependent on the nucleus, round which 

it always flows, and often carries it along with it. When 
the protoplasm within a cell possesses this power of motility, 
it is not extraordinary that cells destitute of a cell-wall (pri- 
mordial cells) should have the power of moving from place 

to place ; and, in fact, the naked primordial cells of the 
Myxomycetes, which are termed /lasmodia, are endowed 
with the faculty of moving like an animal, and even, in the 

case of Athalium—the so-called ‘flowers of tan’—of creeping 
to the distance or height of several feet, as if endowed with 
voluntary power. It 1s, therefore, not to be wondered at 

that even till quite recently these organisms were considered 
to be animals; while at present they are assigned to an 
abnormal section of Fungi, to which class they are allied by 
the mode of formation of their spores. The rapidity of these 
‘ streaming ’ movements varies greatly ; the maximum appears 
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to occur in Didymium Serpula, where arate of 10 millimetres 
in a minute has been observed. | 

The antherozoids and swarmspores (zoospores) of many 
Cryptogams were long considered to belong to the animal 

kingdom ; and they actually show so close a resemblance to 

animals that they might well have been described as plants 
in the moment of their transformation into animals. The 

swarmspores of Alge are particles of protoplasm which break 

through the walls of the cells in which they are formed, and | 
swim about for a time in water like animals. It is only 
since it has been ascertained that they give birth, after a 
shorter or longer period of rest, to a plant of the same species 
as that from which they sprang, that their vegetable nature has 

been absolutely determined. ‘The internal forces by which 
these swarmspores (Fig. 385, p. 252), and the antherozoids 

(Fig. 371) which are endowed with motion of a similar nature, 

Fic. 371.—Antherozoids : I. of Nitella syncarpa (Characez. x 500); II. of 
Gdogonium gemelliparum (Algz. x 800). 

are enabled to perform their movements, are still unknown ; 

but they are certainly connected with the vibratile cilia, or 
minute threads of protoplasm of different lengths and vari- 

able number, the vibrations of which set the body in 
motion. But it must be admitted to be a most wonderful 
contrivance for the maintenance and propagation of a 

number of vegetable organisms. 
Neither swarmspores nor antherozoids are provided with — 

a cell-wall—or, at all events, with only an extremely delicate 
one— during their period of motility. Still more remarkable 
than these must, therefore, be considered the movements of 

the Diatomacee, | Desmidieze], Oscillatorieze, Spirulineze, and - 
some other organisms which are enclosed in a complete cell- 
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wall, or even in a hard siliceous coating, as in the case 

of the Diatomacez ; but it is believed that the cause of. 

their active creeping motion must be that the protoplasm 
projects through their shell at certain spots, and can be put 
out and withdrawn like a foot. The Oscillatoriez consist of 

long filaments which often oscillate rapidly ; and the Spiru- 

lineze are filaments of similar form which coil about in a 
great variety of ways. The cause of their movements has 

not been ascertained. 

Vutatzon is the term given to those curvatures which cause 
parts of plants that are growing in length to assume suc- 
cessively different directions without any apparent external 
cause. Examples are furnished by the flowering scapes of the — 
onion, AMium Cepa, which, before they attain their ultimate 

length, bend slowly first to one side and then to another ; or 

still better, by climbing stems. In these, such as the hop and 
the scarlet-runner, the first internodes do not twine ; but when 

the apex of the stem hangs down in consequence of its 
weight, it begins to revolve in a circle, and thus to approach. 

the support which it afterwards embraces. The earlier coils 
are hence looser than the later ones, which embrace the sup- 

port more closely. These curvatures of nutation appear, in 

general, to take place at the spots where the tension of the 
tissues 1s the greatest, and to be caused by the growth in 
length being greatest first on one and then on the other side. 

Parts of plants which are growing in length sometimes 
become, by long-continued close contact with a solid body, 
firmly attached or adherent to it. . Instances are afforded in 

the adhesion of pollen-tubes to the stigmatic hairs and to 
the internal wall of the ovary ; and in the climbing and turn- 
ing of the tendrils of many plants round slender supports. 

Tissues in a state of tension become relaxed by con- 
cussion. Parts of a great number of plants, when in a state 
of active growth, undergo a diminution of the elasticity of 
their tense tissues by violent shaking, repeated bending, a 
blow on one side, or sometimes even simply by stretching, 
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the tissues thus becoming flaccid, and the parts becom- 

ing elongated and bent. These facts can easily be 
established by experiment, very clearly by simple observa- 
tion of rapidly growing plants shaken by violent winds, 
when, though apparently injured, they are not generally so 
in reality. In other cases of a similar kind the extensibility 
of the parenchyma is diminished, and a flaccidity, shorten- 
ing, and curvature of the organs occasioned. These changes 
are probably the cause of the movements of zrrztabzlity, as 
it is termed, of some leaves; although these phenomena 
may also be due to other causes, such as electrical shocks or 

currents. The most remarkable instance occurs in the leaves 
of the sensitive plant, I/imosa pudica. The bipinnate leaves 
of this plant are united to the stem by an articulation, as 
also are the four pinne and the separate leaflets to their 
petioles (see Fig. 517, p. 403). The primary petiole has the 
greatest scope for movement, since it can rise or fall to 
the extent of a semicircle. The pinnz move upwards and — 
laterally, so that they lie upon one another lke parts of a 
fan. ‘The secondary pinnules move upwards, and close up 

like the wings of a butterfly at rest. The sensitive plant — 
closes its leaves spontaneously in the evening, and also in 

the day-time when excited by any irritation: This irm- 
tability is only manifested when the temperature of the 
surrounding air is above 15°C. ; it 1s still weak between 16° 
and 18°, and appears to reach its maximum at 30°C. At 
that temperature the plant is so sensitive that the move- 
ment is communicated to a number of leaflets almost simul- 

~ taneously ; while, when the sensitiveness is less, the move- 
ment advances regularly from the irritated spot. The 

closed leaflets again assume their normal position when the 
irritation ceases, if it has not been too strong and conse- 
quently had an injurious effect ; and this takes place sooner 
or later according to the vigour of the plant, commencing 
sometimes in as short a time as five minutes. Poisons 

often kill the sensitive plant; anzesthetics, such as ether 
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or chloroform, usually temporarily paralyse it; and con- 
stant repetition of the irritation is followed by a diminution 
for a time of its sensitiveness. It is probable that the tissue 
of the lower side of the pulvinus, or mass of succulent tissue 
found at the articulation, contracts after irritation such as 

that produced by simple contact, its cells losing a large 
portion of their cell-sap, and thus becoming less turgid, 
and giving space for the expansion of the tissue of the 
upper side. A depression is thus caused of the leaf 
which is attached to the articulation ; and this is not coun- 

teracted by the vascular bundles in the pulvintis in con- | 
sequence of their flexibility. A fresh flow of sap into the 
part of the tissue which was previously emptied then 
causes a fresh elevation of the leaf. 

Venus’s fly-trap, Dionza muscipula (Fig. 372), a bog- 
plant of N. Carolina, manifests a similar irritability. When 
the upper side of the leaf, through which passes a strong 
mid-rib, is irritated, the two halves of the leaf close together, 

and remain closed until the irritation has ceased. If, there- 

fore, a small insect, such as a fly, settles upon the leaf, it 

becomes shut in, and is retained between the halves 'of the 

leaf until it is dead, and no longer exercises any irritation 
upon it. Itis believed by some botanists that the object 
of the capture of the insect is the nutrition of the plant. 
|The sensitive part in this case appears to consist of three 
small bristles on each half of the upper surface of the blade. ] 

Closely connected with these movements are those be- 
longing to fendrifs and tendril-like organs. In their early 

state, before they have coiled up backwards or have clung 
to a support, these organs are sensitive to simple and slight 
contact or to very light rubbing, the side on which they are 
touched becoming, after some minutes, concavely curved. 
The bent tendril subsequently straightens itself, and is then - 
again irritable. Bent tendrils are sensitive only on the con- 
cave side. | 

The stamen of many Composite, such as Centaurea, 
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contract when irritated before pollination. In this case the 
cells are probably altered in form by the contact, becom- ; 

ing shorter and broader. The stamens of Berberts,when 

rd 

Fic. 372.—Venus’s fly-trap, Dionea muscipula (natural size). . 

touched on the inner side, spring violently against the pistil, = 
and place their anthers in contact with the stigma. The 
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stamens of the grass of Parnassus, Parnassia palustris, 

lengthen in succession, and place their anthers on the 
stigma. 

The stigmas of some plants, as Azgnonza, Grativla, 

Martinia, |Mimulus|, &c., which are expanded at the time 

of pollination, close on contact. A similar phenomenon is 
exhibited by the stigmas of Zorenza astatica, which close 
immediately after pollination, open again in a few days, but 

_are then insensitive to further contact. A fuller discussion 
of the mechanism of these movements would take too much 
space ; but with regard to their purpose, it is obvious that: 
they are all closely connected with the sustenance and pro- | 
pagation of the plant. 

Those parts of plants in which there is generally a ten- 
sion of the tissues exhibit a constant increase and decrease 
in the degree of tension. Under the ordinary conditions of 
life, in which plants are subject to the alternation of day 
and night, the intensity of the tension declines from morn- 
ing till noon, and rises during the night, attaining its maxti- 
mum in the morning. The most beautiful illustration of a 

movement of this nature, and the most independent of ex- 
ternal influence, is furnished by the telegraph-plant, Des- 

modium gyrans,a southern Asiatic shrub. The leaves of 

this plant are trifoliolate, the central and largest of the three 
leaflets moving only in sunshine, and assuming besides 
different positions by day and by night; while the lateral 
leaflets, which are about one-sixth the size of the middle’ 

one, perform almost uninterrupted oscillations whenever 

the temperature exceeds 22° C., their apices describing 
an ellipse. These oscillations, which are often very active, 
so as to recur several times in a minute, do not, however, 
proceed uninterruptedly, but spasmodically, as if the plant 
were continually acquiring new strength, or overcoming an 

obstacle. Other species of the same genus show similar but 
less active movements. The most remarkable feature of 

these periodical movements is that they are apparently in- 
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dependent of external circumstances ; the motile condition — 
—but not the movements themselves—depends on the 

temperature, the degree of light, and the amount of water 

contained in the tissues. ‘They always result from a period- 

ical alternate lengthening and shortening, first of one, then 
of the other side of the motile organ. 

Periodical movements are manifested in many other 
plants, especially in a strong curving upwards and down- 

wards of the part, and then bring about what are com- 

menly known as the durnal and nocturnal, or waking and 
sleeping positions. These phenomena are exhibited es- 
pecially in the trifoliolate and pinnate leaves of many Legu- 
minose and Oxalidez, which at night depress their common 
petioles or the laminz of the leaflets, the latter lying or 
closing upon one another in a variety of ways. The flowers 
of some other plants, as, for instance, emerocallis, close 

regularly in the evening, and open in the morning. Others, 
again, like the marigold, become erect after rain ; in clear, 

dry weather, they expand their capitula between six and 
eight in the morning, and close them between four and six 
in the afternoon ; whilst when the sky is perfectly cloudy, 
or in rainy weather, they remain altogether closed. , 

The regularity with which these movements are in general performed 
is so great that Linnzeus invented from them a ‘ floral clock,’ on which, 

however, too much dependence must not be placed. He made a list 

of a number of plants, the flowers of which open and close at a particular 

time of theday. Thus the flowers of the goatsbeard, 7 ragopogon pratensis, 

open from 3 to 5 A.M. ; of the chicory, Czchorium Intybus, from 4 to 5 ; 

of the dandelion, from 5 to 6; of the lettuce, after 7 ; of the pimpernel, 

Anagallis arvensis, after 8; of Calendula arvensis, from 9 to 10; of 

Hemerocallis flava, from 10 to 11; of the tiger-lily, 7zgridia pavonia, 

from 11 to 12; those of Hieracium murorum close after 2 P.M. ; of 
Anagellis arvensis after 3, &c. 

These periodical movements are often confounded with 
the curvatures of periodically motile organs, caused by their Bt 

exposure alternately to a greater and less intensity of light. = 
Thus, for example, sudden removal of light causes the { 
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leaflets of the bean to be depressed, those of the clover to 
be bent sideways; while sudden exposure to light, or in- 

crease in its intensity, produces the opposite effect. The 

leaves of Oxalis, on the other hand, assume the nocturnal 

position in direct sunlight. Curvatures of this nature, | 
caused by light, are called paratonic. 

While paratonic curvatures are caused only by the pre- 
sence or absence of light, and are independent of the direc- 
tion in which the light falls upon the plant, the contrary is 
the case with Aeliotropic curvatures, which occur only on the 
side from which the strongest illumination comes. If the 
side which faces the source of light curves concavely, the. 
effort after light, or Aelotropism, is said to be positive ; if 
convexly, it is zegatzve. The former phenomenon is ex- 
hibited by most internodes of erect stems which are in ac- 
tive growth, and especially by petioles, which by this means 
place the surface of the leaf in such a position that it will 
receive the greatest possible amount of light. It may be 

seen very strikingly in plants grown in a window, which at 
length become quite crooked, from their young parts which 
face the light becoming ngid in this position, Com- 
paratively few parts of plants are negatively heliotropic ; 
examples occur in the tendrils of the grape-vine, and in 
older branches of the ivy, which by this means become 
firmly adpressed to their support. Heliotropic curvature 
does not contract the part of the plant; but in positive 
hehotropism the shaded side elongates from more active. 
growth more rapidly than the side which faces the light ; [in 
negative heliotropism the reverse]. _ 

One other phenomenon must be mentioned in this con- 

nection, 72z., that known as geotropfism, or the tendency to 
grow away from or towards the centre of the earth. Parts 
of plants which are still growing in length tend to place 
themselves in such a position that the direction of their 
growth is vertical, or coincides with the direction of the 
force of gravitation. If the growing part consists of tissues 
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in which there is no tension, as is the case with tools; it ‘oul See 
simply follow the direction of gravitation, and its apex will _ 
direct itself vertically downwards. But when the growing part eu 
consists of layers of tissue ina state of tension,a change 
takes. place in the tension of the tissues and in the direction  — 
of growth, which causes the under side of the curved part 
to grow more vigorously than the upper side, and conse- ~ 

quently tends to force the apex upwards. The erect growth 

of most stems is a result of this force of geotropism. — 

GENERAL CONDITIONS OF PLANT-LIFE.! 

Very little is at present known with regard to the general 
bearing of plants as respects Aeat; for example, with re- 

gard to their power of conducting heat, or to the changes 
in volume of masses of tissue and individual cells through 
the influence of temperature ; but somewhat more on the 

influence of different degrees of temperature on the various 

vital phenomena of plants. On this point the following 

important laws have been established :—All functions of the 
organs of a plant are brought into play only when the tem- 

yerature rises to a certain height above the freezing-point of 
the sap. When the temperature begins to rise above this 
lower limit, the functions begin to be exercised with an 
increasingly greater energy, until at a certain height the 

point of the greatest vital activity is attained. With a 
further increase of temperature above this point, both the 
rapidity and the energy of the functions again decrease, 
until, at length, they completely cease at a definite maxi- — 
mum of temperature, which can apparently never be per- . 
manently higher than 50° C. ‘ ay 

Beneath a covering of snow, or at a temperature below zero C., oe 

scarcely anything grows. The few perennial plants which blossom with us in 

1 This section is taken in the main from Sachs’s 7extbook of Botany, 
Book ITI., chap. i. . 
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the winter, as the Christmas rose Sad hepatica, frets when the tempera- 

ture falls below zero at any stage of their growth, which begins again 

as soon as they thaw. ‘The extraordinarily rapid growth of Alpine 

and Arctic plants in spring depends on a long anterior development of 
their floral organs in the preceding autumn. ‘The green sods and the 

great number of leafy plants which appear as soon as snow melts, only 

show that the number of evergreen plants is larger than is generally 

supposed. Growth is entirely dependent on the atmosphere ; hence 

the blooming of willows and rhododendrons whose roots and stems are 

still frozen, as well as the development of the so-called ‘ red snow,’ the 

Alga Protococcus (Palmela) nivalis, on the surface of the snow. Neither 

the lowest nor the highest temperature at which plants can exist has yet 

been determined. It would appear, however, that water must not be 

above 40° C. for plants to be able to live in it. Plants living in the 
air, on the other hand, will endure for some time a temperature of from 
48° to 49° C. ; at 51° they.are killed in from 10 to 30 minutes. ! 

The growth of the embryo at the expense of the reserve-materials 

stored up init, begins, with wheat and barley, at about 5° C.; with 

the scarlet-runner and maize at 9°°4; with the pumpkin, Cucurbita Pepo, 

not below 13°°7 C. But when the reserve-materials have been. con- 

sumed, a higher temperature is apparently always necessary to enable 

srowth to proceed by means of freshly assimilated material. The 

highest temperature at which germination can take place is about 

42° C, for the scarlet-runner, maize, and pumpkin ; 37° to 38°C. for 

wheat, barley, and peas. 

The lowest temperature at which the chlorophyll-bodies turn green 

is above 6° C. in the scarlet-runner and maize; between 7° and 11° 

C. for Pinus pinea ; and the highest at which leaves already formed. 
and still yellow turn green is above 33° C. The cold of winter often 

occasions a winter-colouring in evergreen plants. This is caused: (1) 

by a brown colouring, in consequence of a peculiar transformation of the 

blue-green constituent of chlorophyll, as in Conifers: and the box ; 

(2) by a red colouring, in consequence of the formation of a red pig- 

ment soluble in water and imbedded in balls of tannin, as in A/Zahonia; 

(3) by a change in colour of the chlorophyll itself by the shifting and 

collecting into masses of the grains of chlorophyll; this occurs in all 

plants. A higher temperature restores the normal condition. _ 

The exhalation of oxygen and consequent assimilation begin, in 

1 [A few Algze of low organisation appear to be able to withstand a 
temperature of nearly or quite boiling water ; as do also some F ungi, 
as Bacteria, and fungus-spores.—ED. ] 

BP 
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The sensitiveness and periodical movements of the leaves af the 
"sensitive plant do not begin till the temperature of the surrounding air < 

. exceeds 15° C. ; the rapid periodical movements of the lateral leaflets < 

iof the leaf of Disses gyrans only at a temperature above 22° C. 

The action of higher temperatures on the sensitiveness of the leaves 
of Mimosa depends on the continuance of the warmth ; in air of 40° 

C. they become rigid within an hour; at 45° C. within half an hour ; 

at 50° C. ina few minutes, but may again become sensitive when the ~ 

temperature falls. A temperature of 52° C. causes permanent loss of 
motility and death. 

The lower limit of temperature for the motility of the protoplasm , 

in Witella syncarpa is zero ; for the hairs of the pumpkin Io~ to 11° C, 

_ The upper limit is 37° C. in the former case ; in the latter the current is 

arrested within two minutes when immersed in water of 46° or 47° C. ; 

in water above that temperature within a minute ; in the air, exposure 

to a temperature of 49° or 50° C. for ten minutes does not stop the 

current. 

The absorption of water through the roots is also sub‘ect to certain 
limits of temperature. The roots of the tobacco and pumpkin, for 

example, do not absorb sufficient water in a moist soil of from 3° to 5° 
C. to replace the small loss caused by evaporation, the leaves hanging | 

in a flaccid condition in consequence of the cessation of their turgidity. 
The rapidity and intensity of the vital functions are not in proportion 

to the increase of temperature. The rate of growth of the roots of a seed- 

ling of maize attains its maximum at 27°-2 C. ; of the pea, wheat, and 

barley at 22°°8 C. The sensitiveness of the leaves of AZimosa reaches 

its maximum at 30° C.; the rapidity of the movement of the protoplasm ~ | 

in Nitella syncarpa at 37° C. 

If the limits of temperature mentioned above are passed, 

the vital functions of the plant may simply come to rest, 
as is the case with perennial plants during the winter season; 

or permanent changes are brought about in the plant or in 
parts of it, resulting in injury or death. The fatal injury in- ee 

flicted on cells, both by too high a temperature and by 
freezing, is a consequence of their containing water. = 

Air-dry peas can resist a temperature of over 70° C. for above an 

hour without losing their power of germination ; soaked in water for rs | 

an hour and exposed to a temperature of 53° or 54° C., they are 
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killed. The cause of death may be partly the coagulation of the al- 

-buminoids, while the decomposition of the cell-wall is perceptible only 

at higher temperatures. Air-dry seeds appear to be able to withstand 

any degree of cold without injury to their power of germination. The 

winter-buds of woody plants, the cells of which contain a great quantity 

of reserve-materials but only a small quantity of water, withstand the 

cold of winter and frequent rapid thawing ; while the succulent leaves at 

the time of their unfolding in the spring succumb to a slight night-frost. | 

Many plants, such as Lichens, Mosses, Fungi of a leathery texture, the 

mistletoe, and some others, appear never to freeze ; while, on the other | 

hand, many flowering plants from a southern climate are killed by rapid 

changes of temperature near the freezing point. Whether the tissue of 

a plant can be killed simply by the solidifying of the water of its cell- 

sap into crystals of ice is uncertain ; while, on the other t.and, it is un- 

questionable that in a great number of plants death is caused only by 

the mode in which the thawing takes place. The same tissue which 

retains its vitality if thawed slowly after freezing, becomes decomposed. 

if thawed rapidly after exposure to the same degree of cold ; so that 

death is evidently in this instance the result not of the freezing but of 

the thawing. Moreover, the lower the temperature at which the freez- 
ing took place, the sooner is the plant killed by the freezing as well as 

by the thawing. A common but not invariable result of the freezing of | 

the cell-sap is that internal cells or layers of tissue are ruptured ; but 

these internal rupturings do not, as was once supposed, always cause 

death ; they have as little to do with the destruction of the life of the 

cells by cold as the splitting of the branches of the trees caused by 

frost, which, when the temperature falls very low, is produced by the 

contraction of the bark and outer layers of wood, the crevices again 

closing when the temperature rises. The phenomena of freezing are, . 
however, at present but imperfectly understood. 

The entire hfe of the plant depends on the action of 

fight on the cells which contain chlorophyll, since this action | 

is essential to the formation of new organic compcunds out 
of the absorbed nutrient substances. But when a certain 

quantity of assimilated substance has been produced under 
the influence of light, a long series of vegetative processes 
may be carried on at its expense without any further direct 
action of light. 

The growth of new organs and the metastasis connected with it 

which takes place in the parts that do not contain chlorophyll, and 
rez 



hte is maintained iy the pre ocess “of esotanba is toa “certain. ‘extent — 

‘remaining still exposed to light, the buds will continue to develope in 

to collect where there is a medium intensity of light, avoiding both deep 

brightest light. Finally the normal habit of plants is altogether de- 

termined by the direct influence of light. The internodes of the stems \. © 

Pee Sy 

independent of light, as is shown by the germination in the dark of | 
aA ¥, Foot 

"seeds, tubers, 2nd bulbs. But even leafy plants which have accumulated a a4 

a sufficient quantity of reserve-material in the light, put out shoots, and | 

even flowers and fruits, when placed in the dark. If, for example, the & : 

growing end of a branch of a green-leaved plant, such asa pumpkin or 
Tropeolum, is made to grow into an opaque receptacle, the green leaves | 

the dark, and new leaves and flowers to be formed which attain their Pe 

full size and colour, the latter even producing fruits and fertile seeds. 
It is only rarely that the seclusion from light produces any perceptible => 

effect on the development of the plant ; though sometimes the flowers | 

which are produced in the dark have an abnormally light colour. All 

this takes place at the expense of the food-material conveyed to them | 

through the stem, which had been previously assimilated by the leaves ex- 

posed to light. In the same manner the underground parts of parasitic 

plants, or those otherwise secluded from the influence of light, carry 
on their existence to a certain extent independent of light; but are 

nevertheless indirectly dependent upon it, because they are nourished 

by substances which could only be formed under the influence of light. 
~The earliest development of the plant seems to.be even promoted by 

the absence of light or by shade. ‘Thus, for example, roots are formed - 

on the stems of Cactus, Tropeolum, &c. which grow in the dark, where 

‘they would never be formed in the light. The lower Algz assimilate  — | 
in the daytime, and form swarmspores in the night, or, when placed in 

the dark, even in the day-time. The movement of the protoplasm on 

which the formation of the swarmspores depends is not caused directly ieee 
by the influence of light, but is rather interrupted by it. The direction 

of the movements of the swarmspores stands, however, in a definite 

relation to light, their anterior end being always turned towards it. It 

has, nevertheless, been observed in some cases that they have a tendency 

shade and bright sunlight. The chlorophyli-bodies enclosed within 

cells are subject, in some plants, as Sagzttarza sagittefolia, to a change } 

of position, being carried by the currents of protoplasm to the region of + — 

of bleached or etiolated plants grown in the dark are often elongated to 
ten or twenty times their ordinary length ; while leaves of Dicotyledons ; Cas 

and Ferns, which are normally broad and branched, remain, when x 

grown in the dark, remarkably small, Under these circumstances the = 

20 

“ 

lamina of the leaf of Zropfeolum attains scarcely from 4 to 4% of its og 
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normal size; the leaves of ferns do not even unfold, and attain only, 
1 Tas OF EVEN yG55 of their normal superficial development in the light. 

White daylight consists of a mixture of rays of light, 

differmg in their colour and their refrangibility ; and it 
might be expected that the action of the different rays on 
the vital processes of the plant would not be the same. 

This is illustrated by the accompanying diagram (Fig. 373). 

ee ee ee ee, Brightness. : 

bp eee ose emer A ccimilation 

Fic. 373.—Diagrammatic representation of the efficacy of rays of light of different 
refrangibility in causing evolution of oxygen, compared with their brightness and 
heating power. ‘The solar spectrum A H serves as a base on which Fraunhofer’s 
lines are indicated ; A and B lie in the red light, c on the border of the orange, pb 
in the yellow, # in the green, F in the blue on the border of the green, G on the 
border of the indigo and violet, H in the violet. The height of the three 
curves, of Heat, Brightness, and Assimilation, at any point, represents the inten- 
sity of the action. Thus assimilation is still slight at G on the border of the violet 

-and indigo, and attains its maximum between D and E on the border of the yellow 
and green, then diminishing, and ceasing at a on the border of the red light. 
It is seen that the process of assimilation neatly coincides with the subjective — 
brightness as shown in the colours of the spectrum, while the curve of heating: 
power takes a totally different course and attains its maximum at a point where 
the eye is unable to perceive any light, and where no process of assimilation goes 
on in the plant. ! 

The most important chemical process in the plant, the decomposition 
_ of carbon dioxide in the cells which contain chlorophyll and the elimina- 

tion of oxygen resulting from it, proceeds almost as energetically as in 

white daylight, in a mixture of orange, yellow, and green light which 

acts only slightly and very slowly on photographic paper. Blue, violet, 

and the ultra-violet rays, on the contrary, which at once colour photo- 

graphic paper a deep brown, have no or very little effect on the elimina- 

tion of oxygen.’ ‘The same relationship towards light has been shown 

1 It is an established mode of expression to speak of the blue, violet, 
and ultra-violet rays as the chemically active, because they are efficient, 
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~ ‘to exist -in the fortialion of starch in the grains of Soo in — pe 

case of some Algz; and the starch already formed in the chlorophyll Re ish, 

“of Monocotyledons and Dicotyledons may be produced by rays belong- 

ing to all parts of the spectrum ; but the action of the yellow raysis by 

-on the change in the tension of the tissues by which positive heliotropic 

/ 

- ments of the leaves of various plants, as the scarlet-runner and Oxalis. 

even disappears in a mixed blue light as in the dark. The green colour ‘ 5 Oa 

far the most powerful ; the red and the green have less power, while hala 

the blue, violet, and ultra-violet act very slowly. The action of light ~~ 

curvatures are brought about, belongs to the more refrangible (blue and 

_ violet) rays; the red and orange appear to be altogether inefficient. s z 

The same is the case with paratonic irritation and the periodical move- » 

On the movement of swarmspores the less refrangible (red and orange) 

rays act like darkness, while the direction of the movement is deter- = 
mined by the blue and by the still more refrangible violet and ultra- » 

violet rays. 

~ chemical properties in adjoining cells, the diffusiom of salts from cell to 

_ cell, their decomposition, the evolution of oxygen from cells con- 

between the surface of roots saturated with sap and the surface of the 

- protoplasm, and hence of the plant. (ie ae 5 

fe colouring of photographic paper, &e. But with reference to the vital Se 
- peocesses of the plant this term is inaccurate, and ought to be abandoned. Erte 

Light from other sources than the sun, as s that of lamps of various ms eo 

kinds or of a body glowing in an electric current (lime-light), appears, 

from observation, to have the same effect as sunlight, provided that the 

intensity and refrangibility of the rays are the same. 
The chemical processes within the cells of a plant, the molecular — 

movements connected with growth, and the internal changes on which 

the activity of the protoplasm depends—-whether exhibited in the 
formation of new cells or in motility--are probably connected with 

disturbances of the electrical equilibrium. The fluids of different 

taining chlorophyll, the formation of carbon dioxide in growing organs, 

and the process of transpiration :—all these vital processes must produce 

electrical currents ; although this fact has not yet been experimentally 

determined or accurately investigated. It has, however, been established 

that the internal tissue of land-plants is always electro-negative to the 

strongly cuticularised surface, and that a similar relationship subsists pes 

stem and leaves. Electrical currents which are not too strong only “e 

temporarily arrest the motility of protoplasm and the movements of the 

sensitive parts of plants, while stronger currents destroy the life of the —— 

in the combination of chlorine and hydrogen into hydrochloric aeid, tonte ot 
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Since gravitation acts uninterruptedly on every part of the plant, 
all the parts must be so contrived as to diminish the influence of this 
force ; and we find, in fact, in the organisation of the plant, a number 

of contrivances for this purpose. ‘The firmness and elasticity of the 
wood of erect stems ; the uniform distribution on all sides of the weight 

of the foliage and of the branches; climbing and twining internodes 

which are sensitive to contact, and the various other contrivances that 

enable slender stems to climb which could not otherwise maintain 

themselves in an erect position under the weight of their leaves ; the 

floating apparatus of floating plants, such as the air-bladders in. the © 

fronds of Hucws and in the leaf-stalk of Zvapa, and those of Utricularia 

(Fig. 356, p. 185), the floating apparatus, such as the pappus or wings » 

of many seeds and fruits ; and a number of other specialities of organisa- 

tion, all serve to counteract the weight of the plant, and to prevent its 

sinking to the ground where this would be unfavourable to the other 
functions of the plant. Under the head of the tension of tissues it has _ 

alrcady been mentioned that young and weak plants in which there is — 

no tension tend to grow downwards in accordance with the force of 

gravitation ; while those in which there is tension have a tendency to 

grow erect; and this is the reason why roots in general grow down- 
wards and stems upwards. But the influence of gravitation on plants. 

is not yet exhausted, since it opposes a resistance to all internal move- 

ments, such as those of water and of the cell-sap whenever their direction 

is upwards, which resistance the plant must overcome by its internal 

forces. Light and gravitation are the forces which give to the separate 

parts of plants, such as the stem and leaves, their normal position, 
whether erect or horizontal, and therefore, along with the arrange- 

ments of the buds and leaves, impart to plants what is termed their 
Habit. 

From. the infinite variety of the conditions of life, it is 
evident that plants must possess a certain power of adapta- 
tion to their external conditions. 

This is seen especially clearly in amphibious plants, which live 

sometimes in water, sometimes on dry ground ; and in climbing plants. 
Thus for example, the terrestrial form of Polygonum amphibium, with 

its erect stem and shortly-stalked narrow hispid leaves, is easily trans- 

formed, by simply transplanting into water, into the floating form with 

floating long-stalked glabrous leaves. The branches of the terrestrial 

form then soon cease to grow, their leaves dry up, and the new plant 

of the floating form is developed from the rhizome. 
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ABNORMAL VITAL PHENOMENA AND CONSEQUENT = 

ABNORMAL DEVELOPMENTS. | | Ree 

_ That section of botany which treats of the abnormal 
vital phenomena and the consequent abnormal developments  — 

of plants, is called Vegetable Pathology; and may be divided. 
into two subdivisions, 7eratology or the study of malforma- 

- tions, and /Voso/ogy or the diseases of plants. ‘The formeris 

concerned with deviations from ordinary structure in the ae . , 

organs of the plant, the latter with variations in the vital | ay 
functions. ‘This whole subject, therefore, independently of ‘a 

its practical importance, is also of great scientific interest, 

the former part especially in relation to morphology, the 
latter to ‘physiology. It is, however, impossible to draw 
any sharp line of demarcation between malformation and . 

disease, and often one cannot be conceived mito the 

other. 

The causes of the phenomena now under consideration 

he in a want of conformity of the plant, partly to the con- 

ditions of its environment, partly to those of other plants, 
and partly also in injuries inflicted by animals. In a cer- 

tain sense also, treatment by man may be a source of ab- 
normal vital phenomena; inasmuch as he prescribes the 

conditions in which the plant shall grow. Most cultivated 
plants live in conditions which were foreign to their uncul- 
tivated ancestors, and they have frequently undergone such 

change that their parentage cannot be recognised.  It.is, 

indeed, often the object of cultivation to cause such devia- 
tions. Thus, the brussels-sprout is cultivated on account 
of the monstrous edible thickening of the stem, and the 
cauliflower on account of its peculiarly metamorphosed in- 1 

florescence. A very high cultivation produces, however. other 

modifications besides those aimed at and less desirable in ‘ of 

themselves. ‘Thus, there is no doubt that the cultivation of 
- fruit-trees has resulted in an enfeeblement of their vege 
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tative organs, ane a shortening of the duration of their lives. 
The same is the case with these plants which man has 

transplanted from warmer to colder climates or the reverse, 

or has attempted to acclimatise. In order to understand 
this, it is only necessary to observe the weakly specimens of 
tropical plants in our conservatories, and to compare with 
them drawings made in the primeval forests of their native 
country. In short, it may be assumed that all cultivated 
plants are, to a certain extent, disposed to deviate from 

their ordinary structure ; and it cannot, therefore, be won- 

dered at, that they are especially liable to OBIS and 
- diseases. 

Attention must first be directed to those deviations 

which are caused by atmospheric influences, or by the 
nature of the soil. Light, warmth, and moisture, as well as 

the nature and chemical composition of the soil, are here - 
the active factors ; but as to how these act very little is at 
present known, except what has already been said in the 
section on the general conditions of plant life (see p. 208). 
The changes brought about by these influences affect the 
size and number, the arrangement and shape of the indivi- 
dual organs, in short, the external form of the plant; but 

they also cause an abnormal activity of cells, from which 
results a more or less complete disturbance of metastasis 

and of the processes of life. 
The change in size may be partly due to abortion, partly | 

to an abnormal increase in size of the organs. The abortion 
of the primary axis shows itself, as a rule, only in the form 
of dwarjing, that of larger or smaller branches occurs in its” 
purest ae in the production of sfzmes. Several families 

of plants, such as the Rosacee, are especially distinguished 
by the frequency of branch-spines whenever the species 

grow on sterile ground. Like the branches, the leaves can 
also degenerate into spines. Thus, many species of Ber- 

berideze and Grossularieze develope spines in the place of 
particular leaves ; and these often, as in the gooseberry, 
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remind one in their form of the three or Fives fabed ey 

- The abortion of leaves does not, however, always lead to a 

the production of spines. In many species of acacia the 5747) 
lamina is so little developed, that often nothing remains — 

but the petiole, which is then called a phyMode; and in 

some species this transformation of the leaf 1s so common 

that it can scarcely be considered as abnormal. — All these 
peculiarities, so far as they are not hereditary, ze trans- 
mitted through the seed, are due to the poverty of the soil. 
As poverty of soil leads to abortion, so an unusual increase 
in development of the axial or foliar organs is usually the 
result.of too powerful nutrition ; either the transmission of 
nutrient substances frem the soil is in itself too abundant, 

or a want of due proportion between the parts above 

and below the surface 1s caused by too vigorous cutting 
away of branches or leaves. ‘The latter course is generally 

pursued by gardeners, who aim at obtaining unusually 
large fruits or flowers by cutting away blossoms, young 
fruits, leafy shoots, &c. Finally, it has already been stated 

that an unusual development of the stem may result from a 

deficiency of light; and this is always the case in the 
etiolated parts of many plants. 

Abnormalities in the number of organs are not un- 

common. In the clover, for example, an increase in the 

number of leaflets of the normally trifoliolate leaf is frequent. 
In the dédoublement or ‘ doubling’ of flowers again, to which 

- more particular reference will be made hereafter, in addition 
to the transformaticn of one of the floral organs into— 

another, as stamens into petals, there 1s generally also a 

-multiplication of the floral whorls ; for example, in ee 

of a single whorl of stamens, two whorls of petals, &c., 
happens in the pink, which has normally only five vetada ag 

and ten stamens, but when double, often twenty or more 
epetals” The change in the relative number of parts is not . 
however, always in the way of increase, but as often, per-* 

haps, of a ee of the number of the organs concerned. ey 
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Every part of the plant has, when young, the power of. 
adhering to others in its growth, and does actually do so 
whenever its formative tissue or cambium comes into con-’ 
tact with that of other parts. This fact, so important for 

the processes of grafting, budding, &c., is also of some 
importance in this connection, because very peculiar 
malformations often result from such adhesions in growth 

between neighbouring plants or parts of plants. It is very 
common, for instance, to find the pinne of Gledt¢schia tria- 

canthos united with one another in such a manner that the 

bipinnate leaf becomes a simply pinnate or even a simple - 
leaf. Separations of organs which are normally united in 
their growth also sometimes occur. If, for example, a mal- 

low is made by prolonged cultivation to become double, 
this change begins by the filaments which were previously 
united into a single bundle separating from one another, 

each stamen then becoming transformed into one or more 

petals. eae 

Of much greater importance than changes in the — 
number, size, and position of the parts of plants, are those 

which relate to their form. The most common and in-. 
teresting change of this kind in the stem is the phenomenon 
known as /asceatzon. This consists either in the stem be- 

coming flattened, and hence assuming a ribbon-like form, - 
or in its beginning to divide irregularly into a number of 
branches, which at once coalesce laterally with the main 
branch, |or from the cohesion of a number of buds]. Fasci- 
ation occurs especially im ground that has been excessively | 
manured, and hence very commonly in cultivated plants. 
In them it is often inherited through the seeds, as, for ex- 
ample, in the garden-plant known as ‘coxcomb,’ Ceosta 
cristata, and in the cauliflower, in which the thickened 
fleshy branches of the inflorescence have coalesced to form 

a head or mass covered in the upper part with abortive 
flowers. As in the last case, abortion is almost always asso- _ 
ciated with fasciation. For while the fasciated part of the 



j 

Res 

NG BaGK is pructupad hd Ph ysiological Botany. 

Stem beoanics itself inordinately developed, the buds whee 
are normally produced on it in large numbers either remain 

_ taltogether dormant, or give rise to weak immature organs 

or a few fasciated or, less often, separate branches. The 
terminal bud almost invariably ultimately Gisappears. Fascia- 

tion is frequently associated with curvatures, causing the 
production of peculiar forms resembling sickles or crosiers, 

ae _ as 1s not uncommon in the willow and ash. 

Far more numerous are the changes in form whidl 

affect the leaves. ‘These may be classified into Metamor- 
phosis of Leaves, Peloric Formations, and true Changes of 

ob OFYN, 

oe Goethe was the first to propound the theory, though 

somewhat poetically, that all the organs of the higher plants 
can be referred back to a single, or at least, to a very small 

number of fundamental forms ; that, in fact, every organ is 

either axial (stem), or foliar (leaf), or is compounded of 
these two. ‘That this is actually the case is shown, not only. 

- by the history of development, but also by a close investiga- 

tion of those abnormal processes which are called metamor- — 

1 phosts. According to Goethe a foliar organ must be con- 
"sidered the more highly developed the higher it stands on 

the axis of the plant, the nearer therefore it is to the centre 
| of the flower; and an ascending series can be constructed 

‘ as follows :—Leaf-spine |Leaf-scale], Foliage-leaf, Bract, 
 Sepal, Petal, Stamen, Carpel. The metamorphosis may be 

either progressive or retrogressive, according as the trans- 
Al _ formation of the foliar organs takes place in the direction of 
a higher or lower member of the series. Instances of re- 

ae trogressive metamorphosis are furnished by the production of 
_ Jeaf-spines and leaf-tendrils already mentioned, which may 

| be considered as consisting essentially in an abortion of the 
.  Jamina and a reduction of the leaf to the henified petiole 

zs or mid-rib. Equally common is the retrogression of bracts — 

to the form of foliage-leaves ; as in the spathe of Aroidee, | ed 

which often has a leaf-like form. The retrogtessiiam uae 

% 
f, 
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sepals into bracts or foliage-leaves is still more frequent, a 

common and beautiful example of which occurs in the calyx 
of the rose. One of the best known instances of metamor- 

phosis of the reproductive organs into perianth-leaves is fur- 
nished in the case of the common garden tulip, in which the 

three carpels and the six stamens are all transformed into 
ordinary petals ; [and the same is the case with the greater 
number of double flowers, as the rose, camellia, pink, &c. ]. 

That these leaves are actually lower stages of development 

of the organs, is shown very clearly in an imperfectly double 
tulip, in which some of the leaves are divided through their 
mid-rib into two altogether unlike halves, a halfstamen and 
a half-petal. These imperfect transformations are also fre- 

quently seen in the peony and the water-lihes (Nympheze- 
aceze)—|in the case of the white water-hly, Vymphea alba, 
even in the wild state|—these instances affording convincing 
proof that the ‘doubling’ of flowers is due to retrogressive 
metamorphosis. It has already been mentioned that this -— 

metamorphosis 1s very commonly accompanied by an in- 
crease in the number of parts of the flower ; and it is not 

surprising that such retrogressions should also be associated 
with abortion. Perfectly double flowers are of course 
sterile ; but even when the metamorphosis affects the sta- 
mens only, the pistil is in that case also always less perfectly 
developed, and less or even not at all capable of being © 

fertilised by pollen from other flowers. In many cases 

the doubling is only apparent, as in the cultivated’ Com- 

positze, such as the aster and dahlia, in which the altered 

appearance is produced by the transformation of the yellow 
tubular flowers of the disc into ligulate flowers of a different 
colour ; but sometimes only by the increase in size and 

change in colour of the tubular flowers. Jn this case also 
the transformation is usually associated with sterility. 
When the retrogressive metamorphosis goes back still 

further than in the doubling of flowers, the brightly coloured | 

petals lose their colour, and the flower becomes green. 
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| Such j mstances of rhlie Pith zy are common in the 7 

nos, and especially in clover. 

Instances of progresseve metamorphosis are ree ieee 

common, though a number are to be met with. The most 
common example is the metamorphosis of petals into sta- 
mens. It is not uncommon to find the shepherd’s purse, 

Capsella bursa-pastorts, with ten stamens and no petals, the 3 

~normal number being four petals and six stamens. A-me- 

-tamorphosis of stamens into carpels is also not unusual in 
willows, making them apparently moncecious, whereas they - 

are normally dicecious. 

Changes of form arising from the metamorphosis of 

whole parts of plants may be divided into four groups :—the | 

solution of flowers or Antholysis, Prolification, Gemmation, 

and the Metamorphosis of Buds. By antholyszs is meant 
those separations of the parts of the flower by which their 

relative number and position are so altered that the nor- 

mal construction is completely concealed. Proltfication is 

the elongation of the apex of the floral axis above the 

flower, where it bears fresh buds, leaves, and flowers, as 

occurs normally in the syncarp of the pine-apple, and not 

unfrequently in roses [and pears]. Gemmation is the pro- 
duction of buds in the axils of the floral leaves, which then 

develope into new flowers or inflorescences, as 1s not un- 

frequently the case in the capitula of »Scabiosa and Dip- 

sacus. Finally, it is not uncommon for leaf- or flower-buds 

to be transformed into fleshy bodies with small scale-lke- 

leaves and a very short fleshy axis. These buds, which 

often serve as a reservoir for the reception of assimilated ~ reserve-materials, very commonly grow, when detached from 

their parent-plants, into independent plants. Species in 

-which this phenomenon commonly occurs [as Polygonum 

viviparum, Poa vivipara, &c.|, are called wviparous. In- 

the above and some other species it occurs normally, and is ~ 

‘not uncommon in many natural orders, as Liliaceze, Grami-. 
nex, Cyperaceze, and Juncacez. ‘he buds in the axils of 
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the leaves of Ze/inm dulbiferum and in the inflorescence of 
many species of AZ/um come under this head. 

Closely connected with metamorphosis 1s ferorza, or the 
abnormal regularity of flowers usually irregular but sym- 
metrical, z.e. so constructed that there 1s only one line by » 

which they can be divided into two similar parts. This 

phenomenon is most common. in Gramineze, Leguminose, 
Labiatee, Scrophulariaceze, and Violacez. In the common 

toadflax, Zzzarza vulgaris, for example, in which the perso- 
nate bilabiate corolla runs out into a spur, the terminal 

flower of the raceme not unfrequently’ exhibits complete _ 

peloria, ze. has a regular margin, and five spurs at equal 

distances from one another. In Composite, peloria fre- 
quently takes the form of a conversion of the ligulate into 
tubular flowers. ey 

The last class to be mentioned is the change in the ex- ~ 
ternal form of leaves, the result of an irregular accession or _ 
suppression of growth from disease. Deviations from a 

symmetry between the right and left side of the leaf occur 
normally in some plants, as the various species of Begonia | — 

[and lime], and occasionally in almost all plants. The ~ | 
relationship between the length and breadth of the leaf is 
also often disturbed. A difference frequently occurs be- — 
tween the intensity of growth of the vascular bundles and 
of the parenchymatous tissue (mesophyll) which occupies 
the space between them. When the vascular bundies grow 

more vigorously than the parenchyma, the latter is ruptured, 
and the leaves become perforated or slit, as is always the 
case in old leaves of the banana [and in some Aroidee, Fig. 
194, p. 106]. When, on the other hand, the growth of the 

parenchyma exceeds that of the vascular bundles, the leaves — 

become crumpled, as in many garden-plants, such as endive, 
parsley, &c. More rarely, outgrowths are developed on the ~ 

surface of the leaf, which themselves assume a leaf-like form.. 

In all the cases hitherto mentioned we have treated only 
of changes in form. But diseases are also caused through > 



transformation of those nee hel of awe ‘ie tissue 

of the plant is constructed. These constitute what are 

called secretional diseases, in which cellulose is transformed — 

into gum, resin, or manna. ‘These diseases are, properly 
speaking, only excessively vigorous phenomena of vital 
functions which in many plants are quite normal. It is re- 

markable that effusions of sap of this nature are often the 

result only of external injury, and are commonly increased 
by removing the substance excreted, as in the production 
of resin. 

The consideration of secretional diseases leads to that of 

diseases of decomposition. ‘These diseases, which are fre- 

quently confounded or blended with the former—known 

generically as. gangrene or canker—are processes of decay 

‘in which the cellulose is transformed into a muddy fluid, a 

brown humus-like powder, or a carbonaceous mass, such as 

‘never occurs ina normal state. Decompositions of this nature 

are promoted, or, perhaps, are first caused, by swarms of . 
low microscopic organisms, Fungi and Algze, which find in 
the dissolution of the organic substance a favourable sub- 

stratum for their development. It is impossible to enter in 
this place on a more minute discussion of the processes of 
fermentation, decay, and putrefaction, and of the points 
which are still in dispute as to the part played by the or- 

ganisms which always accompany these processes, and as 
to their systematic position. It is, however, certain that 
diseases of this kind are characterised by the presence of 
organisms, and are by this distinguished from secretional 
diseases. In reference to the external form in which they pre- 
sent themselves, a distinction is to be drawn between moist. 

and dry gangrene, according as the product of decomposi- 

tion of the cellulose is a fluid or a solid substance. The 

latter form very commonly first attacks the innermost layers — 
of wood, which may be, according to the colour of the sub- 

stance formed, red or white. Plants attacked by decay may 
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still live a long time under certain circumstances, and may 
have a perfectly sound appearance on the outside, until 
the disease reaches the cambium-layer, when they quickly 
perish. ‘The decomposition of cellulose does not, however, 
always begin inside the plant; it may also penetrate from 
without, at spots which have become diseased from ex- 
ternal injury. | 

Diseases of another class, produced by vegetable parasttes, 

that is by plants which derive their nourishment from the 
living tissue of the plants they inhabit, are in general less 
obscure than those which were last described. » 

Among these parasites are certain Fungi (Fig. 374), 
which are of the greatest practical importance. The ques- 
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Fic. 374.—Destruction of the cell-wall caused by a Fungus: transverse section of the 
wood of a beech ; at a, a the destruction of the secondary layers is still in pro- 
gress ; at 6, 6 the entire cell-wall has been destroyed with the exception of a 
larger or smaller residue of the primary layer, and the cell-cavity filled with 
an amorphous substance. 

tion which has often and for a long time been discussed _re- 
specting these plants, whether they are the cause or only the 
accompaniment of the disease, has now been decided in 
favour of the former alternative, since it has been proved 
that the organisms in question are well-defined species of 
Fungus, and that the same organism is always found to ac- 
company the same disease. In addition to this, it has been 

Q 
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proved by a ‘number of observations and careful ee 

ments, that these diseases are contagious, and that healthy 
plants become subject to a particular disease when the — 
spores of that Fungus are sown upon them which always 

occurs in connection with that disease ; and that, finally, the 
best means for preserving or restoring the health of the 
plant are those by which the spores of the Fungus are- 

destroyed. This does not, however, prevent other Fungi 
occurring as accompaniments of the particular disease be- 
sides the one to whose attacks it is due. . 

Among the most important of the diseases of this nature 
to which cultivated crops are liable is the rust or mildew 
of cereals. ‘This term is appropriately given to a disease in 
which, at least at first, reddish masses of a brown rust-like 

' dust break out from the internal tissue of the plant. It is 
most common on barley, wheat, and oats, less so on rye 

and wild grasses. Since it chiefly attacks the vegetative 
parts, the leaves and succulent stems, and but rarely the 

seeds, the injury caused by it consists mainly in a deteriora- 
tion of the straw ; but the grains are also of inferior quality, 

when the parts which contain chlorophyll, and which con- 
sequently assimilate, are attacked at an early stage. ‘The 
species of mildew which infest cereal crops are mainly two, 
Puccinia graminis and P. coronata. ‘The very remarkable 

course of development of the latter will be afterwards more 
exactly described when speaking of Fungi. 

Smut shows itself first on the organs of fructification, the — 
epidermis of which is irregularly ruptured in a great number. 

of places, a black dust then appearing through the slits. It 
attacks the different parts of the flower in a very unequal 
degree. The whole of the parenchymatous tissue is often 

destroyed ; and this occurs to so great an extent in winter-— 
barley, that of the whole ear the common rachis of the in- 

“florescence alone remains, while frequently, as in oats, the 
seed only is destroyed, the pales remaining unaffected. 
Especially in the last stage of the disease, the masses of | 

fe 
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dust also emerge from the culms beneath the flowers, as 

well as from the leaves.’ Rye and wheat are also subject to 

this disease, wild grasses less so. It is caused by the at- 
tacks of a Fungus, Ustc/ago carbo, the black masses consist- 

ing of its emerging spores which project between the palez, 
the mycelial threads obtaining their nutriment from the in- 
terior of the parenchymatous eells. 

The smut of maize and millet are of a similar character. 

In the former swellings the size of the fist or even of the 

head are formed in the diseased part, between the cells of 
which the filaments of the Fungus which produces the dis- 
ease, Ustilago maydis, are easily found. The millet-smut, 

caused by Ustelago destruens, destroys the whole of the flower 
even within the leaf-sheaths. 

Bunt is a disease which attacks all kinds of wheat, but | 

the varieties of spelt have less to fear from it than other 

sorts, and winter- less than summer-wheat. The Fungus 
which produces :this disease, Z7//etia caries, fills up with: 

its spores the whole of the ovary, and replaces it by 
an elongated, black, greasy body of a disagreeable odour. | 
The mycelium is easily found in the parenchyma of the 
flower. ' | 

Ergot is another Fungus of this kind, which attacks the 
inflorescence of grasses, and especially of cereal crops, ap- 

pearing in the place of the fruit in the form of an enor- 
mously large grain among those that are still healthy. In 

form it resembles, therefore, the grain which it attacks ; in 
rye, for example, it is obtusely triangular, and in Phragmites 
flatly compressed. It is the ‘sclerotium’ of a Fungus 
which grows from the base of the ovary, and soon detaches 
it from its point of attachment, raises it up, and then 

encloses it or presses it aside. Ergot, although it seldom 
occurs in any great quantity, is one of the most dangerous 
vegetable parasites of cereal crops, since it contains a 
powerful poison, on account of which it is valuable in medi- 
cine, but which renders the meal quite useless when ground 

Q2 
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pith it. ‘The varlous uae: of development ‘of. the ergot 
rye received a number of: different names before their. con-" eet 

nection with one another had been ascertained. Thus — | 

the delicate mycelium from which ergot originally springs __ 
has been called Sphacelia segetum, the ergot itself Sclerotium — 

clavus, Secale cornutum |or ‘spurred rye’|, and the fructifica- 
tion which developes from it (Fig. 375), Cordiceps or Clavi- 

eps purpurea; the last be- 
ing the name now given to 
the Fungus. 

Mention must also be 

eases about which but little 
is yet known, and which 
have this in common, that 
they appear as black velvety 
coatings on the leaves, and 

made of a number of dis- 

especially on their upper 
Fic. 375.—Ergot : A, with four receptacles. side. There seems to be fre- 
brea size); B, longitudinal section : eg 
through a receptacle with its perithecia. quently, but not invariably, 
(Magnified.) a connection of alternation 

between the ‘honey-dew’! caused by aphides and these 
diseases, the aphides encouraging the settlement of the 
Fungi, Zorula and Cladosportum, which give rise to the 
tatter. 

A similar appearance is presented by vines attacked by 
the vine-mildew, Oidium Tuckert. ‘The course of this dis-— 3 

ease is, In its essential points, as follows :—A delicate white 
shining growth is seen, as a rule after the blooming-time, 
and at first on the under side of the leaves, then on all the 

young parts of the vine (Fig. 376), which finally invests 
these parts more and more completely, without, however, 

penetrating into the interior, as it only puts out short 

organs of attachment here and there. These drain the 

? Honey-dew is a sweet juice exuded by various species af Aphis; 
for believed by some to be an exudation from the leaf itself, A 
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epidermis ; the grapes remain small, and finally burst, the 
fleshy interior being ferced out of one or two intersecting 

clefts. 
The English gardener Tucker was the first to remark, in the year 

1845, the Fungus which was named after him, but without recognising 

its nature. The disease appeared at Versailles in 1850 ; and in 1851 

under various conditions, and in widely scattered districts, in France, 

Italy, and Germany. In Madeira, the vine, which had been cultivated 

since the fifteenth century, was attacked in 1852 ; in several succeeding 
years the crop completely failed; and this induced the inhabitants to 
abandon the cultivation of the grape for that of the more profitable 

Fic. 376.—The vine-mildew : A, the Fungus Oidium Tuckeri ; @ the cidium-spores 
(conidia) becoming detached; + the organs of attachment; 4 a germinating 
spore (xX 400). B, c the so-called cicinobulus-fruit [or cyst], a later form of 
fructification of the vine-mildew ; @ its spores. (x 450.) 

sugar-cane ; so that for twenty years after 1851 scarcely any Madeira 

wine was produced. From that time the disease, favoured by damp 

warm weather, has spread locally to the whole of Europe, no remedy 

having been up to the present time discovered for it. 

Next to the vine-disease the p/um-discase is one of the 

most destructive parasitic diseases of the different kinds of 

stone-fruit. The malformations produced by it, and known 

under the name of ‘ pods’ and ‘pockets,’ are distinguished 
from the dark juicy fruit covered with a bluish bloom by 
their greater length and flatness, by the want of the hard 
stone, and by their invariably lighter colour. The prema- 

- 
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lie ripe fruits fall off and are worthless, Ehe,, cause ne 

the disease is a Fungus, Axvascus Pruni. | ae ae 
The fotato-disease makes its appearance first on the a 

green parts of the plant, forming 

brown spots on the leaves and 
stems, usually in July and August. 
A short time afterwards the tu- 
bers are found to be diseased,and © 

begin to decay. The decompo-. .— 
sition is either moist and of a 
disagreeable odour, or ends in _ 
a drying up of the tissue; the ~~ + 
former kind being generally de- 
scribed as the true potato-disease, 

although the two forms pass into— 
one another. It is only rarely 

that the decay of the tubers pre- 

cedes the sickening of the plant 
itself. The parasite which causes 
this disease is also a’ Fungus, 

Peronospora infestans. It pene- 

trates the tissue of the leaf, its 

conidia-bearing filaments pro-- — 

jecting through the stomata. | © 
The tissue of the leaf dies under | — 
its influence, and the tubers © 
which are subsequently attacked 
also decay (Fig. 377). ie 

Pete inetis-Alaments. frei The true potato-disease’ broke out 

a rotten potato, fogether with 
the spherical spores y called 
Otdium violaceum, and the long- 

about the year 1830, and spread with — 
terrible rapidity during the next ten | 

ish multicellular spores z «f years ; and has never since entirely dis- 
Husisporium Solini; young f 5 d ‘i ; oo 

plants are germinating from both appeared. Its study suggested a variety ~ a 

forms. (This fungus very com- of causes: among the rest damp wea- (4 
monly accompanies, but is not : ge) 
the cause of, the disease. x 400.) ther, too strong manuring and the ry 

cutting up of the ‘ seed- ‘patna ‘ ee 
o | 

A peculiar disease, also caused by a Fungus, but which Be 
‘ j a. aia 
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has not yet been sufficiently investigated, is one of con- 
siderable practical importance, the deet-disease. It shows 
itself sometimes in the winter, its presence being manifested 

by the root becoming light-brown and transparent from — 

without inwards. 
‘The diseases to which bulbs are subject have been but 

little studied. In the ring-disease, called also the hya- 
cinth-pest, rust-coloured spots spread from the disc over the 

scales, advancing from below upwards. ‘The innermost 
scales are first attacked, the leaves turn yellow, the flower- 

stalk decays, and finally the whole bulb degenerates into a 
muddy mass. The so-called zwAzte smut consists in the 
bulbs rotting from above downwards under the influence of 
a white slime. : | 

Besides the diseases already named, there are many 
others of less practical importance caused by parasites. Of 
these causes of disease, phanerogamic parasites are in gene- | 
ral less injurious than cryptogamic. Of the former there | 
are only a very few natives of Europe, the mistletoe (Viscum 
album), Loranthus europeus, Lathrea squamaria, the dod- 

ders (species of Cuscuta), the various species of Orobanche, 
Monotropa Hypopitys, and Thestum humifusum. | 

The mistletoe usually grows on the apple, but also on 

other trees. It weakens the trees which it attacks by the 
penetration of its sucking-roots (Fig. 378 1.), and causes the » 
formation of knots, sometimes killing the branch on which 
it grows, or even the whole tree. 

The various species of Cuscuta (dodder) germinate in 

the ground, and only subsequently strike their roots into the 
neighbouring ‘host ;’ but they also develope above ground 
their ‘ haustoria’ or sucking-roots at those spots where they. 
come into contact with the plants which they embrace. C. 
europea grows readily on hedges and thickets, and attacks 

the hop, [stinging-nettle], hemp, and other herbaceous [and 
shrubby] plants. C. ezéénum is exceedingly destructive to 

flax. C. Zrtfoli (Fig. 378 11.) is especially injurious to fields 
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of clover and lucerne, spreading itself centringatly eee ee 

single points, and entirely destroying the vegetation. C. Bh: 

epithymum is indigenous, chiefly on gorse and heather, = nn 
Of the species of ie 

Orobanche or broom- 

rape, which mostly grow 
on the roots of wild 
plants, the only ones of 

practical importance are 

O. rubens and ramosa. 

_ Fic. 378.—I. 2 a piece of a branch of an apple-tree cut through lengthwise, into tae: 
which a young mistletoe-plant wz has driven its sucking-roots s (reduced) ; II. 
Cuscuta Trifolti: A, parasitic upon clover (reduced) ; B,a separate inflorescence 
(natural size). 

The former occurs especially on clover, while the latter 
mostly attacks hemp, but also tobacco and nightshade (.So/a- 
num); (see Fig. 346, p. 166). 

The remaining phanerogamic parasites named above 

have but little scientific interest ; to them may be added’ 
the various species of AZelampyrum, Rhinanthus, and Pedt- 
cularis. No further notice is required of the phanerogamic 
parasites of tropical and subtropical primeval forests, &c., *. 
belonging to the natural orders Balanophoracez, Raffles- 
iaceze, Loranthacez, &c. ak ag 

Besides these parasites, there are various flowering pla, ee 
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which are injurious as weeds, depriving other plants of light 
and nourishment and therefore of the most essential con- 

ditions of life, or themselves stunting them in their growth 
by climbing over or twining round them, and dragging them 
to the ground. | 

Reference must finally be made to epiphytes, or those 
plants which only grow on other plants without deriving 
nutriment from their tissues. Plants of this class which > 

occur in our zone, for example, many Mosses and Lichens 
[and some Ferns], can scarcely be considered as morbifi-  —_ 
cants. 

The injuries which plants receive from animals are ex- 

tremely numerous and various. When the injury is to the 
root, it results in an insufficient supply of nutriment to the 

plant; when, on the other hand, it is the leaves that suffer, = > 

the absorbed food-materials are not assimilated in sufficient 
quantity, and the plant suffers from weakness or exhaustion. — 
Injuries to the bark cause ‘bleeding,’ gangrene, or decay. — 
There are also a number of animals that live in or on plants, 

which, without visibly injuring them externally, cause an 

irritation in the parts of the tissue affected which results in | 
morbid phenomena. It is common, for example, to see the © 

leaves of the hop, cabbage, and other plants, crumpled up| 

into blisters and rendered unhealthy by the attacks of - 
some species of aphis on the under side. The form: of 
these abnormal productions is usually so characteristic that 

it is possible from them to determine the animal by which 
they are caused, and wece versa. ‘Vhus, aphides, which lay 

their eggs in the plant, cause blister-like swellings, in 
which the larve live until the period of their metamor- 
phosis, at the expense of the plant. The structures which 

they produce, and which are generally not injurious, are 
sufficiently well known in the lime, hazel, elm, and other 

trees and shrubs. W2llow-galls and rose-galls are a somewhat 

higher form of these bodies. ‘The former are produced 
especially on willows by the puncture of the Cecadomyia 
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strobilina in the leaf-buds, which causes arrest of growth, — 

‘the stem scarcely developing, and the leaves becoming ~~ 

); fthe ed); e-h 

, show:ng a larvain the chamber 

fecundatrix; a oak- 

he same (magnifi 

UU: e the insect (natural size 
i; -wasp, Cynips —— 
—-| 

“lh 

(natural size) ; dt 

a-d the oak-apple 

-gall ; Athe same cut open 

ll wasp, Cynztps scutellarts ; 

in the centre (natural size). 

\ 

e¢ cocoon cut open 

EG 
cZzgA 

the common oak-ga same (magnified) ; ¢ oak 

Fic. 379.—Galls and gaJl-wasps: 

apple ; 6 cocoon; 

— in 

crowded together into a close rosette. The rose-gall is eae 

caused by Ahodztes Rose laying its eggs in the branch, the ~ ae 

stem then swelling up to a considerable size from the exu- 
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berant growth of the parenchyma, while the leaves are pro- 
duced in ordinary numbers, but with scarcely any paren- 

chyma between their fibro-vascular bundles, causing the 
misshapen branch to appear as if covered with moss. ‘The 
highest form of development of these structures is seen in 
the true gad/s, the production of which is due to punctures 
made in the leaves, flowers, fruits, buds, and young bark 
by the female gall-wasp, belonging to various species of 
Cyntps, which then lays its eggs in the wound. ‘The various 
kinds of gall are most abundant on the oak-tree, on which the 

total number of species that have been observed is upwards _ 
of 150. The best known is the common oak-gal/, pro- 

duced by the puncture of Cyzips scutel/aris on the under side 
of the leaf (Fig. 379).! As morbid phenomena galls are 
usually of but small significance. Whether they are regarded 
as the nidus of a number of useful insects, or, many of them, 

as articles of considerable value in commerce, their usefulness 

greatly exceeds the injury which they inflict on the plant. — 
It would occupy too much space to enumerate those — ea 

animals which are hurtful to the plant by the external in- 
juries inflicted by feeding on them, &c. The part which 
insects play in this respect is well known to every observer 

of nature. | | 

AGE AND DEATH OF PLANTS. 

If the life of a plant is not shorterted by any disease, 
and if no animal or man appropriates it to its own purpose, 
gathers it, and kills it, its term of life is still usually limited. 
Some die after they have once produced fruit [monocarpic 
plants], one or two years [anual or biennial plants] being 
required for their development; while others [ polycarpic 

plants] produce fruit many times and live for many years, 
attaining sometimes an enormous age. ‘The silver-fir sel- 

* [Oak-spangles are smaller, flat bodies, produced also on the under — 
oe of oak-leaves by the attacks of an insect, Diplolepis lenticularis. 
—ED.] 
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~ dom flowers under thirty or forty years ; the Scotch fir antl Bi 
larch, on the other hand, produce cones in ten or twelve — 
years ; the oak and beech, again, only flowering when they — i 
have attained a considerable age. The Scotch and spruce-fir 
attain their full height, as a rule, in from 80 to Ioo years, 
while the silver-fir requires a longer period. The annual — 
rings of the beech usually become less distinct after 130 
or 150 years, while the regular increase of the oak in girth 
does not diminish till it is 150 or even 200 years old ; and ~ 
in the sweet chestnut the increase continues for at least 

double that period im the south of Europe. Probably the 

oldest lme-tree in Germany, at Neustadt on the Kocher, 

was celebrated in song as long ago as the year 1408; and 
the silver-firs on the Wurzelberg in the forest of Thuringia 
must be, from the number of the annual rings in one of the 

oldest trunks, 600 years old. ‘The age of an oak at Breslau, 

more than 13 metres in girth at a height of 26 metres, is 

estimated at 700 years. The old rose-stock in the crypt of 

the cathedral at Hildesheim was planted, according to tra- 
dition, by Louis the Pious; and the old dragon’s-blood — 
tree at Orotava in Madeira, is said to have been as vigorous— 

and even to have been hollow—in 1402, when the island was 

taken by the Spaniards, as in 1868, when it was blown 
down ina storm. All previous conceptions of the size and 
age of trees are enormously exceeded by the facts ascer- 

tained respecting the Seguoza (Wellingtonia) gigantea, the 
‘mammoth-tree’ of California, the largest measured speci- 
men of which gives a diameter of 10 and a height of r20 

metres, and, judging from the number of its annual rings, an 

age of from 3,000 to 4,000 years. The bread-fruit-tree is 

said to attain an age of from 5,000 to 6,000 years; that of — 

the gigantic species of Hucalyptus of Austraha, from 130 to 
- 160 (?) metres in height, has not been ascertained. 
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CHAPTER VI. 

SPECIAL MORPHOLOGY AND CLASSIFICATION. 

Even the most superficial observation of the vegetable 
world is sufficient to show that no form exists on the earth 
as a single individual, but that each is repeated with 

. very slight variations. These variations, however, refer only 
to the size, colour, degree of hairiness, and other external 

character of the separate organs, to the number of branches,” 
leaves, and flowers, in short to points so unessential that 

the same name is naturally given to all these similar indi- 
viduals, Closely connected with this is the additional fact — 
that new individuals which spring from seeds resemble ex- . 
actly the individuals which produced the seeds, with the | 
exception again of slight and unimportant variations. The ~ | 
entire collection of those plants which thus coincide in all — 
essential characteristics, and of all those which are de- 
scended from the same parent, is called a Sfecies. But a 

species remains unchanged, even within the limits defined 
by essential characteristics, only as long as the vital con- 
ditions remain the same. When these are altered by’ | 
change of climate or food, or of relationship towards other 
organisms, whether man, animals, or other plants, even 

some of these characters gradually disappear, and are re- 

placed by others. A species is therefore only an assem- 

blage of forms which resemble one another for the time 
being, and is not a type rigidly defined by nature. 

Dependent on changes produced by cultivation, a species 
- 1s divided into Swd-species ; and when the characters are 
hereditarily transmitted with constancy through the seed, . 
into faces. Variations within the same race are called 
Varieties, and these again are divided into Sb-varteties. 

All species which agree in the essential characters of 
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oe organs of reproduction—the parts of the flower, ‘Becdae tee e 

spores, &c.—form together a Genus. ‘The different species _ 
belonging to the same genus may differ very considerably 

in their vegetative organs ; but the slighter these differences 
the more natural is the genus, 

Since the time of Linnzeus two names have been given 
' to every plant, a generic and a specific name, the generic 
name being placed first, and the specific name last. Thus 

the cucumber is Cucumzs sativus, the melon Cucumis melo, 
both belonging to the genus Cucumis. 

Since the conception of a genus is defined arbitrarily, according to 

the individual view of each naturalist, and that of a species is no more 

natural, it has come to pass in the course of time that one and the same 
plant has received several specific and generic names, or that the same 

name, has been given to different plants. In order to distinguish clearly 

the particular plant meant, it is usual to append to its name that of the 

botanist who first bestowed it. Thus by the phrase Conitum maculatum 

Linn., is meant that Linnzeus was the first to give this name to the com- 

mon hemlock. In the present work the name of the authority will not 
be given, because only those plants will be mentioned with respect to 

which there will be little danger of a mistake as to the species intended. 

For the purpose of obtaining a general view of the enor- 

mous number of plants, and their mutual similarities or re- 
lationships, their classification into genera is not sufficient. 
Those genera which are nearly related, z.e. which resemble 
one another in the form and mode of arrangement of their 

organs of reproduction, are collected into Families ; these 
into Orders ; and these again into Classes. Several classes 

go to make up a Swb-kingdom, and the whole collection of 
sub-kingdoms constitutes the Vegetable Kingdom. Since, 

_ where the relationships are complicated, it is often neces- 
sary to distinguish steps even intermediate between these, 
it is usual to arrange the orders which make, up a class into ~ 
Series, the genera which make up a family into Zrzdes, and 
the species which make up a genus into Sections. “To de- 

note still further sub-divisions, the prefix ‘sub’ may be 
placed Lefore any of the terms mentioned, so as to mark 

/ 
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- still further intermediate grades; thus a Subfamily isa 
grade between family and tribe, a Swd-dribe a grade between 
tribe and genus, &c. | 

Classifications of plants which are carried out according to definite 
principles are called systems, and are distinguished as Natural — 

Artificial systems. 

Natural Systems are constructed synthetically ; z.¢. they ascend 

from the individual upwards, placing always in juxtaposition those 

forms which are most nearly related, and thus, by the continual group- 
ing of the most nearly related forms in each stage, attaining a gradual 

and general view of the entire vegetable kingdom. A natural system 
may therefore be called a Grammar of the Vegetable Kingdom, since it 

explains all the laws and relationships according to which distinct in- 

dividuals are united into species, genera, families, orders, classes, &c., 

in short, into one harmonious whole. Much is, nevertheless, left to 

the arbitrary decision of each naturalist ; although a moderate degree 
of unanimity has now been arrived at with respect to the boundaries of 

the different orders. The orders are therefore the unities out of which 

the vegetable kingdom is constructed, although they have not yet 

been grouped into a perfect natural system. The natural system has 

been compared, but not very happily, to a chain, a copiously branched 

tree, oranet. The best simile is that of Linnzus, who compared the — 

various reciprocally related families to the countries of a continent, to 
which peninsulas are attached by slight connections, and near which are 

islands representing isolated families. 

Artificial systems are, on the contrary, constructed analytically, and 

set out in the opposite direction, the whole ground being broken up by 

repeated divisions, in accordance with a predetermined principle of | 

classification, until finally you arrive at the individual plant. They 

may be compared to dictionaries, in which the whole vocabulary is 
arranged according to the one principle of an alphabetical arrange- 

ment, artificial systems being in the same manner characterised by the. 

arrangement of the total number.of genera in accordance with a single 

principle. Both place together things that differ most widely ; but 

both enable any desired word or any particular plant to be easily 

found, or to have its place assigned it among the rest. Strictly speak- 

ing, an artificial system ought to be based on only a single principle 
of classification, or rather on the more or less perfect development of 

a single organ; but usually the characters of several are taken into 
account. It would be possible for there to be many artificial systems 

of equal value ; and as long ago as 1765, Adamson enumerated 65. 
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a The best 1S the Sexual Bhar of Linneus: “which bases its principle 

orders with respect to the pistils. His orders are divided into genera, 

of classification on the essential parts of the flower, the stamens and 

pistils (or as we should now say, carpels). Lae a a “ 2 

THE LINNEAN SYSTEM. 

Linnzeus divided the vegetable kingdom into 24 classes, dependent © 
on the number and arrangement of the stamens ; and these, again, into 

and these into species. | 

The first 23 classes comprise Flowering Plants, those which possess 

stamens and pistils (or in a few cases ovules only in place of the pistil). | 

Of these classes, I.—X X. comprise plants with hermaphrodite flowers, 

_z.e. those in which the stamens and pistils occur in the same flower. 

Classes XXI., XXII., and XXIII. include plants with imperfect uni- 
sexual flowers, containing stamens only (staminate or male flowers, 3) ; 

or pistils only (pistillate or female flowers, 9). In the first 11 classes, 
the number of free stamens forms the basis of classification ; the length 
of the stamens is immaterial, with the exception of the 4th and 6th 
classes, in which they must be all of equal length. In the 12th and 

- 13th classes, the number and mode of attachment of the free stamens 

is taken into account ; and in the 14th and 15th the number and un- 

equal length of the free stamens. In the 16th, 17th, 18th, and 19th 

classes, Linnzeus included those plants in which the stamens are co- 

herent to one another; in the 20th, those in which the stamens are 

adherent to the pistil. Their characters, therefore, are as follows : 

Class I. MONANDRIA. I free stamen in a hermaphrodite flowers of 
(Fig. 211 B, p. 116). 

Class II. DIANDRIA. 2 free stamens ina hermaphrodite cage 
Class III. TRIANDRIA. 3 free stamens in a hermaphrodite flower 

(Fig. 264, p. 136). 

Class IV. TETRANDRIA. 4 free stamens of equal length in a her- | 

| maphrodite flower. Re 
Class V. PENTANDRIA. 5 free stamens in a hermaphrodite flower 

(Fig, 265, p. 136). . 

Class VI. HEXANDRIA. 6 free stamens of equal length in a her- 

maphrodite flower. 

‘Class VII. HEPTANDRIA. 7 free stamens in a hermaphrodite . 
flower. eed as 

Class VIII. OcCTANDRIA. 8 free stamens in a hermaphrodite 
flower. Ae 
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ENNBANDRIA. 9 free stamens in a hermaphrodite 

flower. 
Decne 10 free stamens in a hermaphrodite 

flower. 
DODECANDRIA. 12-19 free stamens in a hermaphro- 

dite flower. 
ICOSANDRIA. 20 or more free stamens on the mar- 

gin of the calyx in a hermaphrodite flower (Fig. 

256, p. 133). 
POLYANDRIA. 20 or more free hypogynous stamens 

in a hermaphrodite flower, adherent neither to the 

corolla nor to the ovary (Fig. 209, p. 115). 

DIDYNAMIA. 2 long and 2 short free stamens in 

a hermaphrodite flower (Fig. 273, p. 139). | 
TETRADYNAMIA. 4 long and 2 short free stamens in — 

a hermaphrodite flower (Fig. 274, p. 139). 

MONADELPHIA. Stamens united at their base into a 

tube open above which encloses the pistil (Fig. 275, 

p- 139). ie 
DIADELPHIA. Stamens united at their base into 2 

equal or unequal bundles (Fig. 276, p. 139). 

POLYADELPHIA. Stamens united at their base into 

several bundles (Fig. 277, p. 139). 

SYNGENESIA. Filaments free; but the anthers co-_ 

herent into a tube which encloses the pistil (Fig. 

278, p. 139). 
GYNANDRIA. Stamens springing from the summit of 

the ovary near to the stigma (Fig. 279, p. 139). : 
MoneciA. Flower unisexual ; staminate and pistil- 

late flowers on the same p!ant. 

DicciA. Flower unisexual ; staminate and 1 pistil- 

late flowers on different Biante 

POLYGAMIA. Staminate, pistillate, and hermaphro- 
dite flowers on the same plant. 

CRYPTOGAMIA, or Flowerless Plants. No stamens 

nor ovules. 

Each of these classes comprises several orders. In the first 13 

classes the characters of the orders depend on the number of pis‘ils, le é, 
carpels], or on the number of styles or stigmas. 

R 



Order ; i. Monocsames I ‘iat wih I sedi’ ae bees aie 
Order 2. DIGYNIA, 2 pistils, or 1 pistil with 2 stigmas. == ee 

Order 3. TRIGYNIA. 3 pistils, or 1 pistil with 3 stigmas. == 
Order 4. TETRAGYNIA. 4 pistils, or 1 pistil with 4 stigmas. “ 

Order 5. PENTAGYNIA. 5 pistils, or 1 pistil with 5 stigmas. z: 

Order 6. HEXAGYNIA. 6 pistils, or 1 pistil with 6 stigmas. ; 
Order 7. HEPTAGYNIA. 7 pistils. 3 
Order 8. OcTOGYNIA. §8 pistils. 
Order 9. ENNEAGYNIA. 9 pistils. 

Order 10. DECAGYNIA. _ 10 pistils. j 

Order 11. DODECAGYNIA. 12 pistils. Moe 
Order 12. POLYGYNIA. More than 12 pistils. vy 
All the orders belonging to the various classes are not represented 

in the English flora. Examples are as follows :—To Class I., Orderr 
(indicated shortly as I. 1), belongs H¢ppuris vulgaris ;to II. 1, Salvia; 

Ill. 1, Valertana, J/ris, and most Cyperaceze; III. 2, almost all 

grasses; IV. 1, Dipsacaceze and Rubiaceze; IV. 4, /lex; V. 1, Bor- 
' ragineze, Primulaceze, Solanaceze, and Campanulacez ; V. 2, Umbelli- © 

fer ; V. 3, Sambucus; V. 5, Linum; V1. 1, Liliaceee and Juncacez; ° 

ie Bitumen s Villa; See Cnothera, Erica; X. 1, Arbu- ~~ 

5 2, Dronihus, ee ae ; X. 3, Alsinz, Silene; Xx, 5, Oxalis, = 

oe Cerastium ; XI. 1, Lenin. XI. 3, Aeseda XI. 5, Semper- 

vivum; XII. 1, Prunus; XII. 5, Pyrus, Mespilus; XII. 12, Rosa, ~~ 

Fragaria, Rubus; XIII. 1, Tilia, Papaver; XIII. 2-12, Ranuncu- — 

laceze: Peonia, Delphinium, Acomtum, Ranunculus, Helleborus. é 

The 14th and 15th classes have each 2 orders distinguished by their 

fruit. ad wh 

XIV. 1. GYMNOSPERMIA ; including most Labiate: Zhymus, 

Ajuga, &c. (Fig. 379 B). 

: XIV. 2. ANGIOSPERMIA. Scrophulariaceze: Antir- ah 
rhinum, Pedicularis, &c. (Fig. 297, p. 144). a 

XV. 1. SILICULOSH. Capsella, Nasturtium, &c. 

(Pig, 217, p.454)- 

XV. 2. SILIQUOSH. Cheiranthus, Raphanus. — ~~ 

In classes XVI., XVII., and XVIII., the orders %) 
are distinguished by the number of stamens. The ir Ree 

lowing are comprised in the English flora :— ; cee. 

XVI. 2. MoNADELPHIA PENTANDRIA. Lvodium. 
Fic. 379 BB 

Fruit of Ajuga XVI. 4. MONADELPHIA DECANDRIA. Geranium ; 
ite sces many Leguminose. 2 | | 

XVI. 5. MONADELPHIA POLYANDRIA. Malwa. 
XVII. 1. DIADELPHIA HEXANDRIA. Fumariacez. 

>. 
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XVII. 2. DIADELPHIA Geena. Polygala. 

XVII. 3. DIADELPHIA DeECANDRIA. Most Leguminose: 777- 

folium, Lotus, Vicia, &c. 

Class XVIII. POLYADELPHIA. /yfericum with 3 styles. 

Class XIX. is divided into the following orders :— 

I. SYNGENESIA ZQUALIA. Zaraxacum, Cichorium, Lactuca, Car- 
duus, Cnicus (Fig. 213, p. 117). | | 

2. SYNGENESIA SUPERFLUA. Artemisia, Aster, Anthemis, Bellis, 

(Fig. 214, p. 118). 
3. SYNGENESIA FRUSTRANEA. Centaurea (Fig. 203, p. 112). 

4. SYNGENESIA NECESSARIA. Calendula. 

s, SYNGENESIA SEGREGATA. Lchinops. (These two are not in- 
cluded in the English flora). 

These 5 orders together form the natural order Composite. 
In the 20th, 21st, and 22nd classes, the orders are again charac 

terised by the number and arrangement of the stamens. The following 
occur in the English flora :— wa 

XX. 1, Orchis, Ophrys, Epifactis; XX. 2, Cypripedium; XX. 6, 

Aristolochia; XXI.1, Euphorbia; XXI. 3, Sparganium, most Ca- 

vices; XX. 4, Alnus; XXI. 5, Letula, Fagus, Quercus; XXI.. 6, 

Pinus; XXIV. 2, Salix; XXII. 3, Empetrum, Ruscus; XXII. 4, 

Viscum; XXII. 5, Humulus; XXII. 6, Zamus; XXII. 7, Populus 5 

XXII. 8, Hydrocharis, Mercurialis; XXII. 12, Taxus. 

Class X XIII. comprises the order :— 

1. PoLyGAMIA MoNceclA. Alriplex. 

The 24th class Linnzeus divided, according to their natural relation- 

ships, mito 4 orders :—1. Filices ;~ Ferns... 2.. Musci.; “Mossesar 7%: 
Alge. 4. Fungi. 

THE NATURAL SYSTEM. 

The system of classification at present in use has gradu- 
ally gown up from a combination of those proposed by 
Jussieu, De Candolle, Endlicher, Lindley, Bentham, and 

other systematists, and may therefore be called an Eclectic 
System. According to it the vegetable kingdom is divided 
into two great sections, Cryptogamia and Phanerogamia, the 
former being destitute of flowers containing anthers and 
ovules, the latter having these organs. 

R 2 
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- Cryptogamia are again divided into four ‘groups or sub- _ 

oe VIZ. 

THALLOPHYTES or Leafless Cellular Cryptogatne mr 
Plants which have no leaves and no vascular tissue, but are 

constructed of cells only. There are, however, certain 
transitional forms which must not be overlooked between 

these and the leafy Cryptogams. To this sub-division be- 
long: 1, Ale ; 2, Fungi; and 3, Lichens. It is impossible 

to lay down accurate lines of demarcation between these ~ 
three classes ; but it may be stated broadly that Algze con- 

tain chlorophyll, and are therefore able to avail themselves 

of inorganic food-materials ; while Fungi contain no chloro- 
phyll, and are therefore not able to make use of absorbed 
unassimilated food-materials, but are compelled to live as 
parasites on other organisms, or on organic remains. 
Lichens, again, assume an intermediate position, uniting in 

themselves the characters of Algee and Fungi. 
CHARALES. Submerged water-plants readily recog- 

nised externally by their organs of reproduction, which re- — 
semble a spirally striated nucule surmounted by a coronet. 
Their distinguishing characteristic lies in the peculiar pheno- 
mena connected with the formation of the organs of reproduc- 
tion (Figs. 418-420, pp. 292, 293). | 

3. MuscinEz. We have here a distinctly marked allies 

nation of generations. From the spore 1s developed either _ 
directly (in most Hepaticae) or indirectly, as the lateral 
branch of a so-called fro-embryo (in some Hepaticee and 

all Musci) a plant which bears the organs of reproduction; 
this is the first [sexual] generation. The result of fertilisation 
is the second [nonsexual] generation, a fruit-like structure, 

the sporogonium, in which the spores are formed. This ~ 
group is divided into two classes: 1, Hepatice, and 2, 
Musci, of which the former has capsular sporogonia, usually — 
opening with valves, and containing, in addition to the — 
spores, eaters, i.e. elongated spirally thickened cells (Fig. 422, _ 
Ill. p. 295) [the object of which 1s to assist the disseminas a 

/ 
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tion of the spores]; while the sporogonia of Musci have 
usually a removable lid or ofercu/um and do not contain 

elaters. 
4. VASCULAR CRYPTOGAMS. These possess true vessels, 

and are also characterised by the development from the 
spore of a leafless pro-embryo of small size, bearing the 
oospheres from which, after fertilisation, the spore-bearing 

plant is produced. ‘The former is, therefore, the sexual, the 
- latter the nonsexual generation. They are classified into two 
series—the J/sosforous and the eterosporous. ‘The former 

produce only one kind of spore ; the pro-embryo, which is. 

developed from this, grows for a considerable time inde- 

pendently of the spore, and bears both the male and female 
organs of reproduction [azthertdia and archegonia|. The — 
Heterosporous Vascular Cryptogams produce, on the con- 
trary, two kinds of spores, larger or macrospores, and. 
smaller or mzcrospores. From the former arise pro-embryos, - 

on which the oospheres are developed; while the latter 
produce only a slight trace of pro-embryo, and almost 
immediately the male elements, the spermatozoids or an- 

therozoids. ‘The Isosporous Vascular Cryptogams are — 

divided into three classes:—1. ices. The pro-embryo 1s 
above-ground and green; the sporangia are epidermal 

structures (trichomes) of the leaves. 2. Hguzsetacee. The 
pro-embryo is above-ground and green; the verticillate 
leaves are provided with sheaths ; the sporangia are formed 
several together on the margin of peltate leaves, which form 
a terminal fructification. 3. Ophioglossacee. The pro- 
embryo is subterranean, not green, and moncecious; the 
stem is unbranched ; the sporangia are formed on a branch 
of the leaf which forms a panicle or spike. The Hetero- 
sporous Vascular Cryptogams include the two remaining 
classes :—4. KRhizocarpee. The sporangia are formed in 
considerable numbers in the interior of hollow capsules, the 
sporocarps, and contain either a single macrospore or a 

number of microspores. 5. Lycopodiacee. The sporangia 



are produced singly on the upper side ne near the bake re 
the Jeaf. .The macrosporangia contain a small number of 
macrospores, the microsporangia a large number of micro eo 

spores. 

naked, z.e. not enclosed in an ovary ; and z. ANGIOSPERMIA, 
in which they are so enclosed. The alternation of genera- 
tions 1s in them conceaied in the formation of the seed. The 
pollen-grain corresponds to the microspore, and the embryo- 

~ sac to the macrospore of the Heterosporous Vascular Crypto- 
gams. Gymmnosperms comprise the Cycadee, which have a 

simple stem and pinnate leaves; and the Condfere, with 
branched stem and simple usually acicular leaves. Angio- 
sperms are again divided into two classes, Monocotyledones 
and Duecotyledones. In the former the embryo has only a 
single cotyledon, the vascular bundles of the stem are dis- 
persed, and the prevalent number in the parts of the flower 

is 3. In Dicotyledons the embryo has almost always two- 
opposite cotyledons, the vascular bundles are united in the 
stem into a more or less complete ring, surrounding a central. 

(axial) pith, and the prevalent number in the parts of the 
flower is 5 [or 4]. 

It is necessary again to state very distinctly that there are a number 

of plants which must be assigned, in consequence of their natural affi- 
nity, to a class in which they could not be included if its distinguishing 

characteristics were rigidly interpreted. If, however, in sucha case the 

principle of the classification were to be rigidly enforced, we should 

fall into the greater evil—because still more opposed to the idea of a | 

natural system—of separating arbitrarily what are naturally related. 
Even the best natural system must, therefore, be either not altogether 

systematic, or must be unnatural, because any systematic attempts to con- 

strain free Nature in the fetters of an arrangement which is foreign to — 

her, must leave out of account tl:e numerous transitional forms which 

occupy intermediate places between the principal types. 

Phanerogamia or Flowering Plants are classified into’ 
tivo Aaatiank :—1. GYMNOSPERMIA, in which the ovules are 
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CRYPTOGAMIA,; OR FLOWERLESS PLANTS. 

Cass. Lo..: Alge, 

The Algee include some of the smallest and simplest 
forms of vegetable life, rising in other instances to a high 
degree of organisation and considerable dimensions. Some 

Fic. 380.—Caulerpa taxtfolia, a marine Unicellular Alga (natural size). 

species of Palmel/a have a diameter of only ‘ooot to ‘0002 
mm., while A/acrocystzs attains a’ength of 300 metres or more, 
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_ The important points of distinction between the different 2 
forms depend either on the degree of development of the ey 
individual cells, or on the mode in which they combine. 
Even among the Unicellular Algze the greatest variety of 

forms is found, from the globular PVleurococcus (Fig. 59, 

p. 37), and the rooting spherical cell of Botrydium (Fig. 81, 
Pp. 55), to the species of Caulerpa (Fig. 380) of tropical seas, 
two feet in length, and simulating the appearance of stem, 

leaves, and roots. Sometimes the single cell branches 

copiously, its branches becoming most intimately connected 
with one another in such a peculiar way that a tissue-like 

_ structure is produced, as in Celeochete scutata, and a section 

through the whole presents the appearance of a number of 
cell-cavities, where we have actually only protuberances of 

a single cell. Sometimes these protuberances he in such 
regular layers one over another, that a transverse section 
might be imagined to exhibit one medullary and two cor- 
tical layers, as in Udotea cyathiformis. A number of Uni- 
cellular Algze often constitute a colony of cells genetically 

and. organically united, which behaves to its environment 
‘in all respects as a single individual (Figs. 58, 59, p. 37). 
The Multicellular Algze are either filiform, the cells arranged 
in a single row or thread (Fig. 54, p. 32); or the cells form 

a flat surface or single layer only one cell thick (Fig. 82, 
p. 56); or, finally, a solid mass of cells in three directions. | 
Within these three classes even a greater variety of form 
prevails than in the Unicellular Algz ; some of the larger 
species of Fucus, for example, often bearing a resemblance 
to branched trees. In the massive Alge it is very common 
for there to be a differentiation to this extent into epidermis 
and fundamental tissue, that the outermost layers consist of 
smaller cells with thicker walls, while the interior cells are often. 

much larger, and sometimes of great length. It 1s, however, 

| possible at most to speak only of a pseudo- parenchyma ; 
there is nothing of the nature of primary parenchyma or 
cambium ; and the entire oe of growth is governed by ~ 

I 
‘ 
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a single apical cell. True roots provided with a root-cap 
are also altogether wanting. 

The cell-walls usually consist of ordinary unlignified 
cellulose, which is coloured blue by iodine and. sulphuric 
acid. It is worthy of note that the cell-walls of Algze have 
a great disposition to become converted into a mucilaginous 
substance, causing the entire organism sometimes to become 
surrcunded by a gelatinous envelope, while in other cases a 
stalk-like mass of jelly connects the Alga with others of the 
same kind, or fixes it to its substratum. Many are cal- 

careous, and the calcium carbonate is, in some cases, as 

Corallina, deposited in the cell-wall ; while in others, as 

Cymopolia, it is excreted into the intercellular spaces. The 
cell-walls of the Diatomacez form, in 

consequence of the deposition in them 
of silica, actual coats of mail which are 

not destroyed either by decay or at a 
red heat. Although the Diatoms are at 
most o°I mm. in diameter, these sili- 

ceous coatings form strata which are 
not without importance in building up 
the crust of the globe, as in the case of 
emery and infusorial earth (Fig. 38, 
p. 22, and Fig. 381). 

It is rare for the cells of Algz to 
possess a nucleus ; but they often con- 

tain starch. The presence of chloro- 
phyll is of special importance ; and this 
is invariable, although often concealed 
by pigments of various colours. These 

s ; Fic. 381. — Grammntato- 
combinations of colours are remarkably —piora sublilissima, a 
constant in large natural groups. Thus Hes hee ee 
the Nostocacez are of a bluish or light- 
green colour, the Diatomacez yellow, the Fucaceze brown or 

olive, and the Floridez of a beautiful rose-red. Both the 

chlorophyll and the other colouring matters sometimes form 
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granules in the living cells, sometimes broad biadd often. 
curved spirally, as in Sperogyra (Fig. 41, p. 25), sometimes 
elegant discs, the forms of which are characteristic of par- 
ticular genera. It is also not uncommon for the chlorophyll- 
grains to be imbedded in coloured fluids. On the death | Sa 
of the plant these colouring matters commonly undergo a 

change, so that, when dried, Algze seldom retain the beauti- 

-ful colours of the living plant. | 
The reproduction of Algze is effected in a number of 

different ways ; viz. :— 
1. By /ésszon or Division ; the plant dividing into two 

new individuals. This occurs especially in the Diatomacez. 
| 2. By Gemme, which become detached from the parent- 
plant as single cells, rarely as masses of cells, and grow into 

new independent plants. Of this nature are the ¢efraspores 

of the Florideae (Fig. 382) ; and a similar mode occurs also 
in Spirogyra, Zygnema, Ulothrix, &c. 

3. By Swarmspores or Zoospores (Fig. 82, p. 56, and Fig. 

385). One or more naked primordial cells are formed ~ 
free-cell formation in a particular cell of the parent-plant, 
become free by rupturing its cell-wall, and then swim about 
in the water for a longer or shorter time, like infusoria, by - 
means of two, four, or a larger number of vibratile cilia with 
which they are provided. ‘They are microscopic and desti- 
tute of a cell-wall ; but, after gradually coming to rest, de- ~ 

velope a cell-wall of cellulose, and then grow into a new . 
Alga. They occur in both freshwater and marine Alge, 
Vaucherta, Gdogonium, &c. 

4. By the formation of Oospores or Embryos from the 

coalescence of the contents. of two cells. The simplest 
variety of this process is that known as Conjugation, in 
which no difference is perceptible between the fertilisng 
and the fertilised cells (Fig. 54, p. 32, and Fig. 383). This 

occurs in the Conjugate and Diatomacez. Less frequently 

two swarmspores, one of which exceeds the other in size 
many times, coalesce, the product of their union being 2 a. 
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Special Morphology and Classification, 25% 
single reproductive cell, as in Pandorina and Ulothrix. 

‘This last form of conjugation constitutes a connecting link 

between the modes of reproduction by swarmspores and by 

oospores. Those processes of impregnation are more com- 

plicated in which the two cells which share in the produc- 

tion of the embryo are unlike. The fertilising [male] body 

is in these cases termed a sfermatozoid, antherozotd, or 
_———__ 

Fic. 382.—Tetra- Fic. 383.—Conjuga- Fic. 384.—Vaucheria hamata: a oogo- 
spores of Coral- tion of CJlosterium nium open at the apex; 6 antheridium 
lina cupressina, Lunula, a Desmid also open, from which the antherozoids 
enclosedinthecon- (greatly magnified). | areescaping; c parent filament ; dsingle 
ceptacle cut open. antherozoids more strongly magnified: 

(a-c X 400.) 

Sperm-cell ; the mass of protoplasm which has to be fer- 
tilised [female cell], an vosphere or Germ-cell. The latter 
are many (often several hundred) times larger than the 
former. The antherozoids are first fornied in a cell which ~ 

is called an enthertdium, and the oosphere is the result of 
the contraction of the protoplasm of a special cell termed 
the oogonium. In Vaucheria, Fig. 384, a number of elon- 

gated antherozoids are formed in the antheridia, here called 
‘horns ;’ these penetrate into the oogonium through an 
opening formed in its cell-wall at the period of its maturity, - 
and finally reach the oosphere. The latter clothes itself, 
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| after fertilisation, with a membrane of cellulose, cre. becomes 

the oospore or embryo. This embryo assumes the form of 
a resting-spore, which does not germinate at once, but 1 is set 

Fic. 385.—I. A, Filament of 2dogonium ciliatum: x cells 
which produce the swarmspores; og oogonium with 
dwarf-male 7 ; B, oogonium at the moment of i impregna- 

vie tion; 0 oosphere : gz antherozoid in the act of entering ; 
m dwarf-male ; Cc, O. gemilliparum: piece of a filament 
in which the swarmspores z are being formed, from which 
the dwarf-males are produced (x 250). II. Swarmspores 
of Edogonium: A, before escape from their mother-cell ; 
B, in Na act of escaping ; C, when set free. (After Prings- 
heim. 

free when the Alga itself decays, sinks to . 
the ground, remains dormant through the 

isi\ winter, and germinates in the spring. In 

eatin (Fig. 385) the oogonium is acell of the filament 

itself. The multicellular antheridium or ‘Dwarf Maie’ is 
formed from a peculiar swarmspore [androspore| which 

attaches itself to the oogonium. Only a single antherozoid — 
is formed in each cell of the antheridium, which escapes 



The result of this impregnation is seen 
sometimes at the base of the trichogyne 
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through a slit and forces itself into the oogonium through an 
opening formed at the same time in its cell-wall, and finally 
reaches the oosphere, which then developes into a resting- 
spore. In the Florideze the antherozoids — ® 
[are unprovided with cilia and] are only : i" 
moved about passively in the water; they 
attach themselves to a hair-like cell, the. Pe: % 
trichogyne, emptying their contents into it. Ch 

(in WVemalium, Fig. 386), sometimes in i: ee 

adjoining cells (in the Ceramiacez), some- ae 
‘times (in Dudresnaya) in altogether dif- : oe 

ferent branches, on which cystocarfs are at 
formed, which contain the oospores. : | a) 

In many sections of Algz different : ie 

modes of reproduction occur in the same 
species; and these are often associated 
into an Alternation of Generations ; by 
which is meant that the mode of repro- 

duction varies according to the genera- 
tion. This occurs especially in the fresh- 
water Algze, where an individual which is 

developed out of a swarmspore itself pro- Fic. 386.—Fertilisation 

duces sexual organs, and wice versa. of Nemala7e oe 
tifidum; the globular 

Alge are submerged water plants, or antherozoidsat the apex 
: j of the trichogyne. 

at all events require water for their pro- 

cesses of development, and especially for their reproduc- 
tion. Certain vital phenomena, as for instance the alter- 

nation of generations and the production of swarmspores, are 

sometimes dependent on immersion in water following 
the drying-up of the cells. The degree of concentration 
of the fluid in which Alge grow has also a great influ- 
ence on their development. Chlorococcus infusionum, for 

example, propagates itsclf in a less dense nutrient fluid 

by means of swarmspores, in a more concentrated meé-— 



aia by breaking up into ated Bek Auden foe when % 

these spherical cells become closely crowded. together by 
the gradual evaporation of the fluid, they coalesce into a_ 
pellicular stratum, the individual globules assuming a “poly- 
gonal form in consequence of their mutual pressure. This ~~ 
latter form was at one time described under the name Zzm- 

nodictyon Remurianum, Al\gee are rarely true parasites, 
although they very commonly inhabit the surface of other 
plants ; they much more often obtain their food by direct 
assimilation. They may be classified according to their 
habitat into Freshwater and Marine Alge. The former are 
mostly green, and are found plentifully in any stagnant 
water or ditch in the spring and summer, and not unfre- 
quently contribute, by their process of vegetation, to the 

removal of substances decaying in the water. The red, 
- green, and brown marine Algz are larger and of much greater 

beauty ; some of these live only in the breakers, others only 

on the quiet bed of the ocean. ‘They very often occur in— 
great masses; the largest of these is the ‘ sargasso sea,’ which 

“occupies several thousand square miles in the Atlantic be- 
tween 19° and 34° N. iat. and 34° and 36° W. long., the 
surface of the sea being covered with detached sterile masses 

of the ‘ gulf-weed, Sargassum natans (Fig. 387). Sarcina or 
Merismopedia ventriculd is commonly found in the gastric 
juice of man ; and it is still an undecided question whether 
these cube-shaped cells united together in strings are of 
pathological character ornot. The number of types included 
in Algee is not remarkably large; but that of the individuals 
which are collected in masses 1s enormously great. | 

The gelatinous substance of the cell-walls gives to | 
several kinds of Algze the property of being used as articles 
of diet, such as the species of Zaminarza and Ulva (green 
laver) on the coasts of Scotland and Ireland, and the ‘carra- — 

geen moss’ which is obtained from Spherococcus crispus and — 

mammillosus. ‘The ashes of the larger marine Algee were at 

one time largely employed, as kelp, in the manufacture of — 
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alkali, and still are for that of iodine. Gigarthina helmin- 
thochortos furnishes ‘worm-moss,’ but is usually adulterated 
with other species of marine Algz. | 

It cannot be said that there is at present any classifica- 

tion of Algez on a truly scientific basis. In its place a 

Fic. 387.—The gulf-weed, Sargassum natans, with globular berry-like swimming- 
bladders (natural size). 

selection may be made of typical forms, round which the 
rest group themselves. | , 

The NostTocacE form filiform unbranched rows of cells. The 

filaments are free in Oscéllatoria ; while in /Vostoc they are enclosed in > 

gelatinous envelopes, and by the melting of these are often united into 
larger colonies. The vegetative cells, which are capable of dividing” 
into daughter-cells, contain a homogeneous or granular protoplasm of a 

255 
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bluish-green colour, caused by the mixture of the colouring matterof = 
chlorophyll with a blue and yellow pigment. The form of the inst eY is 

dividual cells is discoid or nearly spherical. But little is known of ied 
their mode of reproduction. . Piha gs 

The HypDRODICTYE contain pure chlorophyll, and are distin- : 

guished by producing a large number of swarmspores which, after 

coming to rest, unite into a family. This is of tabular form in Pedias- 

trum (Fig. 58, p. 37) 3 in Hydrodictyon a sack-like wide-meshed net. 

The VOLVOCINE form colonies which are quadrangular in 

Gonium, spherical in Volvox [and Stephanosphera], the cells being im- 

bedded in a hyaline jelly. The whole colony is carried in a circular 

and progressive movement by the vibratile motion of the cilia which — 

project from the separate individuals through the jelly into the water.’ 
The CoNJUGAT are distinguished from all other Algz by their 

reproduction by the process of Conjugation. In the Zygnemez and. 

Mesocarpes the conjugation takes place between cells belonging to 

different unbranched filaments (Fig. 54, p. 32); in the Desmidiez 

(Fig. 383, p. 251) between isolated cells. [The resting-spore resulting 

from the conjugation is called a zygospore.| The Diatomacez (Bacil- 

larieze) are nearly allied to the Desmidiez. Their cell-wall is trans- 

formed into a siliceous coating, often showing markings of the most 
. beautiful delicacy (Fig. 38, p. 22, and 

381, p. 249); and the two halves fit 

into one another like the halves 

of a pasteboard box. ‘They are pro- 

i pagated by repeated bipartition: but 
=3  \S' the diameter of the successive genera- — 

ee 

SS, 5 Ge tions gradually diminishes until at 

SN = length it attains a minimum. This 
= S_F - ess is then intcrrupted Eee aa =~ Process is then interrupted by the form 
AA SS ation of larger cells or auxospores, and 

\ individuals are produced which reach 
the maximum size of the species, but 

Fic. 388.—Gomphonema hyalinum, a in other respects exactly resemble their _ a 

social Diatom, attached to a thread parent-cells. In these the process of vs 

of a Conferva (greatly scene): | bipartition is then again oun ein 

- 

1 [ Protococcus is a genus of Unicellular Algze but imperfectly known, 

and generally referred to this family. The species consist of single ay 
swarmspore-like bodies with a more or less evident gelatinous envelope 6 ea ds 

cellulose, through which protrude two vibratile cilia. They move’ — 43 

actively, and are multiplied by division during the active state, finally 

settling down into a resting-state. See also p. 261,.—-EpD.] ~ ;) 
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They excrete a thin jelly, in which they often live enclosed as colonies 

(Fig. 388). They are especially distinguished by their apparently 
voluntary movements. 

The SIPHONE consist of a single sac-like, often branched cell, 

the free part that does not root in the ground containing a parietal 

layer of protoplasm with abundance of grains of chlorophyll, [but form- 

ing no nucleus]. They are propagated by oospores, swarmspores, and 

gemmee, as in Vaucheria (Fig. 384, p. 251). To this class belong also 

Botrydium (Fig. 81, p. 55) and Caulerpa (Fig. 380, p. 247). 

The FuUCACE are large brown or olive-coloured seaweeds, often 

many feet long [as in Sargassum, Fig. 387, p. 255], and of a cartila- 

ginous texture. They are attached to stones [or other Alge] by a 
branched attachment-disc. Their L 

branches, which are often beauti- ‘aN | 

fully dichotomous, all lie in one AN Saha 

plane, or can be reduced to one ai sy 

without violence tothe plant. From ee Nee) 2a 

the dead plant cold fresh water YN 

extracts a leather-brown pigment. 

They very commonly form air-cavi- 
ties in the interior of the tissue [or aN 

occasionally elevated on distinct ee 
stalks, as in the gulf-weed (Fig. 

387)], which swell outwards like 

bladders and serve as swimming- 

bladders [as in the common bladder- 

wrack, Fucus vesiculosus]. They 

are propagated by oospores (Fig. 

389). The oospheres are set free 

by the bursting of the oogonia, and 

are fertilised outside the plant by 
the antherozoids. Some _ species IL. 

are moncecious, bearing both kinds 

of reproductive organs [which are 
contained in male and female cow- ET oe 
ceptacles| on the same plant; others IEG 
are dicecious, one individual pro- ye 

ducing antheridia only, another in- 
aos : FIG. 389.—Fucus vesiculosus; \. ¥ dividual oogonia only. _ thallus ; 1 fructification ; v air- 

Nearly allied to the Fucaceze bladder (natural size); II. anther- 
are the LAMINARIE, which re- ozoids (greatly magnified). 

semble stalked leaves (Fig. 390). They are reproduced by rather 
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large swarmspores provided with two cilia, which are formed in in- 
definite numbers in special cells. No process of impregnation has been 

at present detected in them. 

_ The FLORIDE# are red or violet- epfoured seaweeds, the green 
colour of their chlorophyll-grains being concealed by a red;;pigment 
which can be extracted by cold fresh water. They are propagated 

[sexually] by means of oospores formed in capsular fruit-like cells, the 
cystocarps (see Fig. 386, p. 253), and [asexually] by éetraspores (Fig. 

382, p. 251), produced in fours in special cells. 
The CEDOGONIE, to which allusion has already been made, differ 

so greatly from other Algze in the processes which accompany their 

reproduction, that they cannot be included in any of the classes already 

named, but form a distinct one by themselves (see Fig. 385, p. 252). 

The SCHIZOMYCETES form a kind of supplementary class ; a group 

of small organisms so near the extreme boundary of visibility that the 
separate individuals appear only as minute dots or rods even under the 

most powerful enlargement. All these organisms are characterised by - 

the ease with which they break up into their separate cells as soon as 

they come into contact with the atmsophere, from which circumstance 
they have received their name. ~They include the forms known as 

Termo, Bacterium, Vibrio, Spirillum, Leptothrix, &c. (Fig. 391). 
There are, however, apparently dis- 

tinct genera and species belonging l Og on, > 

to this class, which exist on par- u bey Ya? oe 

ticular nitrogenous compounds, and ie yi, ee } 

which are probably the: cause of Cee 
different modes of decomposition of \ rane 

their substratum. They multiply 

by transverse division into two simi- 

lar daughter-cells, which either be- pyc. 397.1. Bacteria: IL. Vibriones 

come isolated at once, or remain III. chain of Leftothrix; IV. gela- 
: 3 tinous colony of Zooglea choleree ; Vv. 

connected for a considerable time, S4oronema gracile. (x 1000.) 
and thus develope filiform or tabular | 
colonies of cells. They usually grow in water, splitting up the nitro- 

genous compounds which are contained in it into ammonia which sup- 
plies them with nutriment, and other substances which arise as second- 

ary products of decomposition. Such decompositions of nitrogenous 
substances are known as futrefaction, and the Bacteria are the sole 

causes of it, while the moulds and infusoria commonly found in putre- 
fying substances must be considered only as accompaniments of putre- 

faction. Solid nitrogenous compounds which are insoluble in water 

are rendered fluid by the agency.of Bacteria. These bodies usually 
5 2 

\ 
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possess a power of movement ot various degrees of aétivity, oat Sys 

in vibrations and a creeping motion backwards and forwards ; but the | 
causes and mechanism of these movements are not yet certainly known 
in any case. As soon as the nitrogenous substances in the substratum 
are entirely consumed, the Bacteria gradually cease multiplying, and | 

pass over from their motile to their stationary condition, usually excret- 
ing at the same time an intercellular substance, and congregating into 

gelatinous colonies (Fig. 391, IV.). In this state, when they are known 

as Zooglea, they still continue to grow, divide, and, under certain cir- 

cumstances, again to become active. Those Bacteria which develope 
in damp air on nitrogenous nutrient substances also form gelatinous 

masses ; they usually produce, as secondary products of their process of 
assimilation, red, violet, yellow, green, and brown colouring substances. 

The Schizomycetes, being all unicellular, are at present included under 
Algze, among which they show the nearest affinity to the Nostocacez. 

They were at one time placed among Fungi, to which they show an 

analogy in their mode of life, since they live on organic substances, 

obtaining their nutriment from them ; all fluids, in fact, which con- 

tain organic substances undergoing decomposition, have particular forms | 

of the Schizomycetes, and usually in large numbers. It is, neverthe- 

less, still an open question whether these organisms belong to the 

animal or vegetable kingdom, or whether they occupy an intermediate 

position between the two, partaking of the characters of both, or may 
be erected into an independent kingdom, the Protista [of Haeckel], ie 

point of departure of the two others. 

When water which contains living Bacteria is evaporated, a great 
number of these organisms are carried into the air, and in particular the 
most minute globular forms, the J/ecrobacteria. The germs of Bac- 

teria which, in consequence, rise into the air whenever putrefying fluids 
are evaporated, are carried down everywhere by rain, are sucked in 

with the air in breathing, and hence become causes of putrefaction in 

all nitrogenous substances exposed to the air, since their vitality is not 
lost in the atmosphere. Of this nature are many and possibly all causes 

of putrefaction and the propagators of contagious diseases. These Jatter 

are mostly immotile globular Bacteria (Sperobacteria), often united 

together into clusters, drinking-water being usually considered the 

medium of their propagation. ‘The blood of animals attacked by con- 

tagious diseases generally contains, a considerable time before their 

death, a prodigious number of Bacteria—straight, rigid, cylindricalrods 

which are bent at an obtuse angle in one or two places, extremely 
slender, and usually not more than from ‘004 to ‘o12mm. in Jength. 
In the intestines, excrements, and vomit of cholera-patients are found, 
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at least at the commencement of the attack and possibly as its cause, 
enormous quantities of organisms, the identity of which with Zoog/aa 

Tei mo, or their difference from it as a separate organism under the 
name Z. cholere (Fig. 391 Iv.), has not yet been determined. Under 

the Schizomycetes must also be included Leptothrix buccalts (Fig. 391 

I1.), an organism which always occurs in the mouth, especially in the 

mornirg, but is in general without significance as a morbificant. 

It consists of extremely delicate transparent filaments, which, neverthe- 
less, appear to be composed of separate cells, since they break up into 
sharply defined pieces simply on being touched. To this class belongs 

also the substance knewn as Monas prodigiosa, closely resembling the 

red corpuscles of the blood, which sometimes appears in prodigious 

quantities on bread and similar substances. 

[As Protococcus is one of the types of organic life to 
which, special attention is called in the new syllabus for. 
the science examinations at the University of London, a 
somewhat more detailed account may be given of what is at 
present known respecting it. It is found very abundantly 

in the mud where rain-water collects, and 1n similar situations. 

In its most ordinary form, each individual consists of a — 
single, nearly spheroidal, cell from ‘oo3 to ‘oooor inch in _ 
diameter ; and varying in colour from bright green to bright . 
red, according to the relative proportion of a green and a 
red colouring matter diffused throughout the protoplasm, or 

occurring in the form of granules. In this form it multiplies 
with great rapidity by fission, z.e. by simple cell-division ; 
and is also stated occasionally to increase by gemmation 

or budding. The individual Protococcus performs all the 
functions of an ordinary vegetable cell, respiring, ze. 

absorbing oxygen and giving off carbon dioxide in the — 
dark, in consequence of the oxidation of its substance, 
and probably also in the daytime, although the process is 
then concealed by the opposite process of nutrition, or the 
decomposition of carbon dioxide and elimination of oxygen, 
which is effected by the chlorophyll under the influence of 
sunlight. ‘The change to the active condition takes place in 
the following way. The protoplasm withdraws itself from 
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the cell-wall at all but two points, where it protrudes ‘itatiph Fae 
the wall in the form of long vibratile cilia, by the motion of . 
‘which it is propelled through the water. The cilia are ex- ‘a 

tremely delicate, and are invisible except when moving very 
slowly, or when artificially coloured by some reagent, as — 

iodine, which, however, kills the plant. In this condition it - | 
sometimes loses its cell-wall, and swims about as a naked 

primordial cell. Eventually, however, it loses its cilia, 
clothes itself with a coat of cellulose, and becomes quiescent. 
In this state it may retain its vitality when dried up, even 
for years ; and will then resume its activity when again placed 
in water.—ED. | 

Crass, IL. Fier: 

The elements of which the vegetative parts of Fungi 
that do not subserve the process of reproduction, consist, — 
are hyphe, or filaments of cells destitute of chlorophyll, 
which usually branch repeatedly by lateral ramification, and 
grow only at their apices. Ina small group which forms a 

transitional step from Algz to Fungi, the Phycomycetes, 
the entire vegetative portion of the Fungus consists of 
a single undivided cell. The next group in the ascending 
series, the Mould-fungi, consists only of a single often much 

branched filament of cells. Even in the highest forms the 
filaments either run parallel to one another, or in an irre- 
gularly complicated mass, but often forming structures of an 

externally definite form characteristic of particular species. 
Sometimes the hyphz are compacted at particular parts into 

a dense parenchymatous structure, known as a pseudo-paren- 
chyma, as on the surface of the larger Fungi, where it forms 

their skin. | leo Se 
A number of unicellular organisms, such as, especially, ) 

the Yeast-fungz, which form cloudy or slimy precipitates or 

pellicles on the surface of organic. bodies in a state of de- 
composition, are also usually included in this class, It is, | 
‘however, still doubtful whether these organisms are only — ae 
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particular stages in the development of higher Fungi, or are 
independent forms of life arising from specific germs of their 

own ; the beer-yeast, for example, being a low type of the 

Ascomycetes. (For further particulars see p. 277). 
The cell-wall of Fungi consists of cellulose, which how- 

ever 1s only very rarely coloured blue by iodine and sul- 
phuric acid, and is therefore considered a special modifica- 
tion, under the name Fungus-cellulose. Very often the 
outer layers of the cell-wall swell up and pass over into a 

gelatinous or mucilaginous condition. 
The cells of Fungi contain neither nucleus, starch- 

grains, nor chlorophyll ; but their characteristic contents 
are a fatty oil. Calcium oxalate is very commonly found 

on the surface of the cells, very rarely in their interior. 
The thallus of Fungi consists of two principal parts, the 

mycelium and the receptacle. ‘The former is developed at 

once on germination, and either consists of simple filaments, 
or forms loose flocculent masses, branching bundles, pelli- 
cular expansions (as Penicillium when growing on fluids), or 

finally, compact tuberous masses, the ‘ sclerotia,’ as in ergot. 

Its term of life is longer or shorter, often several years, and 

it produces the receptacles only once or repeatedly (z.e. may 

be either monocarpic or polycarpic). 
The receptacle or stroma is, as a rule, the most con- 

spicuous part of the Fungus, and is popularly regarded as 
the whole, as in the mushrooms. Fertile hyphe, consisting of 

only a single filament, usually erect, are distinguished from 
true receptacles of a compound structure. , 

In the fertile hyphz the terminal cells of the principal 
filament and its ramifications become the mother-cells of 
the reproductive cells or spores, their growth as a rule then 
ceasing. <A fresh growth of the lower portion, however, 
frequently begins after the ripening of the first spores, which 
soon again terminates with a new formation of reproductive 
organs, the process being sometimes again repeated after a 

time. ; | 
Cd 
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The receptacle varies greatly in its external form" he bs em 

the production of spores is almost always limited toa par- < 

ticular part, the Aymentum. Thus, for example, in the 
mushroom-shaped Fungi (Agaricini) the spores are formed _ 
only on delicate plates on the under side of the Azlews. 
In many cases the receptacle is naked ; in others the lower 
side of the pileus is covered with a membrane which is 
ruptured when near maturity (Fig. 392) (velum partiale or 
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FG. 392.—Mushroom, Agaricus campestris; one young globular and two mature 
receptacles, a pileus; 4 lamellz ; c annulus (natural size). 

annulus); or often the pileus and stalk are both enveloped 
in such a membrane (ve/um universale), or occasionally both 
are present (Fig. 393 1). In the Phalloideze and Tuberacez, 
as Bovista and Zuber, the hymenium, to which the term 

gleba is also given in these cases, is distributed into 
chambers, and is found in simple or double sacs or recep- 
tacles, the pertaza (Fig. 394), enclosed on all sides. The 
Pyrenomycetes, finally, have small flask-shaped receptacles, 
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Fic. 393-—I. Agaricus rubescens ; the receptacle (natural size); s stipes; v velzume 
universale, a velum partiale or annulus. II. Part of a longitudinal section 
through the hymenium of another species : a pseudo-parenchyma ; 6 hymenium ; 
¢ spores. (X 400. 
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the conceptacles or perithecia, usually opening outwards by e 

a small orifice, the simple internal cavity of which is almost 
completely filled up by the soft hymenium (Fig. 395). 

The reproductive cells are either the result of a process. 

20 
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PG. 394.—Truffle, Tuber melanosporum: 1. receptacle (the part that is eaten); 
II. a part of the receptacle, with spores in different stages of maturity, the 
outer cortical layer below (strongly magnified) ; III. sporangium with two spores 
(more strongly magnified). a 

of impregnation or not ; in the latter case they are called 
simple sfores, and their mother-cells sforangia ; in the 

former case different names are 
Vos Z given to them according to their 
I ZENO mode of formation. 

Reproduction by spores is by 
far the most common mode among 

Fungi. The spores, however, vary 

y SSS. 

Yi / 

formation ; in some species two, 

(Spheriaceze): @ mature peril-  , : es . 
thecium ; 4 spore-sacs or asci. ation 1s of three principal different 
(x about 150.) lenge 

greatly in their form and mode of 2 

three, or even four forms have been ~ 
observed, forming a single cycle of 

Fic. 395. — Nectria inaurata development. ‘Their mode of form- 
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1. By Deviston . 7.0. by the contents of a sporangium 
breaking up entirely into spores (in the Mucorini, Fig. 396), 
or being transformed by segmenta- 

tion into a sporidesmium (Fig. 397). 
2. On basidia ; te. on the apex ay 

(oe 20a hn, 1.) OF -onetiic: Taore?* 
filiform or pointed protuberances, iS \ 
sterigmata (Fig. 398 111.) of special 
cells. Such spores are called dasz- 

diospores,  acrospores, OY 

exospores; and they may 

either be formed simulta- 
neously or may become de- 
tached successively. The 
former mode occurs in the 
Asancim (Fig. °°'393° 11., 
mor 205 the: latter. : m 
Penicillium (Fig. 1, p. 7). 
Those that become de- 

Fic. 396.—Ascophora Mucedo: 1. an entire 
plant with six sporangia in different stages 
of development (strongly magnified) ; II. 
single spcrangium with spores 6 (x 200). 

tached in succession, or abstricted, usually form threads, 
the younger spores placed on the apex of older ones, and 

III. 

ale 

Fic.397-—-Compound Fic. 398.—I. c Basidiospores of an Agaric: a cells of the 
spore (sporides- hymenium; 4 basidium (x 300): II. s basidiospores of 
mium) of Spheria Geaster hygrometricus ; m mycelial filament; 4 basidium _ 
Scirpi (after De (after De Bary; x 390) ; III. a@ three basidia or sterigmata 
Bary; X 390). of Exidia spiculosa ; 6 basidiospore (strongly magnified). 

the oldest on the basidium. In a few cases, as Cystopus 

=| 
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and Leronospora, sporangia are formed instead of spores — 

on the basidia. Spores which become abstricted in this 
way from the apex of filaments have been termed conddia ; 
if formed in special receptacles or pycnidia, they are stylo- 
Spores. 

3. In asct or thece (Fig. 399). The spores, here called 
ascospores, thecaspores, or endospores, are usually formed 
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Fic. 399.—I. Transverse section through a receptacle of Ascobolus pulcherrimus 
(magnified) ; II. a part of a receptacle consisting of asci in various stages of de- 
velopment, and paraphyses (more strongly magnified). 

simultaneously in definite number (in most species eight), 
in the interior of a sac-like cell, the Ascus or Theca, which 

they do not entirely fill up. The asci are usually surrounded 
by paraphyses, t.e. unbranched unicellular or multicellular 

hairs which are formed beside them, usually in large numbers 
and running in the same direction. Special receptacles in 
which asci are formed are called perithecia (Fig. 395, p. 266). 

The further behaviour of the spores also exhibits a 
variety of differences. ‘The Swarmspores or Zoospores 

break through the wall of the cell in which they are 
formed and which is called a zoosporangium ; and then 
swim about for some hours or even days, as if endowed with 
voluntary power of motion, by means of their vibratile cilia; 
after which they become fixed and develope into new plants _ 
(Figs. 400, 401). The greater number of spores, however, 
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are not endowed with motion of this kind. In some in- — 
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"stances they germinate immediately after attaining maturity, 

in other cases where they have thicker coats, only after a 

Fic. 400.—Swarm- 
spores of Perono- 
spora infestans. 

(x 390.). 

Fic. 401.-—I. Fly which has putrefied in water and become surrounded by the fila- 
ments of Sapvolegnia ferax (natural size); II. end of one of these filaments 
(greatly magnified) ; III. protoplasm of the end of the filament collecting into ~ 
globular masses : IV. biciliate swarmspores produced from the protoplasm escap- 
ing from the cell. (x 300). 

definite longer time, so that they appear especially adapted | 
for hibernation, and are termed vresting-spores or teleuto- 
spores. Differences also exist in the mode of germination, 
many spores developing at once into a new plant, while 
others first produce spores of a second order or sporiaia, 
which then put out sacs or pro-mycelia (Fig. 407, p. 273); 

and these then either repeat the same process or develope 
into perfect plants. To this class belongs the so-called 
Budding of yeast, 7.e. a continual formation of sporidia 
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under special circumstances (Fig. 402). Reenibling this Tipe 
the mode of reproduction by gemme. Special filaments of = 
the Fungus break up by repeated transverse division intoa 

row of cells capable of germination, which then propagate 
the parent organism by multi- 2 7 
plication in the ordinary manner. : | 

In only comparatively few 
cases 1s a sexual reproduction by 
oospores (embryos) known among 
Fungi, resulting from the reci- 

Fic. 402.—Beer-yeast, Saccharomyces Fic. 403.—Process of impregnation 
(Zorula) Cerevisie. (X 450.) of Saprolegnia moncica: a an- 

theridia; ¢ fertilising tubes 
which penetrate into the oogonium 
ay g + mycelial filaments, 

procal influence on one another of two cells of different 

kinds. In the Saprolegniex (Fig. 403) and Peronosporez 
the female cells or cogonza are spherical, full of protoplasm, | — 

and usually terminal. Their protoplasm collects into one 
or more globular masses, the vospheres, which have at first 

a smooth surface, but no cell-wall. During the formation oy 

of the oogonium slender branches from its pedicel or from 
neighbouring filaments grow out towards it. The upper end 

of one or more of these branches becomes firmly adherent — 
to the oogonium, no longer grows, swells up somewhat, and | 
becomes separated by a septum into an independent cell, 

the fertilising axtheridium. As soon as both the oogonium | 
and antheridium have attained their full size, and the oo- — 
sphere is at least in process of formation, the antheridium i 
puts out one or more beak-like protuberances, the fer 

lising tubes, which pierce the wall of the oogonium. Inthe 
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Saprolegniez these tubes give way at the end, and inject 
their contents—minute ‘motile bodies scarcely ‘ooz mm. in 
size, the antherozotds—into the oogonium. In the Perono- 
sporeee, on the contrary, the fertilising tubes do not burst, but 

only touch with their apex the oospheres, which then become 
covered with a cell-wall of cellulose, and develope into the. 

unicellular vospores. Closely allied to this is the mode of 
fertilisation in the genus Lryszphe. The antheridium does 
not here put out any fertilising tubes, but only becomes closely 
adpressed to the oogonium ; this latter does not produce a 

simple oospore, but developes into a perzthectum which is 
multicellular and contains the spore-forming sacs. The 
process of Cozjugation in some Mucorini must also be men- 

tioned. An instance of this occurs in RAzzopus nigricans, 
in which, when two filaments come into contact, each puts 

out, in the direction of the other, a cylindrical protuberance 

resembling the filament itself (Fig. 404). These two pro- 

II. Ill. IV, Vi 

1@ 
= 

op \( 
Fic. 404.—Formation of the zygospore of Rhizopus nigricans: 1,-V. successive 

stages of development ; V. s the mature zygospore. (x 60.) 

ei 

tuberances become closely adpressed to one another by 
their ends, and grow into a club-shaped body, in which a 
quantity of protoplasm collects. When both have attained 
a certain size, a single cell, the conjugating cell (c), becomes 
separated at the upper end of each, the partition-wall be- 
tween the two soon disappears, and they unite into a repro- 
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ductive cell, the zygospore. This continues to grow, andat. 0) & 
length attains a diameter of more than o72mm. To this 
class belong also the sfermatza of the Ascomycetes (Fig. 
405), Uredineze, and some other Fungi, which are believed, 
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Fic. 405.—An ascus of Péeztza sur- Fic. 406.—Pucciuta graminis: ab 
rounded by filaments from which cells of the leaf of the host -(Berdberis 
spermatia are being detached vulgaris); the. spermatia c are 
(greatly magnified). escaping from the spermogonium 

(after De Bary, x 200). 

and probably not without reason, to contain sexual elements. 
They are small, usually narrow, rod-like bodies which are 

abstricted singly or in rows (as in the Uredinez) from the 
apex of narrow filaments (sterigmata or basidia). ‘They are 
almost always formed in large numbers, and often in special a 
receptacles, the spermogonia (Fig. 406). 

It has long been known that certain forms of Fungi are 
always produced in a definite order of succession with re- 
spect to one another ; but Tulasne was the first to show, in 
1851, that one and the same species may have organs of 
reproduction of several different kinds, and that the phe- 
nomenon referred to has the most intimate connection with 
their course of development. Still more recent investigations 
have shown that many Fungi, in addition to this Polymorphy - 
of the reproductive organs, exhibit also, in the course of: — 
their development, a regular A/ternation of Generations ; so ve 
that many genera which had previously been considered dis: 
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tinct on the ground of the nature of their spores, must now 
be regarded as different forms of the same plant. Thus, for 

example, the mycelium of the Peronosporeze produces first 

conidia and afterwards oospheres. From the germination of 
the zygospore of RAzzopus nigricans a germinating filament 

arises, which developes directly into a number of sporangio- 

phores ; when its spores (conidia) germinate on a suitable 
substratum, a mycelium is produced on which arise first 
zygospores, and subsequently sporangiophores around these. 
From the mycelium of Mucor Mucedo are developed first of 
all vigorous receptacles with terminal sporangia; the same 
mycelium frequently puts up at a later period receptacles 

with a great number of small sporangia, sometimes called 

sporangioles, which contain only two or a small number of 

spores ; and this form is described by some under the names 
Thamnidium elegans and Ascophora elegans. 

According to some authorities again, beer- 

yeast, Saccharomyces (Torula) Cerevisie, is 

developed in wort from the spores of the same 

Mucor; while others, with greater probability, 
regard it as an independent organism. 

The most familiar instance of this alter- 
nation of generations occurs in some Ure- 
dineze, as in the common ‘rust’ of corn, Be 
Puccinia graminis. The resting-spores of 4 -e\\/} 
this Fungus produce on germination a pro- asa) 
mycelium which bears three or four sporidia 
(Fig. 407) ; these produce first spermogonia 
(Fig. 406), then cup-shaped organs which 
were at one time described as a distinct F'6 407-—Pxecinia 

graniints ; a@ ger- 

species under the name -4Acaitum. The @cf- minating ' teleuto. 
§ spore with a _pro- 

diospores formed in these organs give rise mycelium from 
to resting-spores (teleutospores, which again Rige Toate ie 
either originate the whole series afresh, or fat 
produce the wredospores, out of which nothing but fresh uredo- 
spores arise. The form of the Uredinex which produces the 

‘> 
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fesaepares was also formerly regarded as a distinet genus 
under the name Uredo. 

In the Pyrenomycetes there are four kinds of reproduc- 
tive organs, which are, as a rule, produced at different times 
on the same mycelium or receptacle. These Fungi usually 
first produce conidia, then spermatia enclosed in spermo- 

gonia, then stylospores within pycnidia, and finally asco- 
spores in perithecia. Any of these members of the series 
may, however, be wanting, except the perithecia. 

_ All Fungi—since they do not form chlorophyll—-require 
for their nourishment the previous formation of an organic 
substance ; they do not possess the capacity of assimilating 
food-materials, ze of transforming them into substances 
which will directly support their life. Many are therefore 
Saprophytes, growing on dead organic substances in a state 
of decomposition ; others are Parasites, growing on lying 
animals or plants. Many Fungi are Audophytes, living in 
other organisms ; only a few Zpzphytes, living upon them. 

Many Fungi go through their whole cycle of develop- 
ment on the same substratum ; in others the alternation of — 

generations already described is connected with a change of 
the ‘h st’ on or in which they live. Thus, the resting-spores 

of Puccinia hibernate on the haulms of grasses ; while the 
germinating filaments developed by the sporidia which are 
produced from them in the spring never germinate on grass, 
but penetrate into the epidermal cells of the leaves of the 

barberry, and rapidly develope there into the Fungus pre- 

viously known as cidtum Lerbertdis. ‘Vhe spores of this 
form, again, when they enter the stomata in the leaves of suit- 
able grasses, produce in them, and in them only, the my- 
celium of the Puccinia, which bears uredospores and resting- 
spores. 

The parasitic Fungi distur the normal development. of | 
their host, and cause contagious and not unfrequently fatal 

diseases. ‘Thus the mildew of young vines is due toa para-~ 
sitic Fungus, Ozdium albicans. The Fungus attaches itself 
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to the orifice of a stoma, and quickly multiplies there, form- 
- ing a white mould which is the cause of a great variety of 
unhealthy conditions. 

The disease caused by <Achorion Schenlemnt, called 
‘Favyus,’ usually attacks the part of the head of man which 

is covered with hair, and produces there the characteristic 
straw-coloured crab’s-eye-shaped incrustations ; and since its 
spores grow into the hair, this obstinate disease ends in 
complete and permanent loss of hair. ‘The phenomena are 
similar of Herpes tondens or tonsurans, which also attacks 

the hairy part of the head. The spores of Z7rzchophyton tonsu- 

vans penetrate in enormous numbers into the hairs, make 

them brittle, and cause them to break off at the skin. All 

these diseases, as well as others which might be added, are 
contagious. Of the Fungi which inhabit the bodies of 
living animals, and with the development of which par- 
ticular diseases and modes of death of animals are con- 
nected, a number of different forms and species are known. 

It will be sufficient to state that Alerpes tondens may be con- 
veyed from men to animals, and wie versa; and that 

another Fungus, Botrytis basstana, is the cause of the mus- 

cardine-disease which is so destructive to silkworms. The 
diseases of plants caused by Fungi have already been 
alluded to. . | 

Saprophytic Fungi allied to the Schizomycetes are the 
cause of the phenomena of fermentation, decay, and putre- 

faction. ‘These processes of decomposition vary according 

to the organism which occasions them, even in the same 
substratum, many and perhaps all species of Fungi giving 
rise to a special decomposition of their own. As little 
allusion as possible will here be made to the confusion 
and uncertainty recently imported into these practically 
important questions. Even the most easily decomposable 

organic substances, such as albumen, blood, and milk, only 

decompose very slowly when protected from the access of 
Tea | 
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Fungus-spores ; and may, under these conditions, remain 

fresh even for some years. As soon, however, as access of 

these organisms is rendered possible, a rapid and active | 
decomposition immediately sets in. With free access of air, 

decay, z.¢. an active oxidation, takes place, the products 
being water, carbon dioxide, and simpler organic compounds. - 
When the access of air is less complete the mode of decom- 

position is different, and less. simple substances, usually of 
an offensive odour, are formed under the influence of Bac- 

terla ; and the process is called putrefaction. Another set 
of processes of decomposition allied. to these are called by 
the special name of Fermentation ; such are the formation of 

alcohol from saccharine solutions, as also the lactic, butyric, 
acetic, and mucilaginous fermentations. The greater part 

of the substance infested by the organisms which incite fer- 
mentation breaks up in the process into simpler compounds, 

the organisms themselves taking up only comparatively 

very small quantities. of nutriment. When the organisms. 
which cause decomposition find the oxygen needful for their 
growth free, they absorb it eagerly, and multply rapidly ; 

but when, on the other hand, they have no access to free 
oxygen, they withdraw it from its combinations ; and this 
gives an impetus to further decomposition. If, for example, 
‘mother of vinegar,’ AZycoderma acet?, the cause of acetic 

fermentation, 1s grown on the surface of an alcoholic fluid 
adapted for its nourishment, the alcohol is converted into 

acetic acid during the multiplication of the Mycoderma ; 
and it has been discovered that this process is dependent | 

on the absorption of oxygen by the Fungus out of the at- 

mosphere, and its transmission to the alcohol. When the 
growth of the Fungus has once been induced, the JZyco- 

derma continues to convert fresh portions of the alcohol 
into acetic acid. Hence, because all acetic fermentation 1s 

accompanied or caused by the propagation of the JZyco- 

derma acett, the manufacture of vinegar may be improved by 
its cultivation in a scientific manner. When the A/ycoderma 



Special Morphology and Classification. 277 

propagates itself on vinegar, it a aaa it into carbon 

dioxide and water. : 
[ Zorula or Saccharomyces Cereviste being one of the 

types of vegetable life to which special attention 1s called in 

the syllabus of the University of London, the following is 

given as an epitome of our present state of knowledge con- 

cerning it, according to Professor Huxley. Yeast is the 
brownish fluid which possesses the property of causing in any 

solution which contains sugar the change known as /ermenta- 
tion, that is, the conversion of the sugar into alcohol, which 
remains in the fluid, and carbon dioxide (carbonic acid gas), 
which is given off in the form of bubbles. Yeast, when | 

evaporated at a low temperature, 1s reduced to a powdery 

mass which retains for a considerable period its property of 
fermenting saccharine fluids. Fermentation is prevented by 
boiling either the yeast or the saccharine fluid, or by pre- 
viously straining the yeast through a very fine filter, such as_ 
porous earthenware ; nor does any change take place if, 

after boiling the fluid, it.is allowed to come into contact 
only with air which has been passed through cotton-wool. 
Hence it is concluded that the fermentation is caused by a 

solid substance contained in the yeast, which cannot pass 
through the earthenware or cotton-wool ; and if yeast 1s 

examined under a low magnifying power, it is found to con- 
tain a number of nearly spherical transparent granules, 
averaging about ‘ooo3 of an inch in diameter, each of which 
is a Zorufa. "ach individual is an ordinary vegetable cell, 
usually containing a vacuole, but never a nucleus ; and the 
cells are either solitary or associated in heaps or strings. On 
analysis it is found to consist of carbon, hydrogen, oxygen, 
nitrogen, sulphur, phosphorus, potassium, magnesium, and 
calcium ; the last four in very small quantities. Its chief 
proximate constituents are (1) a protein-compound analo- 
gous to casein ; (2) cellulose ; (3) fat or oil ; (4) water ; the 
larger part of the mineral substances being contained in the 
procoplasm. The Zorula is the sole cause of fermentation 
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in the sugar, and is believed to be always present in the air 
in the form of invisible dust. Ifa small quantity of yeast is” 
added toa large quantity of a clear saccharine "fluid, and 

the fluid kept warm, it will gradually become more and more 
turbid, and a scum of yeast will collect, containing a pro- 
digious quantity of Zorula-cells. The ordinary mode of re- 
production is by what is termed budding (Fig. 402, p. 270), 
each cell giving rise to minute buds, which grow rapidly, 
attain the size of the parent-cell, and eventually become 

detached, but not generally until they have themselves de- 
veloped a second generation of buds. They very commonly 

_ adhere together in the form of heaps or strings. A second, 
Dut rarer, mode of multiplication is by exdogenous division, 
the protoplasm of a‘cell dividing into usually four masses, 

each of which surrounds itself by a cell-wall; and the 

daughter-cells are eventually set free by the dissolution of 
the wall of the parent-cell. This is a form of free cell- 
formation (see p. 33). In order to show that the substances 
of which the Zoru/a consists, protein, cellulose, and fat (oil), 

were not present in the nutrient fluid, but have been manu- 
factured by the yeast-fungus out of it, it is best to take a 
nutrient fluid of definite chemical composition, a convenient 

one being that known as ‘ Pasteur’s solution.’! The power 
of constructing protein out of such a substance as ammonium 
tartrate, and the investment of the protoplasm by a con- 
tinuous coat of cellulose, are the chief properties which 

determine the Zorula to be a vegetable. It allies itself to 
Fungi in containing neither starch nor chlorophyll, and hav- 
‘ing consequently no power of decomposing carbon dioxide. 
In the process of fermentation nearly the whole of the sugar 

is converted into an equal weight of alcohol and carbon 

dioxide; but a small quantity of glycerine and succinic acid 

’ Potassium phosphate, 2 parts ; calcium phosphate, 2 parts ; mag- 
nesium sulphate, 2 parts; ammonium tartrate, 100 parts ; cane sugar, 
1,500 parts ; water, 8,394 parts. te 

‘ 
1m 
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are also produced ; and one or two per cent. is not yet ac- 
counted for, but may perhaps be assimilated by the Zorada. 
It will grow and multiply actively in a solution in which 

sugar and ammonium nitrate replace the ammonium tartrate; 
and in this case the carbon must be obtained from the sugar. 

Although oxygen is essential to its life, it will live in sac- 
charine solutions which contain no free oxygen, appearing, 
under these circumstances, to get its oxygen also from the 
sugar. It will also flourish in solutions in which the am- 
monium tartrate is replaced by sugar and pepsin, in which 

case the nitrogen of the protein-compounds must be derived 
from the pepsin. 

Penicillium and Mucor may be regarded as types of two 
- different classes of the filamentous Fungi. In the former, 
the whole Fungus, both the concealed part or mycelium, 

and that portion which is exposed to the atmosphere, the 
aérial hyphe, consist of cells which agree in every essential 

- point (except the absence of a nucleus) with the typical cell, 
varying only in size and form. The only reproductive bodies 
are conidia, that is, ordinary cells of a spherical form pro- 
duced at the ends of the aerial hyphze, and detached in suc- 
cession. They are true spores (see p. 178). They have 
the same property as the single Zorwa-cells of retaining 

their vitality for a long period when dried ; and, from their 
extreme lightness, are in this form disseminated with the 
greatest facility through the air. On reaching a nutrient 
substratum they germinate. A bulging makes its appearance 

at one or more points of the cell-wall, and the cell rapidly 
lengthens in one or more directions, and becomes a radiat- | 

ing and branched, but still unicellular, hypha. Subsequently 

the protoplasm divides transversely, septa of cellulose are 

formed, and the hypha becomes multiceliular. It is a uni- 

versal characteristic of all Fungi that the hyphz divide 
transversely only, never longitudinally ; they never anasto- 
mose, though they may become interlaced into a dense weft. 

Some branches of the hyphz extend downwards, forming 
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he mycelium, while others direct themselves upwards, and 
constitute the aerial hyphze, which break up into conidia. 

In AZucor the spores, instead of being naked exposed 
cells, are produced within special bodies known as sforangia 

or asci, roundish heads borne at the extremity of filaments 
which rise vertically into the air from the hyphe. ‘The wall 
of the sporangium is rough from minute particles of calcium 
oxalate. ‘The sporangium is easily ruptured, dispersing the 
spores; the greater part of its wall then disappears, but a 

small collar frequently adheres to the filament. The cavity 
of the filament does not communicate with that of the 
sporangium, but is separated from it by a partition which ~ 

bulges into the cavity of the sporangium, forming a central 
pular or projection. and termed the columella. The germina- 

tion of the spores resembles in all essential points that of 
Penicillium, the organism remaining for a time truly uni- 
cellular. The sforangiophores, or filaments which bear the 

sporangia, are given off vertically ; the free end dilates into 
a rounded head which developes into the sporangium, and is 
separated by a septum which constitutes the columella. 

The protoplasm in the sporangium becomes gradually sepa- 
rated into a number of masses by free cell-formation, each of 

which excretes a cellulose coat, and becomes an ascospore. 

Mucor 1s also propagated sexually by conjugation, z.e by 
the production of zygospores in the manner already described 
(p. 271). The cell-wall of the zygospore becomes separated 

into two layers, an outer one of a darker hue, the exosfore, 

and an inner colourless layer, the evdospore. ‘The germina- 

tion of the zygospore, which takes place only after a period 
of rest, resembles that of an ordinary spore.—ED. | 

The classification of Fungi is still in process of continual change 
and improvement. The foliowing is that adopted by De Bary :— 

I. PHYCOMYCETES., 

a, Saprolegniee. b. LPeronosporee. c. Mucorini. 

The vegetative part of the Fungus which does not subserve the pro- 
cess of reproduction consists, in many forms altogether, in others at 
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least during the early period of growth, only of a single tubular cell. 

They therefore present a point of transition to the Algze through the 

Vaucheriee. The Safrolegniee (Figs. 401, 402) usually grow on the 

bodies of insects putrefying in water, and cover them completely with 

radiating tufts. An alternation of generations takes place in them 

between individuals which produce swarmspores and oospheres. The 

Peronosporee live within the tissue of Phanerogams, the branches of the 

mycelium penetrating between the cells, and drawing their nutriment 

from them by means of special organs, the austoria. The mycelium 

produces first receptacles from which conidia are abstricted, and these 

always project above the surface of the host,—in /%ronospora through 

the stomata. These conidia are not usually immediately capable of germi- 

nation, but only in contact with water, as drops of dew and rain, develope 

a few swarmspores (Fig. 400), which attach themselves to the surface of 

a plant, and put out germinating filaments which penetrate into it ; 

and the cycle of development then begins afresh. Under favourable 

circumstances oogonia ancl antheridia are produced at the extremities 

of the mycelial threads, but only in the interior of the plant. The 

oospores either form swarmspores or germinate directly. eronospora 

zufestans is the cause of the potato-disease. The Jucorimt are pro- 

pagated by conidia and spores formed in sporangia (ascospores) as well 

as by zygospores. Their root-like branches afterwards become multi- 

cellular by the formation of septa. The common green and brown 

moulds, AZucor AMucedo and Penicillium glaucum or crustaceum belong 

to this family (Figs. I, p. 7, and 396, p. 267). Luxuriant conidio- 

phores of these Fungi sometimes unite into a leaf-like arborescence, 

known as Coremium. The term ‘mould’ is not one of scientific 

exactness ; in popular language the name is applied to flocculent and 
filamentous structures which form on decomposing organic bodies. 

Il. HYPODERMI/. 

a, Uvredinee. . Ustilaginee. 

These Fungi live in cellular tissue, usually beneath the epidermis 

of flowering plants. They all ferm resting-spores, from which, under 

favourable circumstances, ecidia and spermogonia are developed in 

the Uredinee, but not in the Ustilaginee. To this class belong Ustclago 

carbo, the ‘smut’ of cereal crops, and Puccinia graminis or ‘mildew’ 

(Figs. 406, 407, pp. 272 3). 
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lil BASSI DIOMY'CETES: 

a. Zremellini. b. Hymenomycetes. c. Gasteromycetes. 

There is still much to learn with regard to the cycle of development. 
of the Basidiomycetes ; and no alternation of generations has yet been 

established in them. The 7veme/lini are distinguished by their jelly- 

like substance, and the two other families by their receptacles. In the 

flymenomycetes are included the commonest and best known ofall Fungi, 

_the mushrooms. The body which is ordinarilycalled the mushroom is, 

as has already been mentioned, only the receptacle, which springs from 

a mycelium growing in the ground, the wood, or elsewhere. A number 

of these Fungi, as Agaricus campestris the common mushroom, A. ce- 

sareus, A. procerus the ‘parasol-mushroom,’ A. prunulus the ‘ plum- 

mushroom,’ A. deliciosus, Boletus edulis, Cantharellus cibarius the 
‘ edible chantarelle,’ &c., are edible ; while others, as Avaricus mus- 

cartus the ‘fly amanita,’ A. emeticus, &c., are poisonous. Merwulins 

lacrymans is the dry-rot so destructive to timber. Among officinal 

species are Loletus laricis and Polyporus fomentarius. Among the 

more common Gasteromycetes are Lycoperdon bovista the ‘ puff-ball,’ 

and Phallus impudicus the ‘stink-horn’ (Figs. 392, 393, pp. 264-5). 

TV... ASCOMMCETES: 

a. Protomycetes. b. Tuberacee. c. Onygenet. d. Pyrenomycetes. 

e. Luscomycetes. 

The spores of the Ascomycetes are formed in ascz by free cell-for- 

maticn. In the Protomycetes the filaments which bear the asci (asco- 

phores) are not united into a receptacle, as in the other families, and 

there is no alternation of generations in their cycle of development. 

This lattec is also wanting in the Tuberaceee (truffles) and the Ony- 

genei; but occurs in the Pyrenomycetes and Discomycetes. The 

Tuberacee form roundish tuberous usually subterraneous bodies, which 
are often surrounded by a copious branched mycelium. Scarcely any-— 

thing is known with regard to their mode of reproduction ; ascospores 

are at present the only kind of spores which have been observed in 

them ; and these are often set free by the rupture of the peridium. 

Their mycelium disappears when the fructification ripens, and the re~ 
~ceptacle then lies naked in the soil (Fig. 394, p. 266) ; while in the Ozy- 

genet it is imbedded in a flocculent mycelium. The asci of the Pyre- 
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nomycetes are formed in the interior of small flask-shaped or roundish 
receptacles, which are here termed ferithecia. Their alternation of 

generations has already been described. 

To this class belongs Claviceps pur- 
purea, the ‘sclerotium’ of which is 
officinal under the names ergot and pd 

‘Secale cornutum’ (Fig. 375, p. 228). i Kt 
The Diéscomycetes are distinguished ! oat 

from the Pyrenomycetes mainly by the Ke 

hymenium being superficial. In the Dy 

Clavariee, which are branched in a (7 eal 
fruticose manner, it covers the surface 

of the branches ; ,in the Helvelleze and 

Morchelleze, on the contrary, the outer 

surface of the folded pileus; while in 

Peziza it clothes the inner surface of 
the cup, which is sometimes stalked 

and sometimes sessile. The morel, 

Morchella esculenta (Fig. 408), is a 

well-known edible Fungus.! 
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There are a number of Fungi, as, 

for instance, some moulds, which it is 

not at present possible to classify under 

this system. They are probably only 

forms of other Fungi, the relationship 

of which to other forms has yet to be 

certainly determined. 

THE -MYXOMYCETES. 

The Myxomycetes are distinguished 

from all other plants by the fact of 
their cells being without a cell-wall during their vegetative period, 

and not combined into a tissue. It is only when their protoplasm 

Fic. 408. — The morel, Morchella 
esculenta (natural size). 

1 [De Bary has published a series of elaborate investigations of the 
Ascomycetes, leading to the conclusion, that, in at least one group, the 
Pyrenomycetes, the ascospores are the result of a true process of impreg- 
nation, vzz. the contact of the apex of a male organ, which he termed 
the pollinodium, with a fema'e organ, the carpogonium or ascogoniune. 
The most recent researches, however, of Cornu and Van Tieghem 
throw the greatest doubt on the accuracy of De Bary’s conclusions, 
and, indeed, on the existence of any form of sexual reproduction in the 
higher Fungi. —ED. | 
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comes to rest from unfavourable external conditions, or their growth 

has ceased on the formation of fruit, that the protoplasm breaks’ up 

into small cells provided with a cell-wall, but not forming a true 

tissue. Theylive on decaying and putrefying vegetable substances. 
In its membraneless condition the protoplasm displays an extraordinary 

motility ; and then, independently of the currents in its interior, the — 

whole mass creeps over or in its substratum like an animal. But when it 

passes over into the fructifying state, it breaks up into large receptacles 
or sporangia, filled with small spores, usually accompanied by a reticu- 
lation of thin-walled tubes opening into one another, a hair-like weft 
termed a cafillitium. ‘The germiaating spore, now provided with a 

cell-wall, allows the whole of its protoplasmic contents to escape in the 

form of a naked mass which assumes an elongated pointed shape, and 

acquires a cilium at one end, and thus becomes transformed into a 

swarmspore, which either takes on a rotating motion, or, changing its 

form, creeps about in an animal-like fashion like an Amceba. These 

swarming bodies multiply by division during two or three days ; and 

then a new process begins, two or more coalescing into a homogeneous 

mass of protoplasm or Alasmodium, which also moves about in an 

amoeboid manner. The plasmodium often creeps about for the space 

of a foot, the motion being caused by the projection at its margin of 
arm-like protuberances, which increase in size by fresh masses of pro- 

toplasm flowing into them. When this takes place for some time in 

one direction, the whole plasmodium has in this way shifted its place. 

These processes usually occupy a few hours; in the so-called ‘ flowers 

of tan,’ “thalium septicum, one or two hours is sufficient for the still 

motile plasmodium to become changed into the fertile discs. When 

the vital conditions are unfavourable, the swarming bodies and the 

young plasmodia become surrounded by a membrane, or encysted, like 

the infusorial animalcules, and, if kept dry, remain in this condition for 
months without losing their power of life ; when placed in water they 
recur to the motile condition. Mature ilasmiedis pass into the resting 

state when the amount of moisture or the temperature is low, forming 

a sieve-like plate or irregular tuberous body (sclerotium), and finally 

break up into a large number of round or polyhedral cells of a diameter 

of 0°025 to 0':033mm., and of a waxy or brittle texture. When placed 

in water the cell-walls which had been formed are again absorbed, and 

the plasmodia re-assume their motile condition. 
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Crass) ERT... ° Lechenese 

Lichens (Figs. 409-417) usually consist, when mature, of 

a well-developed layer of tissue, the ¢Hadlus, composed, 
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Fic. 409.—Usnea barbata: I. natural size with the spoon-shaped apothecia ; II. 
longitudinal section through the middle of the apex of the thallus ; the cortex, the 
gonidial layer g, and the medulla are clearly distinguishable (x 515); IIl.a 
single gonidium (Xx 700); IV. development of the soredia, a gonidial group of 
eight cells ; 6a similar group in a more advanced stage of development ; ¢ longi- 
tudinal section of amature soredium ; d the same with the gonidia more distinctly . 
separated ; ¢ a germinating soredium ; / the same further developed (X 500-700), 
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like that of Fungi, of rows of cells which form a fibrous — 
weft or pseudo-parenchyma. In addition to this there are — 

also round or oval cells of a green or blue-green colour, +. 

the gonidia or gemme. ‘Three types of structure of the 

thallus may generally be distinguished : the Stratified, the 
Pictorial, and the Gelatinous, furnishing the characteristics 
of these three descriptions of Lichens ; but there are some 
anomalous forms which cannot be included under either of 
these types. 

Sections through the thallus of the stratified or AHesero- 
merous Lichens (Fig. 409 11.) almost always show two distinct 
layers of tissue, a comparatively thin, usually transparent 

but close outer layer or cortex, and an inner looser hyphal 

layer enclosed by the former, the medulla. ‘The two layers 
are, however, formed of ramifications of the same filaments. 
At the line where they meet the gonidia almost always con- » 
stitute a zone of variable thickness, the gonzdzal layer (Fig. 

Aog 11. g). In the Arutecose Lichens, the cortex commonly 

constitutes a layer of uniform thickness all round; while in 
the Folzaceous forms it is usually different on the upper surface 

exposed to the light, and on the under surface. The thallus 
of the Crustaceous Lichens presents an affinity to the 
latter form in being fixed to the substratum by capillary or 

 pristle-like rAzzines, so that it cannot be removed without 

injury. , 
The Pictorial Lichens or Graphidez form thin patch- 

Fic. 410.—Graphes elegans, a Pictorial Fic. 411.—Chain of gonidia of a Pictorial os Py 
Lichen (natural size). ‘Lichen, Graphis scripta (x 390.) 
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like incrustations on stones and the bark of trees (Fig. 410). 
The chief peculiarity of their thallus consists in the nature 
of their gonidia, which are often united into many-celled 
alga-like rows of ceils (Fig. 411), increasing in length by 
division of the terminal cell. 

The thallus of the Geélatinous Lichens (Fig. 412) has a 
leaf-like or an arborescent form, or consists of granules 

which constitute an incrustation. When dry it is cartila- 
ginous or brittle, and then absorbs water eagerly, swelling 
up into a gelatinous body. Sections (Fig. 412 1.) show that 

i : II. 

@ 

I Ag0%- 
cath e\ \ 

Og-2 

Fic. 412.—I. Longitudinal section through the thallus of a Gelatinous Lichen, Mac- 
lotinnt Hildenbrandii (x 190); II. piece of a very thin section through the 
under side with moniliform chains of gonidia (after De Bary, x 390). 

it consists of gonidia and narrow filaments of cells imbedded 

in an apparently homogeneous jelly. The contents of the 

cells are always colourless and invisible, and apparently 
contain no organised constituents such as grains of starch. 
The cell-walls of many Lichens (as, ¢.g., the so-called ‘ Ice- 
land moss,’ Cetrarta tslandica), swell up, when boiled in 

water, into a homogeneous jelly, forming the so-called 
‘moss- or lichen-starch,’ or Lichenin. 

Among the organs of reproduction of Lichens are the — 

soredia (Fig. 409 Iv.), which are developed in the gonidial 
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layer; groups of gonidia becoming enclosed in peculiar 
fibrous envelopes, and, when so completely inwoven, grow- 
ing rapidly, and thus exercising a pressure on the cortex 
which ruptures it. The soredia which protrude through the 

crevices caused in this way increase in the same manner or 

eR! 
7 

develope into new individuals. In addition, Lichens are — 
also provided with spermogonia and spermatia, correspond- 
ing in all respects to those of the Ascomycetes. Finally, 
they also possess peculiar receptacles or apothecia (Fig. 409 
I1., p. 285). These are either open from the first, and then 
expand and bear the hymenial layer on their surface (Fig. 
413); or they open only at the apex by a narrow canal ; or 

Fic. 413.—Vertical section through the middle of a young apothectumn of Lecanora 
subfusca ; the club-shaped asci are developed at the apex of the ascophorous 
hyphz, and lie imbedded in the hymenium; the layers at each side contain 
spherical gonidia (x 100). 

they remain closed, and enclose a fertile nucleus. Hyme- 
nial layers of the first kind correspond to the receptacles of 

the Discomycetes, and the Lichens to which they belong . 

are called gymmnocarpous ; those of the two last kinds re- 

semble the penthecia of the Pyrenomycetes, and the 
Lichens are called azgzocarpfous. The development of the 
apothecia always begins in the interior of the thallus. 
When mature they consist of the external tissue or 
excipulum ; of a layer in which larger and stouter hyphal 
filaments are developed than those found in the remainder 

of the tissue, the ascophorous hyphe or subhymenial layer ; 

and of the true Aymenzal layer, composed of parallel hyphze — 
or paraphyses and of the ascz. These latter usually contain — 
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eight spores formed simultaneously. When the same thallus 
. bears both apothecia and svermogonia, the ‘Lichen is said 

to be moncecious ; when these organs are found on different 
‘individuals, it is dicecious. No true process of impregna- 
tion has yet been observed. 

Lichens possess a peculiar double nature. Their 
gonidia contain chlorophyll, and are algoid bodies; and 
their presence is the only certain distinction between. 
Lichens and Fungi; the Ascomycetes among the latter hav- 

ing an especially close relationship to the Lichens through 
their apothecia. In only a few cases have the gonidia been 
detached from the thallus and made to develope inde- 
pendently, by the formation chiefly of swarmspores. From 
this fact the theory has originated that Lichens are ascomy- 

cetous Fungi which are parasitic on particular Algze, the 

Pic. 414.—Cladonia digitata, a Fic. 415.—Cetrarta islandica, a Fruticose 
Fruticose Lichen ; @ apothecia ; Lichen; the margin of the thallus is 
4 cup; ¢ foliaceous thallus (natu- fringed, and bears spermogonia on the ~ 
ral size). edge of the fringe ; there are no apothecia, 

gonidia. This theory has been confirmed by the produc- 
tion of a perfect Lichen, Collema glaucescens, by sowing its 

U 
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i spores on the gonidia-forming Alga, Nostoc Tichempee Al eae ae 

opposite view is entertained by others, that Lichens are a Wai: 

distinct class of plants by themselves, the gonidia of which ~ ay ae 

sometimes become detached from the parent-plant, and. s i 

then carry on an algoid existence, in which state they have te s 
often been erroneously described as Algee. | ? 1 A 

Lichens are classified as under, viz. :— | rey i 

I. Lichens with a stratified thallus :— HETEROMEROUS LICHENS. — 
I. FRUTICOSE Lichens; thallus more or less arborescent in ie) 

form (Figs. 409, p. 285; 414, 415). ; 

2. FoLiaceous Lichens ; thallus leaf-like (Figs. 416, 417). | 

3. CRUSTACEOUS Lichens ; thallus crustaceous. 

II. Lichens with unstratified thallus :—HOMOOMEROUS LICHENS. 

1. GELATINOUS Lichens ; thallus gelatinous (Fig. 412, p. 287). 

2. PICTORIAL Lichens ; thallus forming a very thin irregular 

incrustation (Fig. 410, p. 286). | re 

The gelatinous lichenin, characteristic of many Lichens, renders 

them useful as articles of food to northern nations and their domestic ~~ 

animals, or as medicinal products. = 

Of this character are the so-called sa ‘ 

‘Iceland moss,’ Cetrarza islandica, Z | 

(Fig. 415),° the’ ‘®eim-deer moss, “ohe 

Cladonia rangiferina, and Sticta — 

pulmonacea. Larmelia parietinais 

also used as a febrifuge, from its ” 

containing a bitter principle which » ‘ 

is present also in other kinds, | 
Several other Lichens, as occella iz 

Fic. 416.—Parmelia tiliacea, a Foli- tinctoria, Lecanora tartarea, Varto- ~~ 

ee oem, yt epottiocia. laria dealbata, Gyrophora pustulata, 
and Lecanora atra, are also important articles of commerce, in conse- 

é quence of a pigment which is blue or red according to the mode in which eae 

it has been prepared, and which is known as orchil, litmus, and camel 
cudbear. Parmelia esculenta of Asia Minor, the Sahara, Persia, &c., is 

believed to be the ‘manna’ of Scripture. ; 
_ Lichens are most abundant in the colder regions of the globe, and 

occur on the utmost limits of vegetation. From this circumstance, and 
from the ease with which they grow where the means of living are ex- 

| tremely scanty—some of them flourishing on bare hard rocks, and others” 

even thriving on glass and iron—they are of consiaee able importance in- 

_ the economy of Nature. 4. 
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Crass IV. Characee. 

As Lichens mark the passage from Fungi to Algze, so 
do the Characez that from Algz to Muscinez; for al- 
though very similar in habit to many Algz, and therefore at. 
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Fic. 417.—Sticta pulmonacea, a Foliaceous Lichen, with apothecia. 

one time included in that class, they are nevertheless really 
more nearly allied to Mosses, not only in their mode of 

germination, but because they are Acrogens in contradistinc- — 
tion to Thallogens. ‘They grow in fresh water, and consist 

of cellular filaments, which are branched in a verticillate 
UZ 
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i Br two genera, Chara and Nitella. known as 3: Brittle- -worts, 
1G 3. 

mes - 

Fic. 418.—Chara fragilis : I. natural size ; II. germina- 
ting spore (magnified); the lower part as far as the {Fa irek 
second whorl of roots is the pro-embryo ; III. part of (fe ae 
the fertile thallus (more strongly magnified) ; beneath ~ ine 
the ovoid nucule 2 is the spherical globule a. eal 

inch ding a considerable number of species distributed v4 
the whole Or In LVitella each internode consists of 
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a single cell, while in the stem of Chara there is a central 
or axial cell, surrounded in a spiral manner by other cells, 
which form a cortex. Multiplication takes place partly by 
single cells becoming detached, partly by impregnation. In 

some species, as Chara hispida (Fig. 419) an antheridium or 

Fic. 419.— Fertile branch Fic. 420.—NVitella syncarpa: 1. end of a cellular fila- 
of Chara hispida (mag- ment from a globule, with antherozoids in the interior 
nified). of the cells; II. a free antherozoid (x 500). 

globule and a female organ called the nucule stand beneath 
a lateral branch ; in other species the two organs, which -' 
may be recognised in an immature condition as small red 
knobs on the plant, are found on different individuals. 
The globule (Fig. 418 11, a) 1s a sessile globular body, and 

consists of eight cortical cells which open when ripe. In 
the interior are a number of cellular filaments (Fig. 420 1.), — 
coiled round one another, from each separate cell of which 
is developed an antherozoid or spermatozoid (Fig. 420 I1.). 

The nucule (Fig. 418 111., 6) consists of an axial row of cells 
which is closely surrounded by five tubes coiled spirally. 

round it. The oospore is developed, as the result of im- 
pregnation, from the large apical cell of the inner axial row, 

\ 
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the pean. In the autumn, when ihe annual ane dies be hy 

down, the oospore falls to the bottom of the water, the fe 
young plant developing from it in the spring. The first — a 
algoid cells of the young plant are considered a pro- em- Tee 

- bryo, on which the plant itself grows as a lateral branch ~~ 
(Fig. 418 11.). The process of impregnation itself takes — 
place in this manner. At the moment of maturity the neck — 
of the five peripheral tubes of the nucule becomes loosened, Lee 

and between the five clefts thus formed antherozoids pene- 

trate into the oosphere. The Characez have no economi- 

cal or medicinal value, but are of importance in respect to 
our knowledge of the life of plants. 

[Several species of Chara are common in freshwater 
ditches, ponds, and streams, forming tangled masses, easily _ 
distinguished from Algz by the verticillate arrangement of 

the branches, and by the gritty nature of the whole plant —_ 
caused by the deposition of calcareous matter ; when de- ~ 
caying the plant emits an offensive smell, resembling that of __ 
sulphuretted hydrogen. JVite//a is not so abundant, and is 
destitute of the calcareous incrustation. The plant is, in each » 

case, fixed in the soil by slender root-filaments or vAzzozds. 

; The central or axial cell of each internode in Chara is . 

very large compared with the size of the cells which sur- 
round it, and which form the cortical fayer. Each node 

consists of a transverse plate of small cells resembling those 
of the cortical layer, and separating the internodal cells 

from one another. The branches and secondary branches — 
(sometimes called leaves) resemble the stem in structure, the 
latter always ending in a much-elongated pointed cell. The 
apex of the stem forms a compact terminal bud, beneath 
which the internodes become gradually longer as you 

approach the base of the stem. Growth, ze. the formation ~ 
of new nodes and internodes, takes place immediately 

_ beneath this terminal bud, new rhizoids being first formed, i 
and then branches bearing in their axils the reproductive 

organs, which are easily made out as minute orangered 
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bodies. A vegetative mode of reproduction sometimes 
takes place by means of Jy/bils, which become detached. 
The ‘ punctum vegetationis,’ which is in the centre of the 
terminal bud, consists of two cells lying one above another ; 

while beneath the lower of these is another cell which 
divides longitudinally, and developes into the cellular trans- 
verse partition or node. Below this again is a single elon- 
gated internodal cell, and beneath this again a rudimentary 

node, and so on. ‘The internodal cells increase in size, but: . 

never divide. ‘The leaves or lateral branches, on the other | 

hand, are developed from outgrowths of some of the peri- 

pheral cells of the node. The cortical layer which surrounds 

each internode is developed, not from the internodal cell, 
but by continual growth and division of the peripheral 
nodal cells, which from the first overlap the internode, and 
gradually assume a spiral arrangement. The cells of Chara: 

always contain’ a nucleus, and afford a remarkably good 
illustration of the phenomena of rotation (see p. 10). This 
movement is exhibited especially in the inner layer of 
protoplasm next the central vacuole, the nucleus being 
carried round in the stream ; while the outermost layer 
which includes the chloropayll-grains is quite motionless. 

The eight cortical cells of which the wall of the 
antheridium or globule consists, are sometimes called 
siields ; the four nearer the base are four-sided, the four 

nearer the apex three-sided. From the middle of the inner 
face of each shield, a cylindrical cell, termed a manubrium, 

projects inwards, nearly to the centre of the hollow globule; 
and at the extremity of each manubrium is a roundish 

hyaline cell, the “ead or capitulum. ‘The shields, manubria, 
and capitula form therefore together twenty-four cells, 

which, together with the pedicel-cell of the globule, consti-_ 
tute its framework. Each capitulum bears six smaller cells, 
secondary heads or capitula; and from each of these grow 

four long whip-shaped filaments, the number of which there- 
fore 1s about 200. Each of these 200 filaments divides 



a 

transversely into from 166:t6 200 eae nes in "each of ‘meee 
cells an antherozoid is produced (Fig. 420, I. 11.) by a pecu- | 

har transformation of its protoplasmic contents, provided — 
with two cilia, by means of which it moves rapidly about 
when it escapes by the separation of the shields and rupture | 

of the parent-cell. The number of antherozoids produced 

by a single globule may therefore be from 20,000 to 40,000. - 

The alternation of generations is exhibited in Characez 
in the pro-embryo which constitutes the non-sexual genera- 
tion. ‘The sexual generation is developed from the growth 
of a single cell of the pro-embryo, situated at some distance 
below its free extremity; this cell giving nse to a set of 
leaves, among which a bud appears which grows into a new 
Chara.—ED. | 

Cuass V, feparice. 

The Hepaticee or Liverworts are elegant delicate plants, 
usually of a bright green colour, which form a beautiful 

of their mode of reproduction. Some bear a 
great external resemblance to certain Lichens ; 
and in others the true leaves are only repre- 
sented by scales.. These forms, the Zal/oid 

these latter the leaves never have even a 

cular bundles of low organisation in the form 
of cambium- strings. Usually, especially in 

Jungermannia (Fig. 423), the leaves stand in- 
Fic. 421.— Antho- 
ceros levis; a a two rows, running in nght- or left-handed 
burst sporogonium. 

spirals. In some genera with stems creeping © 

on the earth or on the bark of trees, besides these lane 

or Frondose Hefatice (Fig. 422), are con- ~ 

trasted with the Fo/zose forms; but even in | 

mid-rib, even when the stem contains vas-_ 

ie) 
a) 

transition from the ‘Thallogens to the Ac- - 
rogens. Many of them, as Anthoceros (Fig. 
A421), are true Thallogens having no leaves, 
and are included in the class only on account: 

ihe 

« * 
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leaves, which are all on the upper side, there is a third row 
-of smaller leaves (Figs. 424 11, 425), the amphigastria, 
adpressed to the under side of the stem. The Hepatice 

Fic. 422.—Marchantia polymorpha; I. thallus with five antheridial receptacles 
(natural size); II. thallus with an archegonial receptacle (natural size); III. 
elater-celi with a continuous doubly spiral thread or elater (x 200); IV. arche- 
gonium ; a central cell, 6 oosphere with nucleus, c neck (x 200). 

never have true roots ; root-hairs or rhzzoids replace them 

both in position and in function. 



“In eh € inulkose H sates it consists oF an longo — 
chyma more cen thickened externally, and as forming. . 

- Fic. 423.—Sungermannia 
-memtorosa (X Io). 

Fic. 424.—I. Calypogeta Tri- 
chomanis ; II. under side of 
the stem with amphigastria 
(magnified). 

) Peortical layer pass over gradually into the central tissue, 

FG. 425. eo, Under = Ma 
side of’ the stem 7auas 
of Frullania Ta- — 

 -marisct with the’ 955 
amphigastria, and 
the peculiar inden- \_ 
tations or ‘earlets’ 
of the true leaves” < 
(magnified) ; LI ae 
leaf with ‘earlet ’ 
of Frullanta at- “ig 
latatomagnined) 
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marked epidermis, in which are a few scattered stomata, 

and which puts out root-hairs from its under side. In the 
most highly developed.order, the Marchantiez, we find the 
first rudiments of vascular bundles, in the form of elongated 

cells containing little or no chlorophyll but often crystals. 
The leaves consist of a single layer of uniform tabular — 
cells. : 

There are two modes of reproduction: by fertilised 
oospores, and by asexual buds or gemmz. ‘The latter are. 
groups of cells which become detached from the plant, and, . 
under favourable circumstances, develope into new indivi- 
duals. In the Thalloid Hepaticez they are usually found 

at the bottom of saucer- or spoon-shaped organs, the ~ 

cupules (Fig. 349, p. 179); in other families they arise on 
the margin of the leaves or at the apex of the stem. | 

The sexual organs arise on the stem of. the mature’ 

plant ; some species being moncecious, and others dicecious. — 

The male organ, or antheridium, is a stalked, usually sphert- 

cal body, consisting of a cellular envelope or coat, and an 

internal portion formed of delicate cells. These last escape 

when the organ is mature, a spermatozoid or antherozoid 
having previously been developed in each cell, consisting of _ 
a spirally coiled thread furnished at the end with two long. 
vibratile hairs or cilia. The female organ, or archegonium 
(Fig. 422 Iv.) is a flask-shaped organ, enclosing near its base 
a large central cell. A canal leading to the central cell is- 
formed in the neck of the archegonium by the disappearance 

of the septa of the axial bundle of cells, the canal-cells ; the ~ 

canal appears to be at first closed outwardly, but opens at — 

the period of maturity by the separation of the apical cells, 
and thus gives access to the antherozoids. Before the 

antherozoids reach the central cell, the oosphere has been 
formed in the latter by free cell-formation, and gradually in- 
creases to sucha size as completely to fill up the central 

cell, the sporogontum being developed from it after impreg- — 
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a non The fidiment of this organ is first of all siitrounceean * aan 
by a cell-wall, and then gradually developes—under the _ : 
shelter of the archegonium, which grows with it and which — a be 
is from this time called the calyptra—and developes into 

_-the stalked sporogonium. ‘The sporogonium does not any- _ 
where unite in its growth with the vegetative structure, even — 

when its pedicel penetrates into its tissue. When mature, | 

the sporogonium, elevated by the sudden and rapid increase 
in length of the pedicel or se¢a, ruptures the ca'yptra, opens, 
and allows the escape of a great number of spores. As 

a rule, several archegonia are grouped together; but it is 
very rare that more than one matures, the rest being abor- 

tive. In some genera the archegonium is surrounded in 
addition by a so-called ‘ calyx’ [or perichetium|, consisting 
of several connate leaves. In the sporogonia of the Hepa-- 
tice there usually occur, in addition to the spores, also 
pecuhar elongated cells termed eafers, furnished with a 

brown spiral band, which is sometimes simple, as in frul- 

fania, sometimes double (Fig. 422 It1.). Rarely, as", 
_“Anthoceros, a row of cells or columella remains in addition 

in the axis of the sporogonium (Fig. 421). The sporo- 
gonium usually opens with four, in Axthoceros with two 
valves ; in the Ricciez it bursts irregularly. On germina- | 
tion the spore first puts out an irregular, often filiform, struc- © 
ture, the pro-embryo, on which the bud is produced from | 

which the young plant arises. ‘The course of development 
of the Hepaticze shows a clearly marked alternation of 

~ 

~ 

generations. ‘The first (sexual) generation begins with the. — 4 

germinating spore, and closes with the act of fertilisation; =~ 

_ the second (asexual) generation consists of the sporogonium. 

eve ah © ae Z, 4 on 

The Hepaticze are classified into four families :— 

ty | 3. Riccir#. The thallus is expanded flat and floats 1 in water ; 3 ae : 

aie sporogenium,is imbedded in the thallus, and does not project above it 5 

it dehisces irregularly, and contains uo elaters. ‘i 

2. ANTHOCEROTE. . The thallus is expanded flat ; ite cata a aS 



~ stalked -‘sporogonium has a columella; [the elaters have no spiral 
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bands] (Fig. 421, p. 296). 

3. MARCHANTIE&. The flat coriaceous thallus is branched di- 
chotomously [and possesses a mid-rib] ; the sporogonia are collected on 

a stalked organ or archegonial receptacle, and, burst, into four valves ; 
[they contain elaters] (Fig. 422, p. 297). & AS . 

4. JUNGERMANNIE@. [The vegetative structure is usually differ- 

entiated into a stem and distinct leaves]; the sporogonium bursts into 
four valves [and contains elaters] (Fig. 423, p. 298). 

The Hepaticze are distributed throughout the world, but are of no 

economical importance. 

Cisse: Vaio? A, Usct. 

The Musci or Mosses are nearly related to the Hepatice; 
but are in general of a higher type, no longer possessing any — 
of the characteristic features of Thallogens, but having a 
cylindrical stem covered with leaves (Figs. 427, 434). The  — 
stem of the order known as Sphagnacee is divided by nar-. 
row elongated cells, which are often lignified, into a central. 

large-celled axial and a looser cortical portion consisting of 
only a few cells (Fig. 426 1). True vascular bundles are 
altogether wanting ; but in most other families of Mosses 
there is n the centre of the stem an axis of simple struc- 
ture, which does not contain true vessels, but which is often 

described as a vascular bundle (Fig. 426 11.). This often — 

consists only of a few thick- or thin-walled cells. not sharply 
distinguished from the parenchyma of the stem, which serve 

for the conduction of the sap, and therefore perform the 
function of a vascular bundle. In some Mosses there are, 

however, cells with thicker walls, on which may be seen a 
very delicate spiral striation, and which therefore, altogether 
call to mind a vascular bundle. These are sometimes ~~ 

central; but sometimes, as in Polvtrichum, give place to’ 

a central medulla. Lateral branches from these bundles © 

sometimes pass into the leaves as veins. The leaves are 

often narrow, of very thin or even membranous texture, and 
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Fic. 426.—I. Part of a transverse section through the stem of Sphagnum cymibi- 
 folium ; © epidermal cells; R thickened and coloured cortical cells; Pp paren- 
- chyma of the stem (x 320); II. central portion of a transverse section throug 

the stem of Climactum dendroides; G central axis; P brown parenchyma ¢ 
~ t 

+ the stem (x 400). : 
4’ 

eee 



PEE eh as i ee te atieh  M ei ES eS 

Special Morphology and Classification, — 303. 

Seg simple structure. They usually consist, with the exception 

of the veins, of only a single layer of parenchymatous cells ; 

Fic. 427.—Hair-moss, Polytrichum commune; I. plant with theca (magnified) ; 
II. theca with calyptra, III. without calyptra (magnified); IV. plant with 
perigonium surrounding the antheridial receptacle, and exhibiting prolification 
(magnified) ; V antherozoid (x 1000). 

but exceptions occur in the case of Sphagnum and other 
Mosses. In folytrichum the surface also has cells pro- 
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‘laterally on it, aré often several leaves of a somewhat dif- 

different genera, opens by means of a lid or operculum; less 

yi 4 a tit - ‘ 4 J ‘ a {4 ve oe s Pe “aie ws ge eR Ey Hitt ve Meee ae ie J “* te eid Ee) to ay de t 7 NO ; = * * 

ig" Aehe “st 4 a 

vided with peculiar Namalls : ‘otherwise there is, as a ee 

no special epidermal tissue ey stomata, hairs, &c., even — is ae 

when this is found on the stem and reproductive organs. = 
There are never true roots; the nutriment being absorbed 
through root-hairs. At the apex of the stem, or growing 

ferent form to the rest, forming the perdgondum, a kind of 
envelope which protects the organs of reproduction growing es 
within it (Fig. 427, Iv.). ee 

The organs of reproduction at first altogether resemble 
those of the Hepatice ; but in the course of their develop- 
ment the following differences arise :—The archegonium of 
Mosses is ruptured by the young sforogonzum, and usually _ 
in such a way that the lower part remains as a sheath or 
vaginula, while the remainder is elevated in the form of a ee 
cap or calvptra, surmounting the capsular ‘fruit,’ the wx, 

theca, or sporangium ; and is finally carried away by the 

wind, rain, or other accident. Theaxis of the sporangium is 
occupied by a central column or columella, around which the ee 4 

unicellular spores are formed. In order to allow these to 5 
escape, the sporangium, which varies greatly in form in the 

often, in the Andrezeaceze (Fig. 429), by four longitudinal 
slits, or, in the Phascacee, irregularly. The opening re- 
sulting from the operculum being thrown off, is called the 
stoma ; its margin is either smooth (gymmnostomous), or Is 

furnished with two rows of cilia or teeth of beautiful form, =~ 
constituting together the perzstome (Fig. 430), the nature of __ ~ 

which furnishes a character for the classification. of the i i. 
genera. ‘The antheridia are usually in groups, and are sur- — ee 

rounded by an envelope of peculiar leaves, the perzgonium — a 3 
(Fig. 427 Iv.). Among the antheridia are filiform struc- Sm 

antheridia produce a number of extremely minute anthero- — ti | 
zoids (Figs. 427 v., 428)|. On germination the spore puts — a e 

tures—possibly abortive leaves—the paraphyses, [The ~% 

out first of all a pro-embryo, which is either filiform, when it 
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is called a protonema, or thalloid, when it is a prothallium’; 

and on it the young plant is developed. | 
Besides the reproduction by spores, Mosses are also 

propagated asexually by gemme and by. stolons. ‘Those 

Fic. 420.—Andrecea alfpes- 
tris; theca bursting into 
four valves. 
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Fic. 428.-—funaria hygrometrica; 1. longitudinal Fic. 430.—Stoma of the 
section through the upper part of a plant with arche- theca of Hoxtinalis an- 
gonia @ and leaves (x 400); II. antheridium burst- tipyretica, with an inner 
ing, and allowing the antherozoids @ to escape and _ outer peristome 
(x 350). (after Schimper, x 30). 

forms in which the, growth is terminated by the production 
of antheridia or archegonia at the apex of the stem often 
exhibit prolification of the bud, as in Polytrichum (Fig. 
427 Iv.). Axillary buds by the side of the theca or of the 

antheridia often develope also by a process of renewal, 
forming growths known as zznovations. 

x 
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- The Musci are divided into two sub-classes, as follow peas ieee 

1. SPHAGNACEA. Log-mosses. ae 

According as the Sphagnaceze grow in water or on a solid sub- - 
stratum, they form a filiform or thalloid pro-embryo. In the sporo- 

r, carps are produced two kinds of 
spores; the larger are called 
macrospores, the smaller mz- 

crospores ; the former only ger- 

minate. The mode of growth } 
is shown in Fig. 431. [This Ave 

section includes the single genus 

Sphagnum. | 

=—— = aN aN 

A 

SS 

——= 

Fic.. 431.—Sphagnum acutifolium; I. part of the stem Fic. 432. — Splach- 
with two sporogonia a and four antheridial receptacles 4 num anipullaceunt 
-(after Schimper, x- 3); II. an antheridial receptacle | (Acrocarpi; magni- 
separated, with-the perigonial leaves removed from the fied). : 
lower part so as to expose the stalked globular antheridia 
(more strongly magnified). 

2. BRYINEEZ. True Mosses. 

Pro-embryo always filiform (protonema) ; only one kind of spore. 4 
I. Schizocarp~t or Andreeacee. ‘The ripe theca opens by four longi- ae . : 

tudinal slits (Fig. 4209). | ae ieee" 
2. Cleistocarpi or Phascacee. [The roundish theca ruptures the 

calyptra laterally, without raising it up as acap; no operculum,] = Phy 9) 

= 

«7 
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"3. Stegocarpi or Bryacee. [The theca is covered by a calyptra, and 
opens by throwing off an operculum. | , 

Fic. 434.—Hypnum flicinum (Pleurocarpi ; 
natural size). 

oe > > 

\ SW die 

Fic. 433.—Bryum argenteum (Acro- 
carpi); I. the whole plant (magni- 
fied); II. theca with operculum; 
III. theca burst, showing the peri- Fic. 435.— Hypnum populeum (Pleuro- 
stome (more strongly magnified). carpi ; magnified). 

xX 2 
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a. Acrocarpi. The theca springs from the apex of the main: 
stem or its branches ; e.g. Funaria, Splachnum, Dicranum, > 
Bryum, Polytrichum, &c. (Figs. 427, 432, 433). | 

6. Fleurocarpt. ‘The theca springs from the axil.of a leaf; 2. 

Hypnum, Fontinalis, &c. (Figs. 434, 435). 
c. Lnthophyllocarpr. The lateral or terminal theca springs from 

a duplication of the leaves, 

Mosses are generally distributed over the surface of the earth ; only 

a few grow in water. They are of no economical importance; the 
species of Sphagnum contribute largely to the formation of peat. 

Cuass VIL.* Filzces: 

Ferns have usually a simple or branched creeping: rhi- 
zome, either below or above the surface (Fig. 436) ; rarely. 
an erect woody stem, which is then always simple (Fig. 437). 
In either case the stem always continually dies off slowly at 
its lower end, or becomes lignified. Large numbers of ad- 
ventitious roots provided with root-hairs break out from the 
lower part of the stem or from the rhizome, while the upper 
part frequently puts out aérial roots. The stem is covered, 

when young, with an epidermis provided, where above- 
ground, with stomata. ‘The subjacent cortical tissue either 
consists entirely of thin-walled parenchymatous cells, or be- 

comes differentiated into an outer cortex consisting of thick- 
walled cells, and a thin-walled parenchymatous inner cortex 
(Fig. 438 R’ and R”), the latter passing over gradually into — 
the fundamental tissue. The activity of the cambium of 
the vascular bundles is limited, as also is their diametral 
growth, the vascular bundles growing chiefly at the apex.: 
The bundles of the entire plant are in direct communication 

with one another above and below, and thus form a system 
of fibro-vascular bundles. ‘They divide and ramify in the 
stem, forming a complete network, and send out branches 
into the leaves. In the roots, on the contrary, the bundles 

coalesce into a single central or axial vascular bundle. The 3 3 4 | 

separate bundles, as seen in transverse section, are some-_ 
times roundish and sometimes ribbon-shaped, and are 
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‘usually separated from the cortical and medullary cells 
by a vascular bundle-sheath, consisting of prosenchymatous 
cells thickened on one or on all sides, and generally fibri- 

Fic. 436.—Black spleenwort, Asplenium Adiantum-nigrum, showing a part of the 
rhizome (natural size, with a single pinna magnified). 
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form and strongly lignified. The oldest parts of the bundles 
contain narrow vascular cells with annular or spiral thicken- 
ings; the portions formed later having, on the other hand, . ~ 

scalariform cells.!. ‘True vessels occur but rarely. In the — 

Fic. 437.—A lsophila aculeata ; a tree-fern (greatly reduced). 

woody parts of the bundles there are also parenchymatous ~ 

cells containing starch, and the bast-portion is constructed 

1 [The abundance of scalariform cells and scalariform vessels (Fig. 
69, p. 46), is one of the chief characteristics of the woody tissue of — ‘g “ 
nas as contrasted with that of flowering plants, though they are ae Bee 
no means peculiar to this class of plants. Be { 
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Fic, 438.—I. Transverse section through the rhizome of the common brake, Pzerzs 
aqutlina, showing the distribution of the vascular bundles (natural size); II. a 
part of the preceding figure; o epidermis ; rR’ thick-walled, r” thin-walled coer- 
tical tissue; S vascular bundle-sheath ; x cells with the wall thickened on one 
side outside the latter ; s¢ bundles of fibriform cells (x 110), 
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of parenchyma which also contains starch, and of base. tubes ; 
and sieve-tubes (Fig. 438 I1.). 

The leaves of Ferns are commonly known as s fronds. 
They originate, like those of higher plants, as small cellular 

elevations beneath the 
‘punctum - vegetationis ;’ 

but increase in length, like 
branches, at their apex, 

below which the lamina is 
then formed. The leaves 
are rolled up, when young, 
in a circinate manner ; after 

maturity, they are ioe 

off periodically. They are 

| roduc nly at the apex 
-Fic. 438 I1I.—Transverse section through P od ed O y tne Pp 

the stem of a tropical Fern ; a @ layers of of the stem. Their form 
lignified nearly solid parenchymatous ‘ 
cells, surrounding the vascular bundle c ; varl1es greatly, from lanceo- 

x5 the points of attachmentof fiveleaves Tate and entire in the harts- 
tongue, Scolopendrium, to 

doubly or trebly pinnate in the Aspzdiums. Except in the 
Hymenophyllacez they are almost always composed of 

several layers of cells, which very commonly separate into 
two clearly distinguishable laminz, the upper one consisting 
of cylindrical cells placed vertically to the surface, and fit- 

ting more or less closely to one another, the lower of a looser 
tissue formed of cells of a more spherical form. Both sides 

of the leaf are covered by an epidermis provided with nume- 
rous stomata. The stem and the rachis of the leaves are 
clothed, in most species, with brown dry lanceolate or hair- 
like epidermal structures of a thin membranous texture, the 

palee. 
The sforangia are arranged in masses at definite spots, 

usually on the under side of the leaf, and are outgrowths of 

its epidermis (Fig. 439). The separate sor¢ [or collections 
of sporangia] vary in form and arrangement, and afford dis- 
tinguishing characteristics for the genera. They are round- 
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‘ish in Polystichum, \near in Asplenium. They are occa- 

sionally naked, as in Polypodium (Fig. 439 v.); but more 
I. | Iv. 

Fic. 439. — Pinne of fronds of Ferns with sori; I. Asfrdium, the sporangia 
visible at the margin of the peltate indusium; II. Asplenium: III. Pteris 
aguilina; 1V. the same with the indusium thrown back to show the mode of 
attachment of the sporangia; WV. Polypodium, indusium wanting ; VI. Hymzeno- 

- phyllum or filmy fern; VII. the same ; the indusium partly removed to show the 
sporangia (all magnified). 

often covered by a membranous skin, the zvduszum [which 
is usually an extension of the epidermis] (Fig. 439 1.). In 
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most Ferns the sporangia are provided with an elastic ring, 

the annulus, running over the apex, which [by its contrac-. ; 

tion| causes the sporangium to burst [to allow the escape of 
the spores] (Fig. 440 1.); less often it surrounds the sporan- 

UGLY, 
LU, 

GU. 

wall 

Fic. 440.—Sporangia of = Fic. 441.—Reproduction of a Fern, Pfreris serrulata; I. 
Ferns; I. Aspfzdium with the prothallium proceeding from the spore; @ spore, 6 
vertical annulus: II, rhizoids, x y antheridia(x 80); II. an archegonium near 
Trichomanes with hori- the period of opening, @ central cell (x 400); III. the 
zontal annulus ; III. Os- young plant springing from the cordate prothallium ; w 
munda regalis, royal first leaf, ~ first root (natural size). 
fern, with incomplete 
annulus (all greatly magnified). 

* ‘ 

gium in a horizontal or oblique direction (Fig. 440 11. Tl). ~ ; = 
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leaf-like often kidney-shaped structure, lying flat on the 
surface of the ground, the srothallium or pro-embryo (Fig. 
AAI I11.), which puts out root-hairs |7hzzozds| from its under 

side, and forms the archegonia and antheridia among them. 
In the former are produced the ciliated antherozoids (Fig. 
442); from the latter, which agree in almost all points with 

Fic. 442.—Antheridia of Adiantum capillus-veneris, maidenhair-fern; I. not yet | 
mature; IJ. the antherozoids fully developed; III. the antherozoids escaping 
from the burst antheridium ; # prothallium, @ antheridium, s antherozoids, 6 
mother-cell of an antherozoid (x pee) 

the archegonia of Mosses, the young plant is developed, 
after the fertilisation of the oosphere by the mean 

the prothallium then disappearing.! 
An alternation of generations is very strongly marked in 

Ferns ; the first [sexual] generation includes the formation of 
the prothallium and sexual organs ; the second [non-sexual | 

1 [The central cell. of the archegonium divides first into four cells, 
of which the two lowest subdivide and become imbedded ih the sub- 
stance of the prothallium. The two upper of the four cells also sub- 
divide, one developing into the rhizome, the other into the first rootlet . 
of the young Fern.—ED. ] | 
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bao the spore-producing Fern-plant itself. Fem ¢ are 
-also reproduced by means of gemma which grow on ‘be 

stalk or surface of the leaves. 
Ferns have been fea. to but very few economical: 

uses. The rhizome of the ‘ male fern,’ Wephrodium filix-mas, 
and of the common polypody, Polypodium vulgare, and thes 

 palez of a Sumatran species, Czbotium glaucescens, are used. 

in medicine as vermifuges. 

[The following is, with some modifications, the classification of 

Ferns adopted by Mettenius :— 
1. Hymenophyllacee. Sporangia formed on a prolongation of a 

vein projecting beyond the margin of the leaf, and surrounded by a — 

‘cup-shaped indusium. Annulus oblique or transverse, and dehiscence, 

_ therefore, longitudinal: leaves often very thin and delicate : Aymeno- 

phyllum, Trichomanes, Loxsoma, &c. (Figs. 439 VI., VI., 440 11.) 

2. Gleicheniacee. Sporangia sessile, with a complete transverse 

annulus : dehiscence longitudinal : Gletchenza. 
3. Schizeacee. Sporangia sessile or shortly stalked ; annulus com- 

plete, forming an apical cap-like zone, dehiscence longitudinal: Schzzea, 

Anemia, Lygodium. 
4. Osmundacee. Sporangia shortly stalked; annulus running round one 

side only; dehiscence longitudinal ; Osmunda, Todea. (Fig. 440 I11.). 

5. Cyatheacee. Annulus complete, oblique, eccentric ; dehiscence 

transverse ; sorus generally on a strongly developed receptacle : 

Alsophila, Flemitelia, Cyathea ; rnost tree-ferns. 

6. Polypodiacee. Annulus vertical and incomplete ; dehiscence 
transverse :—Acrostichum, Polypodium, Adiantum, Pteris, Blechnum, 

Asplenium, Scolopendrium, Aspidium, &c. (Fig. 439 1-V., 440 1.). 

7. Marattiacee. Sporangia placed singly on lateral veins of the 

pine: : Marattia.— ED. | 

Crass VIII. Agussetacee. 

The aérial stem of the Horsetails springs from a creeping 
rhizome which produces at its nodes a number of adventitious 

roots. ‘The stem is herbaceous, usually furrowed, simple or 
branched, jointed, and provided at the joints or nodes with 
toothed sheaths formed by the coalescence of the leaves at | 

their base. The habit of the plant depends on this mode 

ai fa s + “ 
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in which the leaves.are formed, and on the verticillate ar- 
rangement of the branches which spring from buds in the 
cortex (Fig. 443). While, in respect of their vegetative 
organs, they can be compared only with the Australian 

Fic. 443 II.—A peltate scale bearing the sporangia on its inner side facing the stem, 
five being visible (magnified) ; III. spore with the elaters unrolled which were 
previously coiled spirally round it (greatly magnified) ; IV. &. fuviatile ; rhi- 
zome covered everywhere with root-hairs, and having four tubers about the size of 
hazel-nuts which would, under favourable conditions, develope into new stems. 

dicotyledonous Casuarineze and the extinct Calamites, in 
their mode of reproduction the Equisetaceze closely resemble 
Ferns. In the internal structure of the stem the azr~-cavities 
are of great importance. Its centre is occupied by a large 
central air-cavity (Fig. 444 A, c); and in the surrounding 

ring of tissue, which is often rather narrow, there is almost 
always a cortical air-cavity (Fig. 444 A, 7) between each — 
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pair of vascular bundles g. In addition, there Ofte Gene 
also the so-called ‘ essential’ air-cavities (Fig. 444 B, L’) in. 

the vascular bundles. In some species the epidermis, which 
consists of a single layer of cells and is more or less strongly 
silicified, has stomata (the ‘ Equiseta phaneropora’) ; while 
in others (‘Equiseta cryptopora’), it is penetrated by crevices 

beneath which are the truestomata. The stomata (Fig. 444 

B, st) are always placed in a single or in several rows between 

the elevated ridges of the stem. ‘The cortex consists of thin- 
walled or of only moderately thickened parenchyma. It is 
separated on the inside from the vascular bundles by a — 
sheath which sometimes encloses all the bundles together 

| (Fig. 444 B, s) ; while at other times each separate bundle is. 

surrounded by a sheath (Fig. 444 A, g). The vascular 

bundles ascend in a vertical direction, and parallel to one 
another, through the internodes, and form annular coils in 

the nodes. The ‘essential’ air-cavity occupies the largest 
part of the woody portion of each vascular bundle ; one or 

more vascular cells project into it on each side; and its 
outer part is formed of elongated parenchymatous cells 

containing starch. ‘Two other groups of vascular cells are 

found on the cortical side of the bundle. The bast-portion 

contains three elements; parenchyma, bast-fibres, and 

sieve-tubes ; 1t hes between the four groups of vascular cells 

and the vascular bundle-sheath. In the root is an axial 
bundle of vascular cells surrounded by elongated parenchy- 

. matous cells, with which sieve-tubes and bast-fibres are inter- 
mixed. ‘The sporangia are capsules placed on the under side 

of scales belonging to the fructification (Fig. 443 11). The 

fructification or receptacle is often placed on.special shoots 
which are distinguished by their external form and by their 
brown colour from the sterile green stems (Fig. 443 1.). 
The spores are provided with two hygroscopic bands or 

elaters (Fig. 443 111.), only loosely attached to them [formed _ 
by the splitting into narrow strips and the partial detaching 
of the icin hed or outermost of the three coats of the De ae 
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and serving, by their hygroscopic properties, to assist in 

their dissemination]. On germination the spore gives rise 
first to a flat pro-embryo or prothallium, upon which are 
produced, in some species only one, in others both kinds of 

reproductive organs, antheridia and archegonia (Fig. 445) ; 
? | III. 

Fic. 445.—Lguisetum maximum; 1. prothallium v with eleven antheridia a (x 30) ; 
II. prothallium v with archegonium a (x 30); III. an antherozoid (x 500). 

the former species being therefcre dicecious, the latter mon- 
cecious. In the antheridia are developed a number of 
motile antherozoids ; in the archegonia, as in Mosses, a 
single central cell containing an oosphere, which, after 1m- 
pregnation, developes gradually into the young plant. ‘The 

alternation of generations is therefore precisely similar to 
that of Ferns. The Equisetaceze are also propagated ina 
vegetative non-sexual manner, by means of subterranean 
stolons and tubers (Fig. 443 Iv., p. 318). 

The class includes only a single genus, Lgutsetum. A quantity of 

silica is deposited in the stems, and especially in the epidermis ; £4. 

Y 
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hyemale being on this account especially used asa substance for polish- 

ing, under the name of ‘ Dutch rushes.’ /. arvense isa troublesome § ~ 

weed. 

Crass IX. Ophioglossacee. 

The.plants belonging to this class were till recently in- 
cluded among Ferns ; but are sufficiently distinguished from 

them by their underground pro-embryo, which is destitute 
of chlorophyll ; by the mode of development and the form 

of the sporangia ; and finally, by the stem never branching. 
The primary root seldom branches ; and the small, flat stem is 

enclosed by the sheathing base of the leaf. The number of 

leaves, which are always annual, is small; our two native | 

species, Ophioglossum yulgatum (Fig. 446), and Botrychium 
Lunaria, never producing more than one each year. The 

leaves are also remarkable for the slowness of their growth ; 
those of the latter species requiring four years for their de- 

velopment, the first three of these being spent entirely be- 
neath the soil. As soon as the plant has attained a certain 

age, the leaf branches, one half developing into a receptacle 
or spike of sporangia, [the other into the green lamina of the 

leaf|. The sporangia are not produced each from a single 

epidermal cell, and therefore of the nature of trichomes, as 
in Ferns ; but are rather entire lobes of the leaf, the internal 

tissue of which is the origin of the mother-cells of the 
spores. In Od/zoglossum the sporangia are arranged in two 

rows ina simple spike (Fig. 446 1., 11.), and are coherent ; 

in Botrychium, on the contrary, they are distinct, and form 
a branched spike or panicle. The tetrahedral spores pro- 
duce, on germination, prothallia, on which are developed 
the reproductive organs, antheridia and archegonia ; but 

the process of impregnation and the first stages of develop- 
ment of the oospore have not yet been observed. ‘There is — 
the same alternation between a sexual generation producing 
antheridia and archegonia, and a non-sexual generation pro- ~ 
ducing spores, as in the last two classes. In Ophzoglossum. — 
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_ there is also a vegetative mode of reproduction by means of 
adventitious buds on the roots (Fig. 446 1.). The prevalent 

I. 

Fic. 446.—Adder’s-tongue, Ophioglossum vulgatunt : I. whole plant (natural size) 
Il. a part of the fertile portion of the leaf with four sporangia in the act of burst- 
ing (magnified). : 

hie. 
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form of tissue is parenchymatous fundamental tissue, con- 

sisting of long, nearly cylindrical cells, thin-walled and full 
of sap, and with large intercellular spaces. Both sides of the 
leaves are covered by an epidermis provided with numerous 

stomata. The vascular bundles form a network in the stem, 

the tissue which occupies the space between the meshes 
being frequently changed into scalariform vessels, so that 
the stem then forms a closed hollow cylinder. ‘This often © 

takes place only on one side. 

[The adder’s-tongue, Ophioglossum vulgatum, and the moonwort, 

Botrychium Lunaria, are the only British representatives of the class, 
which comprises only a very small number of species. None are of any 

economical value. | 

Cuass X. LRhizocarpee. 

The Rhizocarpez are plants floating on the surface or 

creeping along the bottom of water, and derive their name 
from the circumstance that their fructification is placed at 
the base of the leaves or between the fibres of the roots. 
From their mode of life they have also been called ‘ Hydro- 
pterides’ or Water-ferns. The stem has a simple vascular 
bundle in its axis, which branches with the stem and also 

passes into the leaves, and is surrounded by an annular 
layer of lignified cells and a parenchymatous cortex. ‘The 
woody part (xylem) of the bundle consists of very thick- 
walled vascular cells, among which occurs here and there an 
elongated parenchymatous cell, while the bast-portion con- 
tains parenchyma, vessels, and bast-fbres. The root has 

also a central bundle, which is, however, surrounded by a 

sheath. The fructification consists of conceptacles or 
sporocarps, containing a number of sforangia collected in 

groups or sovz. The spores themselves are of two kinds: — 
macrospores, and mtcrospores several hundred times smaller. 

They are formed in different sporangia, macrosporangia and 

microsporangia ; the two kinds being found either in the 
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same or in different sporocarps (Figs. 447 1, 449 1). Fhe 

antheridia are either formed directly from the microspores, as 

in Marsilea and Pilularia ; or, in Salvima, the microspores 
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Fic. 447.—Salvinia natans ; 1. apiece of the plant Fic. 448.—Marsilea quadrt- 
with two aérial leaves, and one deeply divided folia, with two sporogonia 
root-like submerged leaf with sporogonia (natural (natural size). 
size) ; II. a section through two sporogonia ; @ : 
sporogonium with macrosporangia, 4 with microsporangia (greatly magnified). 

germinate and produce spore-sacs, the apices of which de- 

velope into antheridia. At the apex of the macrospore 1s a 
papilla of protoplasm from which is developed the primary 
cell of the prothallium or pro-embryo (Fig. 449 1. a). The 
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contents of this apical papilla, which is enclosed in the gela’ 
tinous envelope that surrounds the whole spore, divide, 

when the spore begins to germinate, into a central cell and 
several superficial ones. The latter become filled with 
chlorophyll, and grow into a body which is placed like a 
cap on the apex of the macrospore, and then form the’cells 

Fig. 449.--Marsilea salvatrix; 1.a macrcspore before fertilisation with its mucila- 
ginous envelope,; the pro- -embryo i is developed from the roundish papilla g at the 
apex of the spherical spore (x 15); 6 microspores (x 15), c single microspore 
(x 100) ; 11. antherozoid with its attached vesicle (x 690); ILI. pro-embryo with 
oospore seen in transverse section ; the spherical oospore a has already a cell-wall 
(x 200); IV. young plant seven days later still attached to the spore A(x 7) 
(all after Hanstein). 

which immediately surround the central cell, and which 

therefore constitute the archegonium. At the proper time 
one or more antherozoids force themselves through the neck 
of this archegonium, and presumably disappear in the in- 
terior of the central cell, ze in an oosphere. ‘The oospore 

or fertihsed oosphere then becomes surrounded by a cell- 
wall (Fig. 449 111., 0), divides ito new cells, and gradually — 

grows into a new plant (Fig. 449 I1v.). In their alternation 

ee 
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of generations Rhizocarpez do not differ from the other 
classes of Vascular Cryptogams. Salvinia (Fig. 447) is 
absolutely rootless. On the older parts of the plant the 

leaves stand in whorls of three, the two upper leaves of the 

whorl being aérial leaves with entire margins, the lower one 
a submerged leaf divided into very narrow root-like seg-, 
ments. 

The European genera of Rhizocarpeze are only three, which are 

classified, as follows, into two orders :— 

1. Marsileacee. Perennial plants creeping in mud; the micro- 

sporangia and macrosporangia are contained in the same sporocarp: 
Marsilea, Pililaria. | 

2. Salviniacee. Annual plants floating on water ; the microspo- 
rangia and macrosporangia are formed in different sporocarps : 

Salvinia. | 

Only one other genus is known in addition to the above, Azol/a, 

[belonging to the Salviniacex]. The sporocarps of several Australian 

species of Marsilea are known as ‘nardoo,’ and are used by the natives 
as an article of food. 

Crass XI. Lycopodtacee. 

The plants belonging to this class present so many 
diversities, especially in relation to their vegetative organs, 
that they might well be distributed into several classes. 
The true Lycopodiee (Fig. 450 A) have a procumbent stem 

which usually dichotomises repeatedly, the branches extend- 
ing in all directions. The Selaginellee (Fig. 450 B) have 
also a procumbent stem which branches dichotomously, 

but the branches develope only in one plane, so that the 
plant presents an external resemblance to the Junger- 

manniez among the Hepaticz. In both these families the 
leaves are simple, sessile, and with a single central vein ; 

but in the Lycopodiez all the leaves are of the same size 
and arranged spirally on the stem, while in the Selaginellez 
they are placed in four rows, and are of different sizes, the 
lateral rows consisting of larger, the upper and under 
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Fic. 450.--A. Lycopodium clavatum ; I. fertile branch or receptacle 
(natural size) ; II. small leaf or bract bearing a sporangium (greatly 
magnified) ; b. Selaginella tnequalifolia; I. fertile branch (natural 
size); II. microsporangium; III. macrosporangium (the two last _ 
greatly magnified), . : 2 riz2 set lies 
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rows of smaller leaves. In both families a number of 

adventitious roots are produced on the under side of the 
stem facing the ground, and the stem contains an axial vas- 
cular bundle. In contrast to these two families, which are 

both terrestrial, 1s a third, the /soé/ee (Fig. 451), consisting 
of aquatic plants with a simple cylindrical but only slightly 
developed stem and elongated grass-like leaves. The single 
genus belonging to this family, /scéfes, is the only one at 
present known among Cryptogams in which the stem per- 
manently increases in thickness ; and this takes place by an 
annual formation of new masses of tissue round the cen- 
tral vascular bundle, the older ones gradually dying off on 
the outside. Since this process takes place almost entirely 
at two spots directly opposite to one another, the stem ul- 

timately has the form of a plate or disc (Fig. 451 11.). The 
axis of the stem is occupied in all the Lycopodiaceze by 

one or several vascular bundles separated from one another 
by intermediate parenchymatous fundamental tissue (Fig. | 
452). In the Selaginelleze the vascular bundle is connected 
with the cortex by a very loose spongy tissue, so that it 
appears to lie almost isolated in a cylinder filled with air 

and connected with the walls only here and there by 
parenchymatous cells. In the other families of the class a 
sheath of thick-walled fibriform cells arranged in several 
layers takes the place of this spongy tissue (Fig. 452 Ss). 
The structure of the vascular bundle itselfis always uniform. 
The xylem-portion consists of wider vascular cells in its 

inner, of narrower vascular cells in its outer part ; the bast- 
portion possesses vessels, fibres, and parenchymatous tissue. 

The axial vascular bundle sends out ramifications into the 
branches and leaves. | 

In all the Lycopodiacez the fructification takes the 
form of sporangia or capsules which burst open when ripe, 
seated in the axils of the leaves, and often, asin Lycopodium, 
constituting a peculiar spike-like receptacle. 

The families Selaginelleze and Isoétex have two kinds: 
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Fic. 451.—Jsoéles lacustris ; 1. the whole plant (natural size); II. transverse section 
through the peculiarly thickened stem (natural size); III. macrospore (x 60); 
IV. longitudinal section through the pro-embryo with an archegonium a (x 40) ; 
3 sey with three mother-cells of antherozoids (x 500); VI. antherozoid 
X 500). 
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Fic. 452.—Transverse section through the stem of Lycopodium annotinume; O epi- 
dermis ; A R outer cortex ; J R inner cortex: s fibrous sheath ; p vascular bundle 
sheath or the thin-walled parenchyma surrounding the vascular bundle; H 
xylem-, B bast-portion of the vascular bundle ; Bsf, Boz’, leaf-traces, or branches of 
the vascular bundle proceeding to the leaves (x 120). 
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of sporangia (Fig. 450 B, IL, Ill.): macrosporangia, in 
which are formed four large macrospores ; and microsporangia, 

in which a greater number of much smaller spores, the mz- 

crospores, are developed. The microspores are the an- — 
theridia, and break up into a small number of cells, one 
of which remains unproductive and may be regarded as 
an abortive pro-embryo, while antherozoids are developed 

in the remainder. The macrospores, on the other hand, as 
in the Rhizocarpez, produce a transitory pro-embryo or pro- 
thallium, which bears archegonia opening outwardly (Fig. | 
450 B, Iv.), and in their interior a central cell with its oosphere. 
In the Isoeteze the pro-embryo entirely fills up the macro- 
spore ; while in the Selaginellez it is attached to its apex 

as a cap-shaped appendage. After fertilisation, which pro- 
cess has not yet been directly observed, the embryo is, in 
Lsoétes, developed directly from the oosphere, while, in Se/a- 

ginella, the latter forms at first a filiform sasfensor, on which 

the young plant is then developed. The mode of reproduc- 
tion of the Lycopodiez is still unknown, and at present 

_ only one kind of spore has been observed in them, corre- 

sponding in its external characters to the microspores of the 
other families. It is obvious that there is in the Lycopodi- 
aceze an alternation of generaticns resembling that which 

prevails in other Vascular Cryptogams. ‘They are also pro- 

pagated in a non-sexual vegetative manner by means of 
gemme, that is, by buds formed in the axils of the leaves, 
which becomé detached from the parent-plant and develope 

into new individuals. 

[The Lycopodiacez are divided into three families, as under : 

1. Lycopodiee. ‘Terrestrial plants with small leaves all of one size ; 

only one kind of spore known: Lycopodium, Tmesipterts, Phylloglossum, 

Psilotum. , 

2. Selaginellee. Terrestrial plants with small leaves of two differ- — 

ent sizes ; two kinds of spores: Selagenella. 
3. Lsoétee. Aquatic plants with long grass-like leaves ; two kinds 

of spores : Lsoétes. | 
The number of species is about three hundred ; all comparatively 
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small plants; whereas, in past geological epochs, plants belonging to 

this class, as Lepidodendron, attained a height of 30, and a diameter 

of one metre. The only European genera are Lycopodium, Seaginella, 

and /soétes. _The yellow spores of several species of Lycopodium, 1. 

clavatum, annotinum, and Selago are officinal, and are used for making 

artificial lightning. [Several species are commonly known as ‘ stag’s- 

horn-moss ’ or ‘ club-moss.’] 

FLOWERING’ PLANTS. 

Cuiass XII. Gymnosperme. 

[The main characteristic of Gymnosperms, as distin- 
guished from the other classes of Flowering Plants, consists 
in the absence of an ovary, the seeds being borne naked on 
the upper side of the woody scales which some consider to 
be the carpels. With this is necessarily connected a dif- 
ference in the mode of fertilisation and in the structure of 
the pollen-grains, which has already been explained (p. 191). 
In their reproductive organs, therefore, the Gymnosperms 

exhibit a decidedly lower type of organisation than Mono-- 

cotyledons or Dicotyledons, and in many respects occupy 
an intermediate position between these classes and Cryp- 
togams. The pollen-grains suggest a homology with the 
microspores of Se/agenella ; and the corpuscula or secondary 

embryo-sacs with the central cell of the archegonia in Vas- 
cular Cryptogams. In the anatomical structure of the wood 

Gymnosperms resemble Dicotyledons. in all essential par- 

ticulars (see p. 356).] The class is divided into three 
orders :— 

Order 1. CYCADE&, The Cycadez (Fig. 453) are all tropical trees 

with simple stems, resembling Palms in their habit and Fernsin the mode 
of development of their leaves. Their columnar stems attain a consider- 

able diameter, are tuberous or globular when young, and often even 

at a later period, and bear two kinds of leaves; the one dry brown, 

hairy, sessile scales of a coriaceous texture and comparatively small 

size, the other large, stalked, simply pinnate foliage-leaves. They are 
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Both kinds of flowers are always placed in terminal cones dicecious. 

4 

at the apex of the stem, in the centre of the crown of leaves, and have: 

SS SS 

Fic. 453.—Cycas circinalts, a Cycad (greatly reduced). 

which is 

, in the other case bears 
is, , but consist simply of an ax no floral envelope or perianth 

in the one case densely covered with stamens 
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J. a branch 
Fic. 454.—Pinus sylvestris, the Scotch fir ; 

(natura size). 
(reduced); II. a male flower. 

s 
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the ovules. The two cotyledons are unlike in form, are connate with 

one another at their apex, and remain, on germination, enclosed in the 

albuminous seed. The pith of some species, as the East Indian Cycas_ 

circtnalis, and the South African Lucephalartos lanuginosus, afford a 

kind of sago. [Principal genera: Cycas, Stangeria, Dioon, Encephalartos, 

Zana. | . 

Order 2. CONIFER. Trees or shrubs, with stems growing at their 

apex for not unfrequently several centuries, and attaining a height of 

200 or 300 feet or more. Either all the leaves have the form of foliage- 

leaves, as in Funiperus and Thuja, or foliage-leaves alternate with 

membranous scales which serve to protect the buds, as in the Abietinez. 

The leaves are small, usually acerose (Fig. 454), and endure for several 

years, and the plants are therefore evergreen. The flowers are always 

incomplete (without perianth), and either moncecious, as in Adzes, or 

dicecious, as in the yew and juniper. The male flowers, which are 

often incorrectly called’ catkins, bear leaf-like or scale-like bracts on 

the lower end of a common axis, and at the upper end a number of 

stamens. The female flowers are of various forms, and are either solitary 

or united into peculiar cone-like inflorescences, In the Cupressinee 

(Figs. 455, 456) the stamens are broad, and bear two or three pollen- 

Fic. 455.—Ripe coneof Fic. 456. —Berry-like Fic. 457.—Male flower of the 

Cupressus (natural fruit of the juniper yew; I. before, II. after the 

size). (natural size). Bee of the pollen (magni- 
ed). 

sacs on a shield-like mid-rib. The ovules are erect and orthotropous, 

and stand in the axils of the bracts or carpellary scales. In some genera, 

as Thujaand Cupressus, the fruit is a cone ; in others, as Funiperus, it is 

berry-like, and formed by the coalescence and softening of several female 

flowers. ‘The embryo has two or three cotyledons, which remain in 

the ground on germination. The fruit of the juniper, Suszperus coni- 

munis, is officinal, and is applied to many purposes-; as also are the © 

gee 
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young branches of the poisonous savine, Funiperus Sabina, and the rosin 

from the North American Calhtris guadrivalvis. ‘The anthers of the 
Taxinee (Fig. 457) are two-lobed. The erect ovules (see Fig. 328, 

p: 154), which are either solitary or arranged in groups on a special 

branch, and either terminal or lateral, develope into nut-like seeds 

surrounded by a more or less thickened and fleshy envelope or aril. 
The embryo has two cotyledons which in some genera rise above the 
ground, while in others they do not. The poisonous leaves of the yew, 

Laxus baccata, are officinal. The Adzetenee (Figs. 454, p. 335; 458. 

459) approach the Taxinezein their two-lobed anthers, and the Cupressinez 
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Fic. 458.—Larch (Pizzus Larix); I. a seed-scale 4 from 
a young cone, seen from the inner side, with the bract 
a, and the two inverted naked ovules d; II. ripe 
cone ; III. z pas a es . mye cone, seen from the 

outer side, 6 the bract which has not grown along with Fic. — 
the scale, and is therefore smaller ; IV. the eae with ees ae 
its wing @; V. longitudinal section through the seed, 
the small embryo & lying in the endosperm e. 

in their fruit, which is a cone ; but differ from both these suborders in 
their anatropous ovules with the micropyle directed downwards, and- 
in the number of their cotyledons, which varies from five to twelve 
[or rather from two to fifteen]. The cone is also constructed differently 
from that of the Cupressinez, being composed of imbricate bracts and 

Z 
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carpellary scales, each of which bears two winged ovules. These 
scales overtake in their growth the bracts which are situated between 

them, and which are arrested in their growth and become coriaceous 

or woody. The cedar of Lebanon, Cedrus Lzbanz, is of historic interest, - 

but has now nearly died out, and is related to the exotic Araucariez. | 

The best-known European representatives of the sub-order are the Scotch 

fir, Pinus sylvestris, the Spruce fir, Penus excelsa, the larch, Larix 

europea, {and the stone pine, /zzus Pinea.| ‘The various trees belonging 
to it are of the highest value for a great variety of purposes ; the wood 
being employed for fuel and for building purposes, for joining and. 

turning work, for the manufacture of musical instruments, &c. [and for 

the navy]. The wood of the root is lighter and is less used for fuel than 

that of the trunk, but is richer in resinous substances, and therefore — 

more serviceable for the production of tar. Pinus sylvestris, Pinea, 

nigricans, and Pinaster, all yield common turpentine, from which tur- 

pentine-oil, pine-resin, colophony, and pitch are obtained. Venetian 

turpentine is prepared from the larch. <Adzes balsamea and canadensis 

of North America yield Canada-balsam ; Dammara orientalis from the 

Moluccas, and LD. australis from New Zealand, the Dammar resin or 

kauri-gum. L2nzles succtnifer is one of the extinct sources of amber. 

The starchy and oily seeds of Pzzus Pinea and P. Cembra-are edible. 

Many of the resins and volatile oils are officinal. [Principal genera :— 

Araucaria, Dammara, Pinus, Larix, Cedrus, Picea, Abtes, Sequoza, 

Cryptomerta, Taxodium, Frenela, Callitris, Libocedrus, Thuja, rota, 

Cupressus, Funiperus, Taxus,+ Torreya, Phyllocladus, Salisburta, 
Cephalotaxus. | 

Order 3. GNETACE&. To this order belong only three genera, of 

remarkably different habit. The various species of Zphedra are shrubs 

destituie of foliage-leaves, with long slender cylindrical green-barked 

branches ; at the joints of the stem are two opposite minute leaves, 

which grow together into a bidentate sheath, and from their axils spring 

the lateral branches. In Gyvetum the leaves are also opposite on the 

jointed stem, but are stalked, and have a broad lanceolate lamina. 
Welwitschia mtrabilis, the only representative of the third genus, never 

has more than two leaves, but these are of immense size, and are, ap- 

parently, the cotyledons. 

Crass XIII. Monocotyledones. 

The embryo has only one cotyledon. The perianth is 
simple, or, when double, without distinction of calyx ands 
corolla, and the prevalent number of its pants is three or six. 
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The stem in its young state is always provided with an 
epidermis, the cells of which often contain silica, as in 

Grasses and Palms, giving the surface a vitreous appearance. 
The simple cortex consists of polygonal or roundish paren- 
chymatous cells, among which are sometimes formed strongly 

thickened cubical sclerenchymatous cells, as also fibriform 
cells and bast-vessels. When very young the cortex is 

separated from the subjacent tissue by an annular layer of 

formative tissue, or cambium-sheath, in which the vascular 

bundles are formed; but the cambium possesses in general 
only a limited activity; and when this is exhausted, the stem 
no. longer continues to increase in diameter at that spot ; 
the cortical parenchyma then passes over gradually into fun- 
damental tissue, or 1s separated from it by the lgnified 
cambium-sheath (Fig. 460 1., v). The vascular bundles 

stand singly in the fundamental tissue ; and as they con- 
tinue to develope in the tissue in which they lie, they do 
not grow in a vertical direction, but turn towards the pith ; 
and from there, again bending outwards, pass into the 
leaves. In this course they must necessarily cross the 
cambium-sheath ; and at the place where this happens the 
bundle branches, one branch entering the leaf through the 
cortex, the other taking a similar course to the next older 
bundle. When a number of bundles have been formed in. 
this manner, every bundle which bends frcm the inner to 
the outer portion of the plant must cross all the younger 

ones in succession (Fig. 460 11.). The fibrovascular bundles 
are necessarily closed, in contrast to the open bundles of 

Dicotyledons and Gymnosperms. The term Ezdogens was 
previously applied to Monocotyledons [and still is com- 

monly in works on Descriptive Botany], because it was 
thought that the vascular bundles originated in the centre 
of the stem, and grew outwardly only in order to enter the 
leaves (see Fig. 95, p. 68). 

In many species the course of the vascular bundles is 
Z2 
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Vascu- 

II. course of the vascular ‘ 

/ 

bundles cf /zzs in longitudinal section (diagrammatic). 
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o epidermis, with a stoma sf; R cortex ; v thickening-ring with the outer 
Fic. 460.—I. Part of a transverse section through the stem of 7vadescantia Selloi ; 

lar bundles g’; g” inner vascular bundles (x 75); 
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essentially different from this, passing through the separate 
internodes in a parallel direction, while they bend irregularly 
and branch in the nodes. This occurs, for example, in 

the culms of Grasses, and may be compared with their 
course in Equisetacez (see p. 320). The pith also disappears 
at a very early period in these cases, from rupture and desic- 
cation, and probably also partly from resorption, so that 
the stem subsequently becomes hollow. 

The separate vascular bundles are in general more highly 
developed than in the classes already described ; but their 
increase in thickness 1s limited, and soon ceases. The xylem- 
portion of the bundles may consist of prosenchyma, vessels, ° 
and parenchymatous cells; the bast-portion of bast-fibres, 

sieve-tubes, and parenchymatous cells, with which are some- 
times associated laticiferous vessels. The prosenchymatous 
cells are sometimes more, sometimes less strongly thickened, 

but always lignified, and have a smaller number of scattered, 
slightly bordered, oval pits; sometimes they are pointed 
at the ends, forming a prosenchymatous tissue, and re- 
semble elongated parenchymatous cells. ‘The bast-fibres are 

of similar structure, but, as a rule, more pointed. ‘The 

vessels of the xylem-portion are annular, spiral, reticulated, 
or pitted. It is not uncommon also to find single vascular 
cells not united with others into true vessels. The lateral 
walls of the sieve-tubes are usually horizontal, and provided 
with sieve-discs ; the partition-walls, on the contrary, are 

mostly smooth, and only rarely, when united in. growth with 
similar ones, also penetrated by sieve-pores, thus forming 
conducting sieve-cells. The parenchymatous cells, both of 

the xylem- and of the bast-portion, are usually elongated, and 

hence resemble prosenchymatous cells ; but always have hori- 

zontal partition-walls, and are either not at all lignified, or, at 
all events, less so than the prosenchymatous cells. The 
laticiferous vessels are also sometimes found outside the 

vascular bundle ; and are then, when they contain raphides 

and belong to the cortex, called vesicular vessels, ‘The ar- 
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rangement of these separate elements of the vascular bundles — 
of the stem is in general as follows (see Figs. 93, 94, pp. 65,° 

66).. At their inner side next the pith is a bundle of prosen- 
_chymatous cells, and in close contact with this are the 
vessels and vascular cells, which are partly surrounded by — 

the parenchymatous cells of the xylem, partly intermingled — 
with them. ‘Then follows an easily distinguished thin-walled 
part consisting of sieve-tubes, conducting sieve-cells, and 
parenchymatous cells belonging to the bast-portion ; and 
finally, towards the cortex, a bundle of bast-fibres. Some- 

times the bundles of fibres of the xylem and the bast coalesce 

laterally with one another by means of narrower or broader 

groups of prosenchymatous cells, so as to form a closed.ring 

. surrounding the other elements of the vascular bundle. 

' 

The root of Monocotyledons has an epidermis pro- 

vided with numerous root-hairs. The cortex is parenchy- 

matous, and is often differentiated into an outer and an 

inner cortex. It is frequently separated from the inner por- 
tions by a sheath. ‘The vascular bundle forms a closed 
hollow cylinder which encloses the central pith. The bast- 
cells, which are usually elliptical, lie between the radially 
placed vessels of the xylem. The xylem- and the bast-portions 

of the vascular bundie are separated by prosenchymatous 
cells. The bast-portion consists of sieve-tubes lying within 
and of bast-parenchyma pressed outwards. ~ 

The leaves are penetrated by fibrovascular bundles. 
When several enter a leaf, they may first unite into a leaf- 
‘stalk, or may be separated in their entire course, as occurs 

in many sessile leaves, like those of Grasses. The xylem- 

portion of the bundle faces the upper, the bast-portion the 
under side of the leaves. ‘The skeleton of the leaf, formed 

of the vascular bundles, is surrounded by the parenchyma 

of the leaf. This parenchymatous portion or mesophyll 

separates—independently of the epidermis, which is always 
present and is provided with stomata and often with hairs— 
into two layers, the upper layer consisting of cylindrical, the er 
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under of rounder cells; the latter being, therefore, of a 

looser texture and often penetrated by wide air-passages. 

[The following are the more important orders of Monocotyledons, 

arranged, with slight variation, according to Bentham and Hooker, those 

of less importance, and even one or two of the cohorts, being omitted : 

Division I. Flowers glumaceous. 

Cohort I. GLUMALES. Flowers in the axils of scales (glumes), 

which are arranged in spixelets ; perianth absent, or consisting of 

minute scales or hairs or bristles ; stamens one to three, rarely more ; 

ovary unilocular with one ovule; fruit a caryopsis; endosperm fleshy or 

floury ; embryo immersed or not. Grasses or grass-like herbs. 

Order 1. GRAMINE&.  Perianth absent, or of two, rarely three or 

six minute oblique scales ; anthers versatile ; fruit grooved on one side ; 

embryo outside the endosperm on one side of its base ; stem usually 

fistular, terete ; leaf-sheaths split to the base.] Herbs, rarely, as in 

the bamboo, woody, shrubby plants; the cylindrical, usually hollow, 

stem, septated at the nodes, is called a ca/m. At the point of union 

of the divided leaf-sheath and the lamina— which is always entire and 

parallel-veined— is a membranous structure [of a stipular character], the 

ligule (Fig. 147, p. 92). The flowers are hermaphrodite, seldom monce- 

cious, as in the maize, and are usually arranged in a panicle or spike, 

which, however, bears secondary spikes or spikelets instead of flowers. 

Each of these spikelets (Fig. 461) consists of a rachis, on which are placed 

the small inconspicuous flowers, concealed among closely crowded foliar 

structures. The two lowermost of the scale-like bodies usually have - 

no flowers in their axis, and thus serve as a common envelope for the 
whole spikelet, and are termed g/umes. The flowers, which are ar- 

ranged in two rows, are solitary in the axils cf the next scales; and 

since each flower has also at its base a special scale, it has two belong- 

ing to it, which are called falee, an exterior or inferior, and an in- 

terior or superior one. ‘The inferior pale has a mid-rib, which is often 

prolonged at the apex into a bristle, projecting from the back of the 

pale, and is called an awz (Figs. 462, 463). The inner pale has no 

midrib, but often two lateral nerves, and is hence bidentate at the apex. 

Within the palez, and alternating with them, are two, rarely, as in 

the sugar-cane, three minute scales, the /odzcules, which correspond to 
the perianth. The stamens are three, rarely two (in Anthoxanthum), 

or six (in the rice), the anthers being versatile at the end of long fila- 

ments (Fig. 270, p. 138). The ovary is superior, unilocular and with 

a single ovule, and usually bears two, less often (in Ma7dus) one, or 
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(in the sugar-cane) three stigmas. The fruit has. a dry pericarp, andis 
an indehiscent cavyopsis, the seed adhering in its growth to the pericarp * # 

and often to the pales. The embryo is small, on the outside of a- 

- large floury endosperm, and is enveloped by the single large cotyledon, - 

Fic. 461.—I. Expanded spikelet of the oat, witha fertile and a barren flower Fs: 
G glumes ; pe outer pale, with awn A; PZ inner pale; within are the feathery — 
stigmas ; II. fertile flower with the outer pale removed (all much magnified) ; 
III. diagram of a spikelet with two fertile and one barren flower A; B paleze; GL 
glumes ; IV. longitudinal section of a seed; A endosperm ; Cc the single cotyle- 
don ; G plumule; R radicle; T testa; o hairs (greatly magnified). f 
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which is called the scucellum (Fig. 461, Iv.) ; [though the scutellum is 

by some considered an outgrowth of the axis]. The Grasses constitute 

one of the largest orders in the 

vegetable kingdom, and are uni- 

versally distributed, but form 

meadows only in the temperate 

zone. Many genera are culti- 

vated for the sake of the nutri- 

ment contained in the seed, and 

form our cereal crops. Among 

these are wheat Z7iticum vul- 

gare, spelt Z. spelta, rye Secale Nay 

cereale, barley Hordeum vulgare, yy. 462.—Seed of Fic. 463.—Outer palez 
hexastichon, and other species, Dactylis glome- of the two barren 

. . . rata, with ter- flowers of a spikelet 
various species of oat Avena, minal awn. of Axthoxanthum; 6b 
millet Panicum  multaceum,. witha straight, a with 

: . : a bent dorsal awn. 
maize or Indian corn Zea Mais, 

rice Oryza sativa, and Egyptian millet Sorghum vulgare. The seeds 

of many species, especially wheat, contain gluten (protein) in addition . 

tc starch. Sugar occurs in the stem of most Grasses, but chiefly in the 

sugar-cane, Saccharum officinarum. Among officinal products are 

the rhizome of the couch-grass, Z7iticum repens. Among the more 
serviceable meadow-grasses are Anthoxanthum odoratum, Alopecurus 

pratensis, Phleum pratense, Agrostis vulgaris, FHolcus lanatus, Avena 

fiavescens and pubescens, Briza media, Poa annua, trivialis, and pra- 

tensis, Dactylis glomerata, Cynosurus cristatus, Festuca ovina, pratensis, 

rubra, and elatior, Bromus mollis, and Lolium perenne. ‘The largest > 

species is the East Indian bamboo, Bamébusa arundinacea (Fig. 464), 

30 to 60 feet high. [Important genera: —Andropogon, Panicum, 
Digitaria, Setaria, Zizanta, Oryza, Arthoxanthum, Phalaris, Zea, 

Coix, Phleum, Alopecurus, Agrostis, Milium, Macrochloa, Stipa, Cal- 

amagostis, Arundo, Phragmites, Ammophila, Cynodon, Spartina, Aira, 

Arrhenatherum, Avena, Holcus, Poa, Glyceria, Briza, Melica, Molinia, 

Dactylis, Cynosurus, Festuca, Bromus, Bambusa, Lolium, Triticuna, 

Elymus, Nardus, Hordeum, Secale, Sorghum, Saccharum. | 

Order 2, CYPERACE#. Perianth absent or consisting of bristles, 

rarely scales, or of asheathing bract; anthers basifixed; fruit compressed 

or trigonous ; embryo at the base of endosperm; stem usually solid and 

trianeular ; leaf-sheaths entire. Perennial plants of grass-like habit, 
often with creeping underground tuberous rhizomes (Fig. 465). ‘rhe 

aérial portion of the stem is, with the exception of the inflorescence, un- 

branched, unseptated, and usually triangular; the leaves are all radical, 
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with a sheathing but not split base, and no ligule; the lamina is parallel- 

The flowers are arranged in spikes, veined, and often three-edged. 
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Fic. 464.—Bambusa Thouarsii, the bamboo (greatly reduced). 
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are placed in different spikes on the same stem. Each flower stands 
in the axil of a bract, which is called a glume or pale, two of these 

Mo 
Fic. 465.—-Creeping rhizome of Carex (greatly reduced). 

pales usuaily occurring in each flower ; and then the inner one is either 

adherent to the rachis, or, as in Carex, is transformed into a sheathing 

bag or ztrecle enclosing the flower. The 

genera with hermaphrodite flowers are 

either entirely destitute of a perianth, as 

Cyperus (Fig. 466) and Cladium, or it is. 

composed of bristles, either few in number, 

as in Scerpus.and Rhynchospora, or in large 

numbers, and in that case forming a tuft of 

hairs closely resembling cotton-wool spring- 

ing from the inflorescence, as in the cotton- 

grass, Lrzphorum. In Carex the male 

flower consists of three stamens, the female 

flower of a tubular envelope, the utricle, 

surrounding the free ovary, which is gene- 

rally unilocular and one-seeded, but with 

three stigmas (Fig. 467).. The fruit is a 

caryopsis ; the small embryo is surrounded 

Fic. 466.—Flower of Cyperus 
longus with the parts sepa 
rated (magnified). 

by the floury endosperm. The rhizome of many Cyperacez is rich in 
starch and gelatine ; and that of Cyperus esculentus is used as an article 
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of food in the South of Europe; several species of Carex are offi- ai J 

cinal. Papyrus antiguorum, the papyrus of Egypt and Sicily, was the ee 

first material used as paper. [Principal genera :—Papyrus, Cyperus, 

Eleocharis, Eriophorum, Scirpus, Isolepis, Schenus, Cladium, Rhyncho- 

spora, Carex.] 

lea ik 

Fic. 467.—I. Male flower, II. female flower of Carex (magnified). : 

DIVISION II. Flowers petaloid. Ovary inferior (with a few ex- 
ceptions). Pevianth usually distinct, in two rows, and coloured. 

[Cohort II. AMoMALES. Albumen (perisperm) floury ; embryo 

distinct ; flower usually hermaphrodite and very irregular; perianth 

of five or six segments ; stamens six, one or five with anthers, the rest 

petaloid, or all with anthers in Bromeliacez ; ovary usually trilocular ; 

fruit a berry or capsule. Tropical plants with large stalked leaves with 

broad lamina, the lateral veins at right angles to the mid-rib. ‘The 
cohort comprises the orders Cannacee (Canna, Maranta) ; Zingiberacee 

(Zingiber, Amomum, Alpinia); Musacee (Musa, Strelitzia); Bromeliacee 

(Bromelia, Tillandsia). , 
Cohort III. ORCHIDALES. Endosperm absent or cellular; embryo | 

very obscure; flower hermaphrodite and very irregular; perianth of 

six, rarely three, segments ; stamens one, two, or three, confluent with 

the style (gynandrous) ; fruit a capsule. 2 
Order 1. ORCHIDEA:; Stamens one or two, confluent with the 

style and stigma; ovary unilocular, rarely trilocular; seeds very 
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minute.] Our native orchids have a tuberous root (Figs. 119, 120, 

p- 81), and an annual herbaceous stem. The tropical species, on the 
contrary, have often a perennial, and some of them a climbing stem, or > 

peculiar aérial pseudo-bulbs. The amplexicaul or sheathing leaves 

are always entire, usually lanceolate, fleshy or succulent, rarely scale- 

like. The flowers are rarely solitary, usually in spikes, racemes, or 

panicles; and the superior perianth consists of two whorls, each of three 
leaves. Of these the inner whorl is always irregular, and often has a 

spurred lip or Zadel/um, the remaining five leaves of the perianth forming 

together the ga/ea or helmet. The stamens are united with the style 
into a fleshy column or gyzostegizm, upon which the anthers are so 
placed as to stand above the stigma, which is but little developed, and 

consists usually of a large viscid surface. Of the six stamens which are 

probably originally present, only one, less often two, attain perfect de- 

velopment. When only one is thus developed, it is always opposite the 

-labellum ; but when two, then one is on each side of the gynostegium. 

Only a few Orchids have the pollen-grains perfectly distinct ; usually 

they are united together in fours, and these again into granular masses ; 
or the grains are combined by a viscid fluid into a club-shaped mass or 

pollinium within each anther-lobe (Fig. 468, v.). The two pollinia 

terminate at their lower end in a pedicel consisting of the dried-up 

viscid substance, connected together by a viscid gland or vostellum as in 

the bee-orchis, or distinct as in Orvchis Morio. Sometimes the rostelltim 

is concealed in a fold of the stigma. The fruit is a capsule, usually 

dehiscing longitudinally. The numerous very small exalbuminous seeds 

are usually covered with a reticulated testa, and do not contain any 

trace of a cotyledon: In the tubers are mucilage and starch ; Orchis 

Morio, mascula, mulitaris, and other species, yield salep, The fruits of 

some species are rich in aromatic substances ; the officinal vanilla is 

obtained from Vanilla aromatica, planifolia, and perhaps ‘some other 
species from tropical America. [Principal genera :—Dendrobium, Mas- 

devalha, Malaxis, Bolbophyllum, Cattleya, Epidendrum, Odontoglossum, 

Maxillaria, Vanda, Saccoiabium, Stanhopea, Oncidium, Lycaste, Angre- 

cum, Catasetum, Orchis, Serapias, Aceras, Satyrium, Ophrys,. Platan- 

thera, Gymnadenia, Habenaria, Limodorum, Corysanthes, Vanilla, 
Listera, Neottia, Epipactis, Spiranthes, Cypripedium. | 

[Cohort IV. NARcISSALES, Flowers hermaphrodite, regular or ir- 

regular ; perianth usually petaloid ; stamens three or six, inserted on 
the perianth-tube : ovary trilocular; seeds with copious fleshy or horny 

endosperm, and a distinct embryo ; leaves parallel-veined. Principal 
orders :—/ridee (Gladiolus, [ris, Crocus, Tigridia) ; Amaryllidee ( Ga- 

lanthus, Narcissus, Crinum, Pancratium, Amaryllis, Leucojum, Agave). 
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‘Cohort V. DioscoraLEs. Flowers dicecious, reguiar; perianth herba- 

ceous ; stamens six, inserted at the base of the perianth-segments ; 

ovary trilocular ; fruit a berry or capsule ; seeds with copious fleshy 

endosperm, and a distinct included embryo. Climbing herbs or smal] 

shrubs, with netted-veined leaves. Order Dioscoreacee (Dioscorea, Tamus, 

Testudinaria). 

Division III. Flowers petaloid. Ovary superior. 

Cohort VI. POTAMALES. Ovary apocarpous (rarely reduced to one 
carpel); flowers hermaphrodite or unisexual ; perianth of three, four, 

or six segments, or absent ; stamens one to six ; seeds exalbuminous ; 

embryo conspicuous. Usually water-plants. Principal orders :— 

Butomacee (Butomus); Alismacee (Alisma, Sagittaria) ; LPotamee 

(Potamogeton); Natadee (Zostera, Natas). 

Cohort VII. PALMALES. Ovary syncarpous (rarely apocarpous); 

flowers unisexual, arranged ona simple or branched spadix, enclosed 

in a spathe or not ; perianth of distinct bi-seriate coriaceous segments, 

green, rarely coloured or absent; fruit a one- rarely two-seeded drupe 

or berry; seed albuminous. Shrubs or trees with flabellate or pinnately 

divided, rarely simple leaves. 3 

Order 1. PALM. Flowers usually diclinous ona branched spadix; 

perianth green ; stamens usually six, hypogynous or perigynous ; ovary 

tri- rarely uni-locular, or of three separate carpels ; styles short, free or 

connate; loculi with one, rarely two, ovules; seed large ; embryo 

minute, sunk in a pit of the fleshy or horny endosperm. ‘Trees or 

shrubs.] Although the Palms appear to belong to the more highly 
developed Monocotyledons from their stately arborescent stems and their 

large leaves, the insignificance of their flowers reminds 

one of the lower families, and the habit of many 

species even of the Grasses; while the structure of the 

flower and inflorescence allies them to the Arales 

(Figs. 469, 470, 471). The stem is usually simple, 

rarely dichotomously branched, as in the doom-palm, 

generally erect, sometimes climbing, as in the rattan, 

and commonly bears a crown of leaves only at its 
summit. The leaves, often called fronds,, are Fic. 469. — Flower 
fan-shaped in the fan-palms, pinnate in the feather- ee Pre 

palms, rarely undivided. The flowers are placed on Chamerops hi. 
a simple or branched rachis, which is surrounded in 7 
vernation by a common envelope or sfathe ; they are originally perfect, 

but almost always become, in the course of development, diclinous or 

polygamous from the abortion of stamens or pistils, The six perianth- 
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leaves are in two whorls. The stamens, three, six, or more in number, 

are adherent to the perianth-segments. The superior ovary is either uni-. 

Fic. 470.—Livistonia australis, a fan-palm (greatly reduced). Be 

locular, consisting of three united carpels, or trilocular and apocarpous. - ‘ 

Each of the three loculi contains a single ovule, which is generally erect . 
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and orthotropous ; but two of the ovules usually disappear before matur- 

ing into seeds. The fruit is a one- or three-seeded drupe or berry, the 

ZZ 
ZF y if, Yi) 

Afi 

Fis. 471.—Seaforthia elegans, a feather-palm (greatly reduced), 

seed consisting of a minute embryo buried in a very large oily or 

horny endosperm, which is at first milky, afterwards solid, and often 

AA 
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hollow. The embryo lies in a hollow in the periphery of the endo-_ 

sperm (see Fig. 305, p. 148), and is covered by a thin layer of the 
latter like a lid. There are about three hundred species of palms, 

nearly all tropical. The only native European species is the dwarf- 

palm, Chamerops humilis (Fig. 469), which is found as far as 45° north 

latitude. The uses of palms are innumerable. ‘The inhabitants of - 

entire territories live on the fruits of some kinds, as the date-palm, 

Phenix dactylifera, in India, Arabia, Persia, and Egypt, and the cocoa- 

nut palm, Cocos nucifera, in all tropical countries. The stems of some 

species, as Sagus Rumphii, Corypha umbraculifera, and Borassus 

Jlabelliformis, contain a starch known in commerce as sago. The leaf- 

buds of Areca oleracea, Cocos nucifera, &c., are eaten as vegetables ; 

and the sap which flows from the punctured leaf-buds and stems is 

fermented, and yields palm-wine. Avenga saccharifera from the 
Moluccas, and Cocos nucifera, yield palm-sugar; Copfernica cerifera 

palm-wax ; and the oily endosperm of many palm-seeds, especially of 

the West African Zlaets guineensis, is used in the production of palm- 

oil. The endosperm of species of Phytelephas is known in commerce 

under the name ‘vegetable ivory.’ Palm-bast is obtained from many 

kinds ; that of the leaf-sheath of Attalea funtfera of Brazil bears the 

special name ‘piassava.’ The young pinnate leaves of many palms 

are manufactured into textile fabrics, hats (Carludovica palmata fur- — 

nishes the Panama-hats), and mats; and the stems are made int 

canes. [Principal genera :—Chamedorea, Aveca, Arenga, Oreodoxa, 

Ceroxylon, Caryota, Calamus, Sagus, Borassus, Copernicia, Rhapts, 

Chamerops, Sabal, Phenix, Cocos, Flaeis, fubea, Livestonia. 

Cohort VIII. ARALES, Ovary syncarpous ; flowers hermaphrodite 

or unisexual, arranged in a spadix or spike, with or without a spathe, 

or sunk in pits of a minute scale-like frond; perianth of distinct pieces, 

white or green, or of minute scales, or absent ; fruit a drupe or berry 

with one, few, or many small albuminous seeds. Herbs, often very 

large, rarely trees; leaves simple or pinnatifid, very rarely pinnately 

divided, sometimes netted-veined. 8 

Order 1, AROIDE&. Flowers hermaphrodite or diclinous, in cylin- 

dric or oblong spadices, enclosed in a green, white, or coloured spathe ; 

perianth absent, or of from four to eight scales ; stamens few or many, 
anthers sessile or on very short filaments, extrorse or opening by pores 3 

ovaries aggregated in from one to four loculi; styles distinct or absent; : 

ovules one or more, basal or parietal ; berry one- or more-seeded ; seeds _ ' 
minute ; endosperm fleshy or floury or absent. Herbs, stemless or with 

erect or scandent stems; leaves usually large, simple or pinnatifid, 
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usually netted-veined. Principal genera :—Acorus, Orontsum, Anthu- 

rium, Pothos, Calla, Richardia, Colocasia, Caladium, Arum. 

To this cohort belong also Pandanacee, and several other less im- 

portant orders. 

Cohort IX. LILIALES. Ovary syncarpous; flowers hermaphrodite, 

very rarely unisexual, solitary or in spikes, racemes, or panicles, 

rarely capitate ; perianth of six (very rarely four) nearly similar pieces, 
or gamopetalous and six-lobed, regular (rarely irregular), usually all 

coloured and petaloid (sometimes coriaceous or subglumaceous); embrye 

immersed in a copious endosperm (not external to nor in a lateral cavity). 

Order 1. LILIACEZ. Stamens six, hypogynous or perigynous 4 

anthers usually introrse ; ovary tri-locular, ovules usually many in 

each loculus ; style entire ; fruit a capsule ; seed glabrous, with a 
membranous or crustaceous testa ; endosperm fleshy. Stemless herbs 
or shrubs with a simple or branched trunk; root fascicled or.stem 

bulbous. Principal genera:— Zulita, Vucca, Fritillaria, Lilium, Gagea, 

Agapanthus, Phormium, Llemerocallas, Aloe, Scilla, Allium, Hyacinthus, 

Orinthogalum, funkia, Asphodelus.| Among useful and medicinal — 

species are the Aloe socotrina, the Scilla or squill, the vanious species of 

Allium which yield the onion, leek, garlick, &c., the Asparagus offict- 

nalis, and Phormium tenax or New Zealand flax. 

[Mr. Bentham, in a paper read before the Linnean Society, but not 

yet published, arranges the monocotyledonous orders in four series, 

viz.:—1I. EPIGYN%. Flowers witha double, usually petaloid, perianth ; 

ovary usually inferior, syncarpous. 2. CORONARIE&. Flowers with 

a double, usually petaloid, perianth; ovary superior, almost always 

syncarpous. 3. NUDIFLOR#. Flowers usually achlamydeous, or with 

a dry scarious perianth ; ovary mostly apocarpous. 4. GLUMALES. 

Perianth replaced by membranous scales (pales or lodicules); ovary 

always uniovular. ‘The orders are arranged thus in the four series :— 

5 “pecial Morphology aud Classification. 

I. EPIGYNA. 

Hydrocharidex. 

Scitamineze (including Musacez, 

Orchidez. [ &c.). 
Burmanniacee. 

Iridez. 

Amaryllidez (including Hzmo- 

Taccacez. [doraceze. ) 
Dioscorideze. 

Bromeiiacez (?). 

II. CORONARIE. 

Roxburghiaceze. 
Liliaceee (including Smilacee, 

Melanthacez, &c.). 
Pontederiacez. 

Philydraceee. 

Xyridez, 

Commelynacez. 

Juncez. 

Palme. 

AA2 
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III. NUDIFLORA. _ IV. GLUMALES. 

Pandanez. Eriocaulez. 
Aroidez. ~~. Centrolepidese. 
Typhaceze. Restiaceze. 
Lemnaceze. Cyperaceze. 

Naiades (including Juncaginez). Graminez. 
Alismaceze (?). ED. ] 

Cuass XIV. Daucotyledones. 

Dicotyledons are distinguished from Monocotyledons 
by the embryo having two cotyledons, by the structure of 

the stem, and by the prevalent number of parts in the floral 
whorls being [4 or] 5. 

The stem.consists, as a rule, of four parts, aronee dif- 

ferentiated from one another,—Epidermis, Cortex, Fibro- 
vascular Bundles, and Fundamental Tissue. 

A well-developed epidermis provided with stomata and 
often with subsidiary organs, entirely covers the younger 
parts. Earlier or later, often even in the first year, it 1s 
thrown off by the formation beneath it of a corky tissue, that 
part of the plant then losing its green colour. 

The cortical tissue is very commonly separated into two 
portions, an outer and an inner cortex. At an early period 
in its development bast-fibres, bast-vessels, and laticiferous 

vessels are generally distributed through it, in addition to 
the parenchymatous tissue which is always present; the 

vessels containing, according to circumstances, chlorophyll, 

' starch, crystals, tannin, latex, oil, resin, &c. In the course 
of its growth the cortex undergoes peculiar changes, with 
which we are not yet thoroughly acquainted, especially 
in the case of perennial plants. It is at first greatly 
stretched from within by the tissue formed beneath it, and 
finally split. The crevices and wounds thus formed are ; : 

partly filled up by the new cells of the bast-portion of the . | 
vascular bundles and those of the intermediate tissue, Part 
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covered up by the cork-tissue. The cortex very commonly 
exhibits also crevices and furrcws on the outside, and is often 

partially thrown oft in the form of dark. The portions of the 

cortex which are fresh formed every year are collectively dis- 
tinguished as secondary cortex, in contradistinction to the layer 

of primary cortex already formed in the ‘ punctum vegeta- 

tionis.”. No new elements are formed in the primary cortex ; 
while the secondary consists of the bast-portion of the vas- 
cular bundles and of intermediate tissue. 

With the exception of a few abnormal cases, the fibro- 

vascular bundles cither lie, as in Monocotyledons, isolated in 
the fundamental tissue (Fig. 472 A), or constitute a. hollow 
cylinder traversed by narrower intermediate striations, the 
medullary rays (Fig. 95, u. p. 68). They are developed in 

the neighbourhood of the ‘punctum vegetationis,’ either 
out of isolated cambium-bundles, or out of separate parts 

of a closed cambium- or thickening-ring (Fig. 472, B; see — 
also p. 64). There is thus formed on the inner side of each 
vascular bundle a xy/em-fortion, on the outer side a das¢- or 

phloéim-portion, these two parts remaining separated from 

one another by the thin-walled formative tissue. The mode 
of the further development of the vascular bundles has not 

yet been fully determined ; because it is scarcely possible to 
observe the first formation of the cambium-bundle in the 
‘punctum vegetationis,’ or in seedlings, the investigation of 

which could alone give the clue. It is therefore not yet 
accurately known whether the leaves are penetrated by 
ramifications of the vascular bundles of the stem, or whether 

they form bundles of their own which unite with the cauline 
bundles (those of the stem). The latter view seems to be 
supported by the fact that in a large number of cases fully 

developed bundles arise first at the apex of the leaf, their 
further development advancing thence downwards towards 
the base. It is, nevertheless, not improbable, from the 
regularity of their growth, that this latter development: of 
the vascular bundles follows those cambium-strings which 
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branched off from the stem together with the leaves at the . | 

time when the latter first began to be formed. The circum-— 
stance that branches of the vascular bundles which pass from 

the stem into the leaves—the so-called leaf-traces—do not | 

bend into the leaf immediately that they branch off, but 
often remain as a separate bundle running through a con- 

siderable length of the stem, causes the appearance of the 
vascular-bundle-system to be often very complicated, es- 

pecially when several leaf-traces which have branched off 
from different cauline bundles enter the same leaf. 

In Fig. 473 we have a diagrammatic representation, after Nageli; 

of the course of the vascular bundle through twenty-two internodes of 
22 the apex of the stem of /deris 

x | + erecta 231 | amara. Each of the leaves 
2 ean, | | has a vascular bundle, the 
; ; 

3) 

6 

leaf - traces of which are 

drawn as far as the points 

of attachment of the leaves. 

The internodes are separated 

by the horizontal lines. Each 

leaf-trace appears, therefore, 

when seen in transverse sec- 

tion, to run as a separate 

bundle through ten or eleven 

internodes, and invariably 

unites with the bundle from 
the fifth leaf below; thus the 

fifth with the tenth, the tenth 

with the fifteenth, &c. If 

transverse sections are made 

through the internodes, the 
number of vascular bundles 

which will be found exposed 

Fic. 473.—Diagrammatic representation of the on each section is 1ndicated _ 
che ca ae bundles in /berzs amara by the number given on the’. 

left-hand side of the figure. 

In the leaf-trace of the twenty-second leaf are found fully developed 

vessels, the probable subsequent course of which is indicated by the 
dotted line. | 

The course of the vascular bundles is not, however, always 
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so simple as in these cases ; for although the bundles of most 
Dicotyledons run in a vertical direction, they nevertheless 
occasionally unite, and form combinations which are often 
rendered yet more complicated by new separations. In the 
Labiate, Umbelliferee, Balsamineze, and many other her- 

baceous plants with jointed stems, the vascular bundles are 
arranged in a circle, and all run in a parallel direction 
through the internode. In the node, however, they branch, 
and are here united with the vascular bundles of the leaves, 

as we have seen to be the case with Grasses (see p. 341). 
The vascular bundles always become closer as they 

descend in the stem, the separate bundles approaching 
nearer and nearer to one another through increase in their 

thickness, often coalescing into a ring which is interrupted 
only by narrow medullary rays (Fig. 95, 11. p. 68). The 
development of the vascular-cells or vessels then always 

begins on the inside of the cambium-bundles, and advances 
thence outwardly with centrifugal growth, so as to render 
possible a smaller or larger development of pith. 

It will be seen from this description that there is no dif- 
ference between the mode of growth of annual and perennial 
Dicotyledons, when young plants of the latter are examined, 
or shoots still in their first year of growth. After this, growth 
ceases in annual plants; while in those that are perennial 
further changes, which will be afterwards referred to, take 
place in the spring, when vegetation wakes from its winter-rest. 

With reference to the composition of the vascular 

bundles, a distinction must be drawn between herbaceous 

and woody plants. In herbaceous plants they are separated 
by layers of an intermediate tissue of more or less con- - 
siderable thickness, so. that they either lie isolated in the 
tissue of the stem, or form a ring which is only inter- 
rupted by narrower intervals of intermediate tissue (Fig. 
472). This intermediate tissue, a part of the fundamental 
tissue, 1s often composed of cells which are narrower and 

otherwise of different form from those of the pith and cortex, _ 
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and it then constitutes the medullary rays. The vascular 
bundles grow for some time by means of the cambium which > 
lies between their xylem- and bast-portion. The xylem- 
portion consists of elongated wood-cells, which sometimes 
resemble an elongated parenchymatous, sometimes a fusiform — 

prosenchymatous tissue, and in addition of vessels and a 
thin-walled parenchyma that is but little or not at all ligni- 
fied ; while the bast-portion contains on its outer side a 
bundle or crescent} of bast-fibres, which sometimes consist 
of true prosenchymatous, sometimes of elongated paren- 
chymatous cells. In contact with it on the inside are thin- 

- walled sieve-tubes and elongated parenchymatous cells. In 

many plants bast-cells are also formed next the pith on the 
axial side of the vascular bundle; in others laticiferous 
vessels also occur, usually in the bast “portion of the vascular 

bundle, but also in the cortex. , 
The vascular bundles of woody dicotyledonete plants 

have, at the end of their first year of growth, the structure 

already described, but are already «distinguished by the 
regularity of their bast-bundles, as wellas by possessing ves- 

sels dispersed through the xylem. The stems of many tropical 

trees in which the growth is never subject to intermission, 
as the cocoa and coffee-bushes, remain in this condition, 
and only gradually increase in diameter by the formation of 

portions of the vascular bundles exactly resembling those 

already 1n existence. But in those tropical trees and shrubs 
which cast their leaves periodically and have closed buds, like 
the bread-fruit tree, the activity of the thickening-ring is 
renewed afresh on the recurrence of the active period of 
vegetation, as in our deciduous trees ; and fresh medullary 
rays and new xylem- and bast-portions: of the vascular 

bundles are formed in exact continuation of the similar parts 
already in existence. This process 1s repeated every year, 
a new layer of cells being annually separated on each side of 
the thickening-ring, which may even be recognisec at a later 
period as a sharply defined annual ring (Fig. 95, Il. p. 68). 
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There may be several reasons for this sharp definition of the separate 

annual rings. It is possible that the cells formed in the spring, those 

of the spring-wood, are larger than those of the autumn-wood (see Fig. 

479, p. 373); or their walls. may be thinner, or the cells otherwise of 

a different kind; and the abundance and size of the vessels in the spring- 

-wood must also be taken into account. The structure of the root cor- 

responds to that of the stem in the presence or absence of annual rings. 

The separate annual rings are not always of a uniform thickness, but 

are often more: strongly developed on. one side than on the other. 
From these facts it is possible to form an idea of the life of the tree 
during each year of its growth. Its age is estimated from the number 

of these rings ; from their breadth it is known what years were favour- 

able, and what unfavourable to its growth ; and some knowledge can 

even be attained respecting the growth of the roots, since the growth of 
any side of the stem is known to correspond nearly to the development 

of the roots that branch out on that side. 

Sometimes even in the earliest, but always in the later years, 
the vascular bundles become penetrated in a fanlike manner 
by new parenchymatous cells formed inside themand arranged 
in bands, the secondary medullary rays. Those cambium- 

cells which were at one time called cells of the medullary 

rays, always produce only the same kind of cells; so that the 
secondary medullary rays, when seen in transverse section, 

always reach to the thickening-ring ;' but they never get as 
far asthe pith. The breadth of these rays varies in different 
plants ; in some species they are one cell, in others several 
cells wide; broad and narrow bands sometimes alternate with 

one another ; but they never penetrate through the whole 

length of the plant, as can be easily seen on tangential sec- 
tions (Fig. 474). Both the primary and secondary medullary 
rays are generally easily recognised by the naked eye, and 
form the pattern on the wood. ordinarily known as the 
‘silver grain.’ They consist of parenchymatous cells usually 

elongated in the radial direction (see Figs. 474, 475). 

Both the xylem- and the bast-portion of the vascular 

bundles of the stem of Dicotyledons consist—with the 
exception of the fundamental tissue of the medullary 

rays—of elements which may be arranged into three 
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groups :—prosenchyma, parenchyma, and _ vessels. The 

prosenchymatous cells of the xylem—which are also called ’ 
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Fic. 474.—langential section through the wood of the maple; G vessels ; H/ wood- 
bres ; s ‘silver-grain’ (x 200). e 

qwood-cells, wood-fibres, simple bast-like wood-fibres, of 
libriform fibres—are always fusiform, comparatively strongly = 
thickened and lignified, unbranched, and, asarule, furnished 
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_ with extremely small bordered pits (Fig. 14, p. 13). Even | 
when the latter are larger, they differ in size and form from 

those of the vessels which occur along with them. The 

FiG. 473. — Transverse section through the wood of the oak; H/’ thin-walled, 
Hf” strongly thickened wood-fitres; Hf parenchyma of the xylem; s fibres 
of the ‘silver-grain’; G” small vessels; adjoining G’ is a very large vessel, 
the size of which is only slightly indicated by the curved border-line. 

wood-cells of the inner spring-wood are, as a rule, much less 

strongly thickened than those of the outer autumn-wood 
(Fig. 479, p. 373). There is nowhere found in the wood-cells 
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any strongly developed spiral thickening, nor usually even 
the spiral striation already mentioned (p. 16). Inthe winter, 

especially when vegetation is dormant, they usually contain 
starch. It is comparatively rare for the wood-cells to 

become septated, when their thickening-layers are nearly 
completely formed, by one, still more rare by several parti- 
tion-walls, into daughter-cells, which are then enclosed by the 
thick-walled wood-cells, and are termed septated wood-cells. 

They rarely possess pits ; and, when present, they are cleft- 
shaped, and placed obliquely in a spiral running to the left. 

In the winter they usually contain a small quantity of starch. 
The parenchymatous cells of the xylem, which are scarcely 

ever wanting in woody Dicotyledons, are distinguished from 
the other elements of the vascular bundles by their walls 
being less strongly thickened; by their having pits which 
are always closed and never bordered, and by the absence 

of any spiral thickening. They may be formed in three 
different ways :—-by direct growth from a cambium-cell, or as 

a daughter-cell either in a cambium- or in a young prosen- 
chymatous cell. In the first case they are isolated ; in the 

two latter cases they are still enclosed within the walls 

of their parent-cells. These cells also usually contain starch 
in winter. : 

The vessels of the xylem have usually bordered pite. 

In the early condition of the vascular bundles, annular, 
spiral, and reticulated vessels are found only near the pith, 
in the medullary sheath ; the younger parts, on the con- 

trary, contain nothing but pitted vessels. ‘The partition- 

_ walls of the separate vascular cells are either horizontal or 

oblique, and scalariform or penetrated by pits, ze by a 
round orifice. A scalariform perforation has at present only 
been observed in pitted and reticulated, but not in spiral or 
annular vessels. When the walls of the vessels are not 
spirally thickened, the pits are most numerous on the side 

where the vessel borders other vessels or thin-walled wood- 

~ cells. At these spots the borders of the pits are also the 
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largest, and the pits themselves always open; in other , 

cases they are always closed. When the walls of the vessels 
are also thickened spirally, as is the case in the so-called 
tracheides (Fig. 35, p. 20), this thickening sometimes dis- 
appears at those parts of the vessels which adjoin the xylem- 
parenchyma or medullary rays; but remains, the pits 
diminishing greatly in number or altogether disappearing, 
when the tracheides are surrounded by strongly thickened 

wood-cells. As regards the size or diameter of the vessels, 
those of the first annual ring are narrower than the succeed- 
ing ones ; and this is especially the case in the large vessels 

of the spring-wood. In the oak, for example, the vessels do 

not attain their full size before the sixth and succeeding 
rings. The vessels become lignified at an early period, and 

are then filled with air; it is only when young that they 

contain sap. When, in a few cases, substances of the nature 
of gum, resin, or latex occur in them, asin the cherry, these 

have passed over into them from adjoining elements of the 
tissue, but have not been formed in them. 

The whole of the elements of the xylem need not be 

present. With regard to their relative position, the separate 
elements are arranged in rows or groups, or irregularly 

without any definite arrangement ; but even then they are 

distributed in such a characteristic manner that anyone with. 
experience can determine from a small fragment of wood 
the genus, or not unfrequently even the species, from which 

it was taken (Fig. 475). The inner portion of the wood, the 

cells of which have become firmer and stronger from their 
walls having undergone lignification for a longer period, is 
called the duramen, in contradistinction to the alburnum, 

or younger layers, the walls of which are less thickened and 
lignified, and which still contain sap. When a very irre- 
gular or twisted course of the separate elements of the wood 
is caused by branches, or buds, or any similar cause, a very 

peculiar appearance is imparted to those spots, and they are 
termed nots. | 
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The prosenchymatous cells of the bast, which are also 

called bast-tubes, bast-fibres, or bast-cells, are asa rule fusiform — 

and unbranched. Septated bast-cells, similar to the sep- ci 

: tated wood-cells (p. 366), — 
are less common than the 

latter, but occur an eseie 

grape-vine and _ cactus. 
When young the bast-cells © 

contain a protoplasmic sap, 
at a later period usually 
air. In the Asclepiadeze 
and Apocynacee they con- 

tain a peculiar greenish sap 
related to the latex of other 

' plants. _ The bast-paren- 
chyma agrees almost en- 

tirely in its development 
and structure with the 
xylem. The vessels of the 

bast are sieve-tubes or lati- 

ciferous vessels. 

The presence or ab- 

sence, and the arrangement, 

of the separate elements in 

the cortex, are so~charac- 

teristic of most stems that 

they can be determined 
from these’ chatacters ia 

general idea may be ob- 

BiG fat «hart of f tanwverse section tained (by a itansv=nseaaae 
tuca scariola; Bf bast fibres; Bd bast tion through a bast-bundle 
parenchyma; mM” outer, m’ inner laticifer- 
ous vessels; Rf cortical parenchyma; HJ’ Of the wild lettuce (Fig. 
wood-fibres (x 400). 

an 476). | 
In woody Dicotyledons the pith {and the parts of the _ 

cortex which do not belong to the vascular bundles are very pe 

inconsiderable in comparison with these latter. The pith of 
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the stem only increases for a short time, and then only by 
the incréase in size of the separate cells, and occupies there- 
fore but a small space in comparison with the wood and the 
fundamental tissue of the medullary rays. It consists of a 
parenchymatous tissue, in which other elements, as latici- 
ferous vessels, are sometimes, though rarely, enclosed. 

. Deviations are not unfrequent from the normal structure and course 

of the vascular bundles here described. In many water-plants, such as 

Hiippuris, Myriophyllum, Ceratophyllum, and Trapa, a sheathis formed 

which limits the increase in diameter of these plants. (Fig. 94, p. 66.) 

The roots of Dicotyledons always possess, when young, 
a thin-walled epidermis, which soon becomes replaced, like 

that of the stem, by cork-tissue. The cortex of the root 
is also very similar to that of the stem, consisting of the 
same elements; and its cells contain the same substances 

within them. It is very usual for a vascular bundle-sheath © 

to separate the axial bundle from the cortex. While, as has _ 
already been mentioned (p. 362), the vascular bundles of 
the stem have a centrifugal growth, the development of 

those of the root is in many plants centripetal ; z.¢., the 
first vessels are formed on the outside of the formative 
tissue, and their further development and legnification ad- 
vance from the centre towards the axis (Fig. 477, 1.). The 

development of the pith is by this means so much checked 
that it is always less developed in the root than in the stem ; 
and in many roots it has entirely disappeared when their 

vascular bundles have attained their full development. As 

soon as the vascular bundles have met in the axis of the 
root, their development progresses outwardly, the new 
vessels, the bast-bundles, pressing themselves towards the 

periphery (Fig. 477, 11.). A growth of this nature is found 
especially in herbaceous plants, ¢.g. Czcuwfa, and in those in 
which the stem has isolated vascular bundles. The root of 
other, especially of woody Dicotyledons, shows a similar 

structure to that of the stem. The cell-cavities, both 

of the xylem- and bast-cells, are however considerably 
BB 
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a. larger in the root than in the stem ; this being the cause of __ 

rie the smaller specific gravity, and the less value as fuel, of the 
root as compared with the stem. The annual rings are also 
often much narrower. ‘The essential peculiarity of the root 

is the possession of a voot-cap (see p. 72). Meee: 
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Fic. 477 .—Transverse section through a young root of Razenculus acris; G group 
of vessels just formed; B-young bast-bundle ; s vascular bundle-sheath ; Rk cor- 
tical parenchyma ; m pith (x 200). : ae 

; The leaves of Dicotyledons present no essential differ- — 
ence from those of Monocotyledons [except in the arrange- _ 
ment of the vascular bundles or veins]. ” Sa 
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_. The structure of the wood of Dicotyledons agrees in its 
main features with that of Gymnosperms (see p. 333), a class 

of a generally lower type of organisation. ‘The main dis- 
tinction lies in the structure of the individual vascular 
bundles. In Gymnosperms there are in general no true 

II. 

Fic. 477 I1.—Transverse_ section through an older root of Ranunculus aces: G 
vessels formed centripetally ; Gc’ young vessels formed centrifugally ; BB bast- 
bundles ; s vascular bundle-sheath (x 200). | 

vessels; rows of vascular cells, which occur only in the medul- 
lary sheath, taking their place, and even then manifesting 
only a spiral or reticulate thickening (Fig. 478). The small 
exotic order of Gnetaceze furnishes an exception, the whole 
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_ possessing as a rule large pits on the side that faces the ey 
medullary rays. The characteristic position of the pits, — 
which in the cells of the stem are usually arranged inone, in. 
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e) 

wn 

Fic. 478.—Longitudinal section through the medullary sheath of the spruce-fir ; a-e ao 
spiral vessels or vascular cells ; 7 transitional forms into the ordinary wood- 
fibres; # normal wood-fibre ; 7 cells of the pith (x 400). NG 

those of the root often in several rows, as well as that of the ~ 
resin-passages, which are especially abundant in Coniferze, — 
form an excellent diagnosis to distinguish the different kinds — 
of wood (Fig. 479). The structure of the swollen ster 
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‘the Cycadece is similar, the large pith containing a quantity 

of starch (known as sago), and surrounded by a com- 

1 

) tise 

Fic. 479.—Transverse section through the wood of the Scotch fir with moderately | 
large annual ring ; x x boundary of the annual ring; s silver-grain (x 200). 

paratively slightly developed wood. Gum-passages replace 
in them the resin-passages of the Coniferee. 
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-bilocular ; stigmas one or two; ovule solitary, micropyle always ,_ 

aa or scales; ovary uni- or bi-locular; seed without 

374° °s sos: and Physiological Botany. 
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[Dicotyledons are subdivideds as nee iets — 
i 

Perianth consisting of only a single whorl of leaves, or entirely 

absent, or occastonally of a double whorl of sepatlotd leaves. 

SUBDIVISION I. Ovary superior ; perianth usually distinct. 

Cohort I. CHENOPODIALES. Flowers usually hermaphrodite; peri- 

anth green or coloured, usually regular, sometimes in two whorls, tube 

short or absent, segments imbricate in bud ; ovary of one, rarely several 
carpels ; ovules solitary, rarely two or more, basal ; embryo usually | 

coiled or curved. Herbs or shrubs. This cohort includes the orders — 

Phytolaccacee (Phytolacca) ; Polygonacee (Eriogonum, Polygonum, Fago- 

pyrum, Rheum, Rumex); Amaranthacee (Amaranthus, Celosta) ; 

Chenopodiacee (Beta, Chenopodium, Atriplex, Spinacta, Salicornia, 

Salsola); and Nyctaginee (Mirabilis, Businvillea). } 

Cohort II. LAURALES. Flowers usually unisexual ; perianth green 

-or coloured, usually regular ; ovary unilocular ; stigma one ; ovule 

solitary; embryo straight, with or without endosperm. Mostly aromatic 

trees or shrubs; almost entirely tropical. Orders :—Monimiacee 
(onemia, Laurelia); Myristicacee (Myristica) ; Lauracee (Cinna- 

monum, Persea, Sassafras, Laurus, Cassytha, Canephora, Neca” va) 
Oreodaphne). io 

Cohort III. DAPHNALES. Flowers usually hermaphrodite ; peri- | 

anth green or coloured, regular or irregular, oftem tubular ; ovary uni- 

locular, rarely bilocular ; stigma one; ovule usually solitary, pendu- 

lous or suberect ; embryo straight, with no or very little endosperm. 

Trees or shrubs, mostly tropical or southern. Principal orders:— 
Thymeleacee (Daphne, Pimelea); Eleagnacee (Hippophaé, Eleagnus); —~ 

Proteacee (Leucodendron, Grevillea, Banksia, Protea, Vakea). ‘el 

Cohort IV. URTICALES. Flowers diclinous, or less often polyga- 1 

mous or hermaphrodite ; perianth green, usually regular, rarely absent; 
stamens opposite the perianth-lobes or sepals ; ovary unilocular, rarely 

superior ; fruit usually an achene or samara ; embryo straight, with or — 

without endosperm. Principal orders :— Urtscacee (Urtica, Behmeria, . 

farietaria); Moracee (Artocerpus, Ficus, Dorstenia, Morus, ee” i 

Cannabrnee (Cannabis, HLumulus); Ulmacee (Ulmus). tp itd sua 
Cohort V. AMENTALES. Flowers dichinous, in catkins, cones, or. ‘ie 

heads; perianth absent or sepaloid, or of one or more bristles, bracts, 

sperm. Trees or shrubs, with alternate, simple, usually stipulate 1 
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Orider > BETULACEA! (Fig. 480. ) ‘iveds or shrubs, with alter- 

nate simple leaves, and free deciduous stipules. Flowers moncecious, 

both male and female arranged in catkins, and subtended by scale-like 

bracts. Male flowers in threes in the axil of 

a bract, and formed of a two- or four-cleft perianth, 

in front of the teeth of which the stamens are placed ; 
female flowers also in twos or threes in the axil of 

a bract, but consisting simply of a free ovary with 

‘two loculi, in each of which is a pendulous ovule ; 

fruit usually a samara, and seeds exalbuminous. 

The two genera of this order, Getwla the birch, 

and Alnus the alder, furnish useful woods. From 

the bark of the birch is obtained the birch-oil used 

in the manufacture of Russia-leather, and impart- 

- ing to it its peculiar odour. 
Order 2. SALICACE. (Fig. 481). Trees or 

shrubs, with simple alternate leaves and deciduous 

stipules. Flowers dicecious, and both male and py. 480.—Bract of 
female always in catkins ; instead of perianth, each the birch, Betula, 

: oh oe with three samare 
kind has a few small scales or a glandular or cup- _in its axis, 

shaped fleshy disc. The male flowers consist, in 
addition, of from two to twenty-four free or monadelphous stamens; 
and the female of a free bicarpellary pistil, standing in the axil of 
a scale, and having generally two stigmas. The unilocular ovary con- 

tains a number of pendulous ovules attached to two parietal placente ; 
and the fruit is a two-valved capsule ; the seeds without endosperm, | 
but furnished: with a tuft of hairs. The two genera of which this order — 
is composed, Sa/’x the willow, and Populus the poplar, are divided 
into a large number of species, varieties, and hybrids, distributed over 

the whole globe. The nearer they approach the poles, the smaller are 
they in stature ; and the arctic willow, Sal¢x polaris, is only an inch in © 

height. Some species, as S, purpurea and ritbva, unfold their catkins 
before their leaves; among the best-known species are S. dabylonica 

the weeping willow, S. witellina the osier, S. a/éa the white willow, 

Populus tremula the aspen, P. nigra the black poplar, P. pyramidalis 
the Lombardy poplar, P. alba the white poplar, and P. dalsamifera 

the American balsam poplar. The wooed of some species is valuable 
on account of its toughness and elasticity, and is used for basket-work 
and other purposes. The bark of others, as S. pentendra and 

fragilis, is officinal, affording the substance known as salicine. 

* [The orders Betulacese ‘and Salicacer, together with Cupuliferse 
and Corylaceze from the cohort Quernales, constitute the Amentacese of 
the syllabus of the University of London.—ED. ] 
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uni- or multi-locular capsule ; seeds solitary or numerous. | | eae 

To this pohort alate also the al biden Platanacee (Platanus) es Ee Be: E 
Myricacee (Myrica); and Casuarinacee (Casuarina). BAe 0h 

_ [Cohort VI. EUPHORBIALES. Flowers hermaphrodite or ‘iclinionee ah mA 

perianth green, coloured or absent ; ovary bi- or multi-locular ; ovale | eh 

L Tit ae 7 nad 

Fic. 481.—Sallow, Salix Caprea; I. male catkin (natural size); II. “male ihe 3 
(magnified) ; IIT. female catkin (natural size) ; IV. female flower (magnified) : Ve tae 
transverse section of ovary; VI, fruit; VII. ripe seed (magnified). . 

one or many in each loculus, pendulous, anatropous ; fruit usually ag 

Order 1. EUPHORBIACE. (Figs. 482, 483.) Trees, shrubs, or “he 

herbs, containing a watery, often acrid, more rarely tasteless tat F " 

The stem of some species is fleshy, resembling that of the cactus, and © ‘ 

is then leafless, or the leaves are replaced by small scales, spines, or 
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hairs. Flowers solitary or collected into an inflorescence, and herma- 

phrodite, moncecious, or dicecious. The tropical species especially are 

so polymorphic, and yet so nearly related, that their classification is at- 

‘tended with extreme difficulty. The genera of northern Europe agree 

in never having a double perianth separable into calyx and corolla ; in 

the styles and stigmas being distinct ; in the fruit being a three-valved - 

Fic. 482.--Euphorbia Lathyris ; 1. part of a plant (natural size) ; II. inflorescence ; 
III. male flower (magnified). 

capsule, the valves separating elastically from a central axis; and inthe 
seed being straight, the embryo lying in the centre of a fleshy and oily 
endosperm, [Among the more important genera of this very large order, 
which is divided into a number of suborders, are Phyllanthus, Antz- 

gyt<:” € : 
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Dima rats, Hippomane, Chaeebherat Mercur ins Acalypha, Cale. mre 
bogyne, Ricinus, Manihot, Yatropha, Euphorbia, Siphonia.| A largé, 
number of species possess a poisonous latex, which is especially danger- rest vo 

ous in some tropical kinds, as Hippomane Mancinella of tropical America. | 
On the other hand the dried latex of Zuphorbia officinarum and of some 

other African species, is used in medicine under 

the name euphorbium ; and of late years also the 
oil-glands and hairs of the East Indian Lotdlera 3 

tinctorta, known as camala, and previously used => 
only asa dye. Other officinal preparations are 

cascarilla, the bark of Croton Lluteria; castor- 

er oil, derived from the seeds of Azcznus com- 

pg ee munts, and croton-oil from those of Cvoton 

fruit of Mercurialis Tyelinm, Shell-lac is obtained from the East- 
per ennts (magnined). o) ; ae 

Indian Croton lacciferum ; caoutchouc or india- 

rubber from the dried latex of S¢phonia elastica and brasiliensis from 

Brazil and Guiana. The starchy rhizome of Manihot utilissima, culti- 
vated in many tropical countries and especially in America. affords, 

after the removal of the acrid latex, tapioca, from which cassava-bread 
is made. The castor-oil plant is cultivated for the beauty of its foliage. 

[To this cohort belong also Buxacee (Buxus), and several other un- 

important orders. 

Cohort VII. PIPERALES. Flowers hermaphrodite or diclinous, 

usually in spikes or catkins; perianth rudimentary or absent ; ovary 

unilocular with a single ovule, or of several free carpels with two or 

more ovules. Orders :—Piperacee (Piper, Cubeba, Peperomia) ; Chior. 

anthacee (Chloranthus). 

SUBDIVISION Il. Ovary inferior ; perianth more or less distinct in either 
male or Semale Mowers, or both. 

Cohort VIIT. Asarares, Flowers hermaphrodite or aichwanes 
perlanth usually coloured ; stamens epigynous in the henmenbaedie | 

flowers ; ovary uni- or multi-locular ; fruit a capsule or berry. Orders:— 
_ Aristolochiacee (Asarum, Aristolochia) ; Rafflesiacee (Rafflesia, Hydnora, 

Cytinis). 

Cohort IX. QUERNALES, Flowers diclinous; the male flowers in 
catkins, the female solitary or in spikes; perianth green, that of the 

male flower lobed or redueed te a scale, of the female flower minute, — 
2-6-lobed or toothed; ovary 1-6-locular; ovule solitary basal, or 
one or more pendulous ; fruit one-seeded ; seed without endosperm er 

Trees with simple or compound leaves]. rc ea 

Order 1, CUPULIFER, Trees or shrubs with simple alternate re 
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leaves, déciduous stipules, and moncecious flowers. Male flowers ar- 
ranged in catkins, with a 4- or 5-cleft perianth or none at all, and 

five to ten stamens attached to the perianth or bracts; female flowers — 
solitary, or in clusters or spikes, their perianth superior, with a toothed 
often almost obsolete margin ; ovary with from two to six stigmas, and 
the same number of loculi; in each loculus one or two pendulous ovules ° 
with two integuments. Fruit indehiscent, and, by abortion, usually 

unilocular and one-seeded, and surrounded at its base by a cup-shaped — 

envelope, the cule, as in the oak, or entirely enclosed within it, as — 

in the beech. This cupule proceeds from an inferior disc (Fig. 303, 

p- 147), and not from a leaf of the perianth, as in the Corylacez. The 

seed is without endosperm, and has a large embryo with thick fleshy 
cotyledons. The fruit of the Spanish or sweet chestnut, Castanea vesca, 

is edible. The two British oaks Quercus sessiliflora (Robur) and pedun- 

culata, and Q. Cerris and infectoria from Asia Minor and Turkey, are 

valuable for their wood, and the latter especially for its galls, from which 

tannin is obtained. Almost the whole of the cork of commerce is the 

produce of Q. suber from Spain, South Italy, and northern Africa. The © 
wood of Q. ¢emctoria of North America is used as a yellow dye. The — 
beech, Fagus sylvatica, is valuable for its wood and the oil of its seeds. | 

Order 2, CORYLACEH, (Figs. 484, 485.) This order is so closely — 

allied on the onehand to the Cupuliferze, on the other hand to the Betula- 

ceze, that we may trace a gradual transition 

between the three. From the Cupuliferze 

it is distinguisned by the presence of a 
spurious foliar cupule, and by the ovules 

having only a single integument ; from the 
Betulaceze by the cupule, the superior 

though usually rudimentary perianth of 

the female flowers, the absence of a peri- 

anth to the male flowers, and by each_ 

anther-lobe bearing a_ tuft ‘of hairs 

(see Fig. 268, p. 137). The best-known 

representatives of the order are the 
hornbeam, Carfinus Betulus,  valu- 

able for its timber, and the hazel or 

filbert, Corylus Avellana, for its fruit and Fic. 484,—Fruit ofthe hornbeam, - 
wood. Carpinus Betulus, with its 

1 three-lobed perianth (natural [To this cohort belongs also the order _ size). 
Fuslandee (Fuglans, Carya). : 

Cohort X, SANTALALES. Flowers hermaphrodite or diclinous ; peri- 

anth usually conspicuous, coloured, polymorphic, and valvyate ; ovary 

ot e “ %, é ” . > / AY, iw 
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if ae -— uni- or Srnial locular, "lotr with one or many gil ovules usually “ ona 
i Py. Fe, ~ reduced to a naked nucleus : > fruit a one- -seeded berry or drupe. Para- . 2 \ 

ae sitic herbs or shrubs. Orders :—Zoranthacee (Loranthus, Viscum, Porat 

‘ . Mysodendron); Santalacee (Thestum, Santalum) ; Balanophoracee (Cy- aie 

-~ . nomorium, Balanophora, Langsdorffia). | 

Brat IV.\ 

Fic. 485.—The hazel, Corylus Avellana: I. branch with male and female flowers 
(natural size) ; Il. male flower ; III. female inflorescence; IV. female flower 
(magnified); V. fruit with laciniated spurious cupule (natural size). 

Division II. GAMOPETALA. —Flowers furnished with both calyx 

ae and corolla, the latter gamopetalous. ae 

pe 1 SUBDIVISION I. Ovary superior (rarely inferior). 

SECTION I. lowers very irresular (rarely regular). 

Cohort I. PERSONALES. Corolla gamopetalous, hypogynous, often  — 
_ pilabiate ; stamens fewer than the corolla-lobes, rarely as many,,Un- 

equal, usually four and didynamous, rarely two; ovary I-2- rarely 
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4-locular ; style simple; stigmas one or two; ovules usually very 
numerous ; fruit usually a capsule. Herbs, rarely shrubs or trees, with © 

exstipulate leaves. | : | 

a) 

ia 
I ug 

 \ \) Sy Fic. 487.—Floral diagram 
Y \ + it Sp of Veronica (Scrophu- 
- iG Th lariacez). 
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Fic. 486.—Antirrhinum majus Fic. 488.—Flower of fox- 
(natural size). glove, Diertalis purpurea 

natural size). 

Order 1. SCROPHULARIACEH. (Figs. 486-488). Mostly herbaceous 
plants, with alternate, opposite, or verticillate exstipulate leaves. Calyx 

and corolla bilabiate, rarely nearly regular, and 4- or 5-cleft ; stamens 
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usually four and didynamous, less often two, as in Veronica ; ovary 

superior, and generally surrounded by a disc, syncarpous and bilocular, 

divided by the dissepiment. Fruit capsular, rarely baccate ; seeds 

with endosperm and straight embryo (see Figs. 249 and 297, pp. 130, 

144). [The genera are very numerous, and include Sadlpiglossis, 

Schizanthus, Calceolaria, Linaria, Antirrhinum, Maurandia, Lophosper- 

mum, Paulownia, Scrophularia, Penstemon, Mimulus, Gratiola, Digitalis, 

Veronica, Bartsia, Luphrasia, Melampyrum, Rhinanthus, Pedicularis, 

Verbascum.| ‘The most important medicinal species is the foxglove, 

Digitalis purpurea ; the leaves of Gratiola officinalis are also officinal. 

A large number of genera are cultivated in gardens for the beauty. of | 

their flowers. Many species are root-parasites. . 

[To this cohort belong also the orders U¢riculariacee (Utricularia, 
Pinguicula); Orobanchacee (Orobanche, Lathrea); Gesneracee (Gesnera, 

Gloxinia, Achimenes, Colummnea, Cyrtandra); Bignoniacee (Bignonia, 

Catalpa, Tecoma, Eccremocarpus ); Acanthacee (Ruellia, Goldfussia, 

Acanthus, Fusticia, Adhatoda); Sesamacee (Sesamum, Craniolaria, 

Martynia, Pedaliumy). | 

- with a large number of anatropous ovules, attached to an axile placenta — 

Cohort I]. LAMIALEs. Perianth usually bilabiate, rarely nearly or 
quite regular, hypogynous ; stamens fewer than the corolla-lobes, rarely 
as many, unequal, usually four and didynamous, rarely two ; ovary 2+4- ~ 

locular ; style simple ; stigmas one or two; ‘ovules solitary in each 

loculus, very rarely two or more; fruit an indehiscent drupe, or com- 

posed of two or four nucules. Herbs, shrubs, or trees, with exstipulate 

leaves. | 

Order 1. LABIATA. (Figs. 489-492.) Herbaceous or suffruticose 

plants, usually with square stem and opposite (decussate) or verticillate 

exstipulate leaves. The flowers are arranged in compact cymes (verdi- 

cillasters) in the axils of the leaves ; and the separate inflorescences are 

often so crowded as to give to the whole the appearance of a compound 

spike. The tubular, usually bilabiate, calyx is persistent ; the corolla usu- 

ally ringent and bilabiate, rarely regular ; in the former case the upper 

lip consists of two, the lower lip of three teeth (petals); the structure of 

the bilabiate calyx being the reverse. Stamens rarely two, usually four, — 

of two unequal lengths (didyzamous) ; but the anthers are not always 

. perfectly developed, sometimes consisting of one lobe only, the other — 

lobe being barren, as in Salvia (Fig. 269, p. 1338), The mode of de-— 

hiscence of the anthers also varies ; in Galeopsis it is transverse. The 
style is gynobasic, or rises from the base of the deeply four-lobed ovary, 
which is placed on an inferior disc ; each division of the ovary contains _ 

only a single ovule, with its micropyle directed downwards. Fruit 

ey 
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Fic 489.—Lamiune album; J. part of plant (natural 
size}; II. longitudinal section of flower (magnified ; 
ILI. floral diagram (see also Figs. 230, 248, 273, pp. 125, 
130, 139). 

Fic. 490.—Ajuca reptans; I. flower; Fic. 491.—Stamen Fic. 492. — Nearly. 
II pistil (magnified). of Prunella regular flower of — 

(magnified). peppermint, J7Z¢z- 
tha pipertta (magnified), 
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-enclosed in the base of Be calyx, and consisting of four Sane ae 

— Capsicum annuum of the West Indies or Cayenne pepper, Vicotiana 

Physalis Alkekengt the winter cherry, &c. 

containing a single seed. [Among the numerous genera of this large 
and important order are Coleus, Lavandula, Mentha, Origanum, ri a 

Thymus, Calamintha, Melissa, Nepeta, Prunella, Scutellaria, Melittis, 

Marrubium, Stachys, Lamium, Ballota, Phlomis, Galeopsis, T cucrium, 

Ajuga, Salvia.| The plants belonging to it abound in volatile oils con- 
tained in special glands, and a large number are consequently officinal; 

as Mentha piperita peppermint, AZ. crispa curled mint, Lavandula 

angustifolia lavender, Thymus serpyllum and vulgaris the wild and 

garden thymes, Rosmarinus officinalis rosemary, Ocymum basilicum 

basil thyme, Oviganum Majorana and vulgare marjoram, &c. 

Salvia officinalis is valuable on account of the large quantity of tannin 

contained in it; Plectranthus graveolens of the Mascarene Islands is | 
the source of patchouli. 

[The only other important order of the cohort is Verbenacee, which 
includes the genera Verbena, Lantana, Tectona, Clerodendron, Vitex, 

| Avicennia. 
. 

SECTION II. Flowers usually regular. 

Cohort III. POLEMONIALES. Corolla gamopetalous, hypogynous, 

regular or oblique ; stamens as many as the corolla-lobes, epipetalous, 

equal or unequal, often exserted ; ovary 1-5-locular, syncarpous me 

(rarely apocarpous); seeds very numerous, or only one to two in each ~ 

loculus. Herbs, rarely shrubs or trees, with exstipulate, alternate or 

geminate, rarely opposite, leaves. | 

. Order 1. SOLANACE&. (Figs. 493-497.) Herbaceous or suffruti- 
cose plants with alternate, in the upper part geminate, leaves, one of 

each pair being always smaller than the other. Calyx usually 5- 
partite and persistent; corolla regular, deciduous, folded in the 
bud, and 4- or 5-partite ; stamens equal in number to the corolla- 

lobes; ovary usually bilocular, or almost 4-locular by false septa, 

rarely 3- or 5-locular. The numerous seeds have an abundant 

| fleshy endosperm ; fruit a capsule or berry. [Among the more im- 

-portant genera are WVicotzana, Petunia, Datura, Hyoscyamus, Nicandra, 

Lycopersicum, Lycium, Physalis, Atropa, Capsicum, Mandrag sora, 

Solanum, Nolana | ‘The useful and officinal plants belonging to it are 
numerous, including the potato Solanum tuberosum, S. dulcamara 

the bitter-sweet, Lycofersicum esculentum of the East Indies the tomato, - 

Tabacum tobacco, Atrofa Belladonna the deadly nightshade, = si va 

Alyoscyamus niger the henbane, Datura Stramonium the thorn- -apple, a ae 
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This cohort includes also the following orders :—Hydrophyllacee 

(Hydrophvllum, Nemophila, Eutoca); Polemoniacee (Phlox, Collomia, 

_ Gillia, Polemonium, Cobea); Convolvulacee (Quamoclit, Batatas, Pharobitts, 

Tpomea, Convolvulus, Evolvulus, Porana, Cuscuta); and Borraginea 

(Heliotropium, Cerinthe, Echium, Borrago, Symphytum, Anchusa. 

Lycopsis, Lithospermum, Pulmonaria, Myosotis, Cynoglossum, Onphea- 

lodes). 

Fic. 493.—Flower of tobacco, Fic. 494.—F lower of thorn-apple, Datura 
Nicotiana Tabacum (natural | Stramoniune (natural size). See Fig. 
size). 310, p. 150. 

Cohort LV. GENTIANALES. Corolla gamopetalous or rarely nearly 

apopetalous, hypogynous , stamens same in number as corolla-lobes or 

Cc-€ 
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Fic. 496.—Henbane, Hyoscyamus niger; \. part of plant ; II. capsule surrounded. 2 
by the accrescent calyx; III. capsule (pyxis) (natural size), on gm 
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fewer, epipetalous and usually included in corolla-tube ;. ovary usually 

_ syncarpous and bilocular. Herbs, shrubs, or trees, almost always with 
opposite or verticillate exstipulate leaves. Orders:— Oleacee (Fasminum, 

Olea, Ligustrum, Phillyrea, Fraxinus, Syringa, Forsythia); Apocynacee 

(Allamanda, Tabernemontana, Vinca, Apocynum, Nerium) ; Asclepiadew 

(Vincetoxicum, Cynanchum, Asclepias, Stephanotis, Hoya, Stapelia); 

Loganiacee (Logania, Spigelia, Strychnos); Gentianacee (Lrythrea, 

Chlora, Gentiana, Villarsia, Menyanthes, Limnanthemum). 

Fic. 497.—I. Flower of Socanume Dulcamara (magnified) ; II. Floral diagram 
potato (Solanaceae). : 

Cohort V. EBENALES. Corolla gamopetalous or apopetalous, 

hypogynous or epigynous, rarely perigynous; stamens usually many 

more than thecorolla-lobes, or if equal in number usually alternate with 

them; ovary 2- or multi-locular; ovules usually few; fruit rarely 

capsular. Shrubs or trees, with alternate exstipulate leaves. Principal 
orders :—Lbenacee (Diospyros); Stvracee (Symplocos, Styrax, Flalesia). 

Cohort VI. PRIMULALES. Corolla regular, hypogynous, rarely 

epigynous ; gamopetalous, rarely apopetalous; stamens equal in number 

to corolla-lobes and opposite to them, or if more numerous one series 

always opposite, hypogynous or epipetalous; ovary unilocular, with 

free central placentation. Herbs or shrubs, rarely trees, wtth exstipulate 

usually alternate leaves. Orders :—/Plumébaginee (Plumbago, Armeria, 

Statice); Primulacee (Androsace, Soldanella, Cyclamen, Lysimachia, 

Primula, Anagallis, Hottonia, Samolus); Myrsinacee (Myrsine, Ar- 
disia, Theophrasta). | ities 

Cohort VII. ERICALES. Corolla hypogynous or rarely epigynous, 
gamopetalous or rarely apopetalous ; stamens as many or twice as many 

as corolla-lobes, hypogynous or epipetalous; ovary uni- or multi-locular; 

ovules one or many ; stigma simple, entire or lobed; seeds minute. 

Herbs, shrubs, or trees, often with heath-like leaves, or sometimes 

parasitic. Orders :—Lrecacee (Arbutus, Gualtheria, Andromeda, Evia, 

Calluna, Rhodora, Phyllodoce, Ledum, Kalmia, Azalea, Rhododendron, 

Ge2 
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Pyrola, Clethra); Monotropacee (Monotropa, Lathrea) ; Vacciniacea ( Woes oe 

cinium, Oxycoccos); Epacridee (Epacris); Pyrolacee (Pyrola). . My 

SUB-DIVISION Il. Lfrgynous; ovary inferior. 

Cohort VIIT. CAMPANALEs. Flowers usually irregular, rarely uni- 

sexual or collected into involucrate capitula ; stamens as many as corolla- 
lobes or fewer; ovary 2-6- 
rarely uni-locular ; style simple ; 

stigma often enveloped in a 
sheath : ovules numerous, rarely 

solitary. Herbs or rarely shrubs, 

with exstipulate leaves and often | 

a milky juice. Principal order : 

Campanulacee (Phyteuma, Fast- 

one, Specularia, Campanula, 

Clintonia, Lobelia). . 

Cohort IX.  “ASTERATES, 

Flowers regular or irregular, 
often unisexual and collected into 

involucrate capitula; stamens 

as many as_ corolla-lobes, 
rarely fewer, epipetalous ; ovary 

uni-locular, ovule solitary, for 

rarely 2-3-locular, all buss 

one then barren). Herbs or 

Fic. 498.—Dandelion, Taraxacum officinale ; I. entire plant (natural size); Il. re- 
F ceptacle with fruits (magnified). 2 Be 

shrubs, rarely trees, with exstipulate leaves ; calyx-limb usually re- ‘ 3 

duced to a pappus, or absent. (Figs. 498-503-)] rhe ha 
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Fic. 499.— Senecio gee ; I. inflorescence (natural size); II. ligulate flower ; 
II. tubular flower (magnified). 

Fic. s00.—Longitudinal section through the capitulum o 
Onorpordon acanthium (natural size). 

lar flower of sun- 
flower, Heliax- 
thus annuus, 
with inferior 
ovary (magni-~ 
fied). 
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Order 1. COMPOSITA&. This order is not only one of the ee . 

but one of the best characterised and most natural in the vegetable 
kingdom. It numbers about twelve thousand species distributed over 

the whole surface of the globe. The species are herbaceous, rarely 

shrubby, and often (Ligulifloree) containing a 
milky latex ; the leaves are exstipulate and usually 

alternate. The flowers are hermaphrodite, male, 
female, or neuter (containing neither stamens nor 

pistil). They are placed on a common broadly © 

expanded receptacle, and are crowded into a ~ 

capitulum, and surrounded by a general involucre 

of densely crowded bracts. The individual flowers 

are usually situated in the axils of small bracts, 

which are called jalee, and the receptacle is then 

said to be paleaceous ; when they are absent it is 

maked. Rarely each flower has a special invo- 

lucel. YVhe calyx consists of an epigynous tube, 
the free margin of which developes after the 

withering of the flower, sometimes remaining 

membranous and entire, but usually transformed 

into bristles, hairs, scales, or a silky pappus (see 

p- 127). . The corolla is always gamopetalous, 
| and is usually 5- but sometimes 4- or 3- 

Fic. so02.— Pistil of cleft, is either ‘ular and regular, or bzabiate, 

ae (mag- having in the latter case two divisions in the upper 
and three in the lower lip, or “gulate. The five. 

stamens are attached to the corolla-tube and are » 
alternate with its teeth ; their filaments are free, 

but their anthers coherent into a tube (symgene- 

stous), always furnished at the apex with one, 

sometimes at the base with two appendages. The 

ovary is inferior and unilocular, and contain a 
| single straight pendulous ovule. - The style is 

ae oe divided in the upper part, and is usually furnished 
Intybus,’ with co- with collecting hairs which act like a brush in col- 
Ee ded). pepe" lecting the pollen. The fruit is an achene con- 

taining a single seed without endosperm. The  — 

flowers (florets) of the central part of the capitulum, are often of a — "a 

different structure and colour from those of the margin; and the two ~ 

kinds are hence often called florets of the disc and florets of the hee ie 
[The order is divided into three suborders, as follows :— ae, 

1. Ligulifore. - Flowers all hermaphrodite and he ; yes with ch 
. ag 
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 filiform-branches, pubescent ; stigmatic bands separate, and not half as 

long as the branches of the style. Herbs with alternate leaves and a 
milky latex :—Catananche, Cichorium, Picris, Crepis, Hieracium, [Hy- 

pocheris, Leontodon, Taraxacum, Lactuca, Sonchus, Tragopogcn, 

Scorzonera, Scolymus. 

2. Labiatijiore. Corolla of the hermaphrodite flowers usually 

bilabiate ; of the male and female flowers ligulate or bilabiate :— 

MMutisia. 7 

3. Tubulifiore. Flowers sometimes all tubular, regular and her- 

maphrodite, rarely irregular and neuter, sometimes those of the disc 

tubular, of the ray ligulate, the former hermaphrodite, the latter female 

or neuter :—Vernonia, Eupatorium, Mikania, Solidago, Bellis, Aster, 

Evigeron, Conyza, Filago, Guaphalium, Helichrysum, /nula, Pulicaria, 

Siuphium, Xanthium, Zinnia, Rudbeckia, Helianthus, Coreopsis, 

Dahlia, Bidens, Achillea, Anthemis, Chrysanthemum, Matricaria, 

Tanacetum, Artemisia, Tussilago, Fetasites, Arnica, Doronicum, Cine- 

raria, Senecio, Calendula, Echinops, Carlina, Carduus, Cnicus, Ono- 

pordon, Cynara, Centaurea, Carthamus. | 

- Since the Compositze abound in latex, bitter principles, and volatile. 

oils, a large number of species are officinal, while others are of technical 

or economical value. Among the most important are the following :— 
the flowers of Arica montana ; chamomile flowers from MMatricaria 

Chamomilla and Anthems nobilis ; wormwood from Artemzsta chinensis 

and Adbsinthium ; coltsfoot from Zusstlago Farfara ; the leaves of Cnzcas 

- benedictus ; the roots of Lappa tomentosa, officinalis, and minor, and 

Anacyclus officinarum ; elecampane from Jnula Helenium ; taraxacum 

from Taraxacum officinale; absinthe from Artemista Absinthium ; 

the ethereal oil of the tansy, Zanacetum vulgare; the dried latex of | 

Lactuca virosa and sativa. Mikania Guaco of Central America is a 

remedy against snake-bites ; the crushed flower-buds of Pyrethrun¢ 
carneum from the Caucasus are used as an insecticide. Among culi- 

nary vegetables are the lettuce Lactuca sativa, endive Cichorium Endivia, 

tarragon Artemisia Dracunculus, chicory Cichorium Intybus, scorzonera 
Scorzonera hispanica, the Jerusalem artichoke Helianthus tuberosus, and 

the artichoke Cynara Scolymus. The seeds of the sunflower, He/- 

anthus annuus, yield a useful oil, as does the fruit of Afadia sativa ; 

safflower is obtained from the flower-heads of Carthamus tinctorius. 

‘Everlastings’ are the dried flower-heads of species of Melichrysium 

and Guaphalium, and G. leontopodium is the ‘ Edelweiss’ of the Alps. 

The common marigold is a species of Calendula. 
[To this cohort belong also Valerianacee (Valeriana, Centranthus, 

Fedia) ; and Dipsacacee (Dipsacus, Knautia, Scabiosa). 
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Cohort X. RUBIALES. Flowers regular or irregular ; stamens as” 
many as corolla-lobes, epipetalous ; ovary 2- or multi-locular ; ovules 

solitary or numerous ; seeds with or very rarely without endosperm. ~ 

Shrubs or trees rarely herbs, with opposite or verticillate often stipulate 7 
leaves ; calyx never pappose. ? 

Order 1, RUBIACEA. (Figs. 504, 505.) ‘Trees or shrubs, rarely 
herbs, with simple, entire, oppcsite leaves.] The stipules are in many 

Fic. 504.—Galium Aparine; I. part of plant (natural size); II. fower and fruit — | 
(magnified) ; III. longitudinal section through fruit (greatly magnified), oe 

genera so similar to the true leaves as to give the appearance ofa spu- 

. i 
alternate with them ; the ovary bilocular, the seeds solitary or rarely i. 

two in each loculus, or multilocular and the seeds several in each division. 
\ 
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_ The fruit is a drupe, berry, capsule, or achene, or is sometimes dehiscent ; | : 

the endosperm large and horny, as in the coffee-berry, or fleshy. [The 

order is a very large one, and is divided into a large number of tribes. 

SS w 
Ew LS > 

sah > ESeae 

Fic. 505.—Peruvian Bark, Cznchona condaminea (reduced). 

The suborders Stellate, Cinchonee, and Coffeee of some authors are distin- 
guished by the first having the leaves in apparent whorls from the inter- 
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cui stipules ; the second has opposite leaves and a ainlliloeaeenee 
ovary with numerous seeds ; the third opposite leaves and a bilocular 

two-seeded ovary. The Euopend species all belong to the Stellate, 

and are herbaceous. Among the more important genera of the order 

are the following :—Uncaria, Nauclea, Cinchona, Cascarilla, Conda- 

minea, Mussenda, Gardenia, [xora, Coffea, Cephaélis, Spermacoce, 

Rubia, Galium, Asperula.| It includes plants of very great medi-— 

cinal and economical value. Peruvian bark and quinine are obtained 

_ from: various species of Czzchona, all natives of central'and western 

South America ; the best kind is the product of C. Calsaya of Bolivia ; 
others of C. glandulifera of Peru, C. condaminea of northern Peru and 
southern Ecuador, and C. succirubra of Chimborazo. It is cultivated 

with success in Java and India. Coffea arabica, the source of coffee, 

grows in Arabia and the East and West Indies. Ipecacuanha is the 

_ root of Cephatls Ipecacuanha of Brazil. Catechu is the product of the 

East Indian Uxcaria Gumbir. . The important dye known as madder 
is obtained from the root of Rudbza tinctorum. 

[The only other order belonging to this cohort is Caprefoliacee (Ley- 

cesteria, Symphoricarpus, Linnea, Wegelia, Lonicera, Viburnum, 

Sambucus). . . : 

Division III. Calyciflore.—Sepals connate, rarely free, often adnate 

to the ovary ; petals distinct, in a single whorl, perigynous or epigy- 

nous; disc adnate to the base of the calyx, rarely tumid or raised nto 

a torus or gynophore; stamens perigynous or epigynous, usually in- 

serted tn or beneath the outer margin of the disc ; ovary frequently in- 

jerior. 

Cohort I. UMBELLALES.— Flowers usually hermaphrodite ; stamens 
usually definite; ovary inferior, I-, 2-, or multi-locular; ovules 

_ solitary, pendulous ; styles free or connate at the base ; ovules with the 
coats confluent with the nucleus ; seeds albuminous ; embryo usually — 

minute ; flowers generally in umbels. ] 

Order 1. UMBELLIFERA. (Figs.505-513.) Herbs, rarely shrubs, 

with round or furrowed jointed stem, and alternate usually compound = 

leaves sheathing at the base. The flowers are hermaphrodite [except 
occasionally the outermost in the umbel], and are arranged in simple or 

compound umbels, which in some genera are contracted into capitula by 

the shortening of the axis ; the inflorescence is usually surrounded byan Ba. 
involucre consisting of a single whorl of bracts ; when this includes the 

entire inflorescence it is called the general involucre ; when it includes 

only a secondary umbel, a partial involucre or zzvolucel. The calyx-tube A 
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a IS adherent to the ovary, but with a free five-toothed or entire margin 

[which is however sometimes almost obsolete]. The petals are five, dis-. 

tinct, entire, emarginate or two-lobed, the outer oncs often larger than 

Fic. 506.—l. Athusa Cynapium, fool's parsley (natural size) ; II. fruit (magnified) ; 
IIT. section of fruit. 

the inner, or raved ; adherent to the calyx and alternate with its teeth. 

The stamens are five, rolled up in vernation; the ovary usually bi-, rarely 
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Fic. 507.—Flower of fennel, Feniculum officinale, 1. Fic. 508.— Rayed flower of 
Cae eater entire ; II. in longitudinal section (magnified). Venus’s comb, Scandix pfec- ~ 

ten-Veneris (magnified). 

Fic. 509.—I. Fruit of fennel, Mazzcaulune officinale ; II. transverse section, ¢ endo- 
sperm, o vittze ; III. longitudinal section ; & embryo (magnified). 
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Fic. 510.— 1. Fruit of carrot, Fic. 5311.—I. Fruit of hemlock, Conzum maculatuna 
Daucus Carota (Orthospermz) ; (Campylospermz) ; II. transverse section ; part of the — 
II. transverse section; the four b : i embryo is seen in the centre of the endosperm(mag- 
secondary ridges are conspicu- nified). oa 
ous; of the primar C y ridges the two lateral ones are scarcely visible, the median (carina) and 

_ intermediate ones are spiny (magnified). 4 Sl ae a 
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uni-locular, and contains a single pendulous ovule in each loculus. Each 
of the two styles is expanded at its base into the dsc, which crowns the 
apex of the ovary and is termed the stylopode. ‘The fruit is a bipartite 

I. as 

Fic. 512.—I. Fruit of coriander, Corzandrum sativune (Coelosperme) ; II. transverse 
section (magnified). 

schizocarp or cremocarp, separating from below upwards, two halves 

(mericarps) separating from the columella or carpophore, the carpophore 

itself splitting from the apex halfway down or to the base (Fig. 509). 

lip | II. 

Fic. 513.—I. Leaf of 4thusa; II. leaf of parsley (nature-printed). 

The small embryo is enclosed in the apex of a large endosperm. The 
free and usually convex outer sides of the mericarps, which are attached 

to one another by their inner surfaces, are termed the back, and each 
. 

i= 
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mericarp has five more or less conspicuous longitudinal ridges or 
primary juga, the median of which is the carina ; the two outermost are 

the warginal or lateral ; those that lie between the zztermediate ridges. , 

Alternate with the primary are often four secondary ridges, which are 

not unfrequently more strongly developed than the primary ones, but - | 

are always at once recognised by their position, the central one or 

carina being always a primary ridge. The intervals which separate the — 

primary ridges are termed furrows; and beneath their surface are a 
number of slightly projecting canals or vztte containing a volatile oil, 

which are usually visible only on making a transverse section. The 
endosperm is on the ventral side, and is either flat, in the suborder 

Orthosperme, or less often channelled longitudinally by the incurv- - 

ing of the margins (Campylosperme) ; or hollowed out (Celosperme). 

| Among the very numerous genera belonging to this large and important 

order are AMydrocotvle, Eryngium, <Astrantia, Santcula, Conium, 

Smyrnium, Bupleurum, Apium, Cicuta, Amm2, Carum, Stum, Stson, 

LLeopodium, Limpinella, Conopodium, Myrrhis, Cherophyllum, 

Anthriscus, Seseli, Faentculum, Crithmum, Enanthe, Atthusa, Meum, 

Liousticum, Levisticum, Angelica, Archangelica, Ferula, Peucedanum, 

Leracleum, Opopanax, Coriandrum, Cuminum, Daucus, Petroselinum, — 

Pastinaca, Punium, Anethum.| The roots contain abundance of 
resin, and the fruits a volatile oil. Among culinary vegetables are the 

carrot Daucus Carota, chervil Anthiscus cerefolium, celery Afium gra- 

veolens, parsley Petroselinum sativum, parsnip Pastinaca sativa, fennel 

Laniculum officinale, xc. Among medicinal’ products are the caraway 

Carum Carui, coriander Cortandrum sativum, water-fennel Ginanthe 

Phedlandrium, dill Anethum graveolens, anise Pimpinella Anisum, 

pimpinella Pimpinella Saxifraga, archangel Archangelica officinalis, 

lovage Levisticum officinale, assafcetida Marthex Assafetida, ammoniacum — 

Dorema ammoniacum, and galbanum Galbanum officinale, the last 

_ three from Persia. The following are poisonous :—Hemlock Conium af 

maculatum, fool’s parsley “thusa Cynapium, dAropwort EZnanthe fistu- 

Josa, water-hemlock Cicuta virosa, and wild chervil Chere 

temulum. Be 

[To the same cohort belong Avaliacee (Aralia, Hedera, Panax);and 

Cornacee (Cornus, Benthamia, Aucubda). on ae 

Cohort II. FicoIpALes. Flowers regular or ieee so; ovary 

syncarpous, inferior half-inferior or superior ; unilocular with parietal 

placente, or 2- to multi-locular with basilar or axile placente ; seed 

-albuminous with curved embryo, or exalbuminous with oblique embrye. 

Succulent herbs. Orders :—Cactacee (Melocactus, Mamillaria, Echino- 
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cactus, Cereus, Phyllocactus, Epiphyllum, Rhipsalis, Opuntia); Licoidex 

(Aizdon, Telephium); Mesembryanthemacee (Mesembryanthemum). 

Cohort III. PASSIFLORALES. Flowers usually regular, hermaphro- 

dite or unisexual; ovary usually inferior, syncarpous, unilocular, with 

pariefal placentz, sometimes 3- or multi-locular by the produced 
placentz ; styles free or connate. Mostly twining or climbing herbs 

or shrubs, commonly furnished with tendrils. Principal orders :—/as- 

stfloracee (Matlesherbia, Passiflora, Tacsonia, Modecca, Carica); Cucur- 

bitacee (Luffa, Momordica, Cucumts, Citrullus, Cucurbita, Bryonia, 

- Elaterium, Sicyos, Gynostemma); Legoniacee (Begonia). 

Cohort IV. MyrtTates. Flowers regular or nearly so, usually 

hermaphrodite ; ovary syncarpous, usually inferior ; styles united, very 

rarely free ; placentze axile or apical, rarely basal. Trees, shrubs, or 
rarely herbs, with simple usually entire leaves. | 

Order 1. MYRTACE#. ‘Trees or shrubs, rarely herbs, usually with 

opposite exstipulate leaves, which appear “punctated by glands contain- 

ing a volatile oil ; flowers solitary in the axils of the leaves ; stamens 

numerous, with the filaments sometimes coherent into one or more 

bundles ; ovary inferior or half-inferior, uni- or multi-locular ; the fruit 

a berry or capsule, generally crowned with the calyx-limb. [Among the 

more striking genera of this large and important order, chiefly natives 

of tropical or subtropical countries, are Callistemon, Melaleuca, Metro- 

sideros, Calothamnus, Leptospermum, Lucalvptus, Psidium, Myrtus, 

Pimenta, Lugema, Caryophyllus, Barringtonia, Bertholetha, Lecythis, 

Napoleona.| The flower-buds of Caryophyllus aromaticus of the Moluccas | 

and Antilles are the cloves of commerce ; other officinal products of 

the order are cajeput-oil from A/elaleuca minor of the Moluccas, ‘and — 

kino, the dried sap of Zucalyptus resinifera of Australia; Augenia Pimenta 

of the West Indies is known as allspice. The wood of Mfetrosideros 

‘vera of Australia is the hard and valuable iron-wood. Several species 

of the Australian genus Hucalyptus or gum-tree, especially the Tasmanian 

£. globulus, are much cultivated for the rapidity of their growth and the 

anti-miasmatic properties of their leaves. The fruit of Pszdzam pyriferum 

is the guava of the West Indies; Brazil nuts are the seeds of Bertholettia 

excelsa of Brazil ; the fruits of Lecythis ollaria are known as ‘ monkey- 

pots.’ 

The other important orders of the cohort are Welastomacee (Aela- 

stoma); Lythracee (Lythrum, Lagerstremia); Onagracee (Epilobium, 

Fuchsia, Fussieua, Circea, Godetia, Clarkia, Enothera); Rhizophoracee 

(Rhizophora); Combretacee (Quisqualis, Combretum, Terminalis). 

Cohort V. RosaLes. Flowers usually hermaphrodite, regular or 

irregular ; carpels one or more, usually quite free in the bud, sometimes 
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variously united afterwards with the calyx-tube, or enclosed in the _ 
swollen top of the peduncle ; styles usually distinct or only one. | 

Order 1. LEGUMINOS&. Herbs, shrubs, or trees, with stipulate > 

leaves, usually alternate and compound. Calyx either imbricate or val- — 
vate in bud, 2-lipped, 5-cleft or 5-toothed, the odd section being 

below ; very rarely 4-cleft; petals equal in number to the calyx- 

teeth, seldom fewer ; stamens usually double as many, often much 

more numerous. The monocarpellary, unilocular, free, superior ovary 

‘develops into a legume or lomentum, bearing on its ventral suture the 
seeds, which have no or very little endosperm. 

This very large and important order is divided into three well-marked 
ea as follows :— 

. Papilionacee. (Figs. 514-516.) Herbs, shrubs, or trees of very 

Ok habit, usually with alternate and compound, pinnate or digitate 

leaves. The petiole has two stipules, and sometimes each pinna has also a - 

stipella ; the stipules are sometimes transformed into thorns [or tendrils]; 

and the petiole frequently ends in a tendril. The flowers are seldom 

solitary, usually collected into spikes, racemes, or umbels, but never in 

compound inflorescences. The calyx is gamosepalous, 5-toothed, and often 

2-lipped ; the corolla attached to its base, and irregular, 5-leaved, and 

papilionaceous. The two inferior petals are mostly more or less coherent 
and form the eel or carina (see Fig. 253, p. 152), the two lateral ones 

being the wes or ale, and the superior the standard or vexillum. Some- 
times all the petals are coherent into a tube [as in Z7ifolium]. The fila- 

ments of the ten stamens are either coherent into a tube (#onadelphous) 

surrounding the pistil, or nine of them form a tube open above, the tenth 

lying in front of the cleft (diadel/phous). ‘The ovary is superior, bearing the 
ovules on its ventral suture ; usually unilocular, but sometimes, as in 

Astragalus (Fig. 288, p. 142), almost bilocular from the folding in of the 

margin of the carpel. The fruit isa unilocular capsule (/egume), splitting 
into two valves by both dorsal and ventral suture; but sometimes nearly 

bilocular, like the ovary, or multilocular by the formation of masses of 

cellular tissue between the seeds ; and then it sometimes breaks up into 
sections by the contraction of the pericarp between the seeds, when it 

is termed a lomentum (Fig. 516, 11.); rarely indehiscent, as in the sainfoin. 

The seeds are usually exalbuminous, rarely with a small endosperm ; 
the embryo curved, with the radicle lying on the cleft of the cotyledons. 

[Among the more important genera are Baptista, Crotalaria, Lupinus, — 

Genista, Ulex, Cytisus, Ononis, Trigonella, Medicago, Melilotus, Trifolium, 

Anthyllis, Lotus, Psoralea, Indigofera, Wistaria, Robinia, Colutea, ah : 

_ Astragalus, Oxytropus, Glycyrrhiza, Ornithopus, Coronilla, Hippocrepis. Bort 

Pie deumn, Onobrychis, Adesmia, Arachis, Desmodium, Cicer, Vicia ee Peay 
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Lens, Lathyrus, Pisum, Kennedya, Butea, Phaseolus, Dolichos, Dalbergia, 

Pterocarpus, Sophora, Myroxylon, Swartzia.| The most valuable 

agricultural and culinary plants are the scarlet-runner and French bean, 
Phaseolus multiflorus and vulgaris ; the field and garden-pea, Pisum 

sativum; the vetch, Vicia sativa; the bean, Vicza aba ; the lentil, 

NNN 
LLM YY 

Fic. 514.—Sweet-pea, Lathyrus odoratus ; I. natural size ; II. floral diagram, 

Lrvum Lens; the chick-pea, Cicer aritinum; the lucerne, Medicago 

sativa ; the sainfoin, Oxobrychis sativa; the white lupin, Zzfinus albus; 
and the clovers, 7rzfolium pratense, repens, and zncarnatum. Among 

_ officinal products are the root of the rest-harrow, Oxonzs sfinosa, and 

DD 
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from several species of Cofadfera, natives of the West Indies and — 

Guiana; Ceratonia Siliqgua of the eastern Mediterranean is the carob ; 3 

the foliage and idieeecae of the melilot, Melilotus officinalis. Lite 
is obtained from the roots of Glycyrrhiza echinata and glabra’ from 

southern Europe ; several species of AZyroxylon of Peru and Colom- 
bia yield balsam of Peru; the boiled sap of the bark of Drepano- 
carpus senegalensis is roe as ‘kino africanum ;’ ithe gum-tragacanth is 

obtained from several species of Astragalus from Asia Minor; and _ 
indigo from the East Indian Judigofera tinctoria ; sandal-wood is the 
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Fic. 515.— Twisted legume of Fic. 516.—I. Legume of Genzsé#z; II. lomen- 
lucerne, Medicago sativa (mag- tum of Hedysarum (natural size). 
nified). 

timber of Pterocarpus santalinus from the East Indies, [The seeds of 
Arachis hypogea (earth-nuts) are eaten in. the West Indies ; Colutea 

arborescens is the bladder-senna. | 

2. Caesalpiniee. ‘This suborder is distinguished from the Papiliona- 

cez by the almost regular not papilionaceous corolla, which is, however, 

sometimes absent, by the straight embryo, and by the ten or fewer | 

stamens being all free (not coherent). They are always trees or shrubs. ~ ‘f 

{Important genera :—Cesalpinia, Hematoxylon, Gleditschia, Cassia, — J 

Ceratonia, Bauhinia, Cercis, Amherstia, TLamarindus, Hymenea, 4 

Copatfera.| This suborder is entirely extra-European, but yields a — 
considerable number of officinal or economical products. Tamarinds © u 

are the fruit of the East Indian Zumarindus indica; the leaves of 
Cassia lanceolata and elongata are senna ;. balsam of ‘copaiba comes 

and: Dipter yx odorata of Guiana the poisonous toni bean. OC ‘esaal- 
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red colouring principle ane, Sappan is the red sappan-wood of Eastern 
India, and Hematoxylon campechianum of Central America, logwood. 

3. MWimosee (Fig. 517). This suborder is also extra-European and 

chiefly Australian and East Indian. They are distinguished from the 

Fic. 517.—Sensitive-plant, A{imosa pudica (natural size) (see p. 202). 

Papilionaceze by the valvate zstivation of the calyx, and the regular, 

often gamopetalous, corolla. The stamens are sometimes very nu- 

merous, and either coherent or free. [The leaves are often replaced 

by phyllodes,) see p. 91). Principal genera :—Mimosa, Acacia. The 
_ suborder includes the sensitive plants A@mosa pudica and sensitiva 

DD2 
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(see p. 202), and the true Atlas] Gum elie is obtained from oa 
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Acacia Seyal, ee, and Lhrenbergiana, all natives of tropical Africa ;. ao 

‘terra japonica,’ or catechu, is the sap of Acacia Catechu OF Bengal 
and Coromandel. ‘~y 

Order 2. ROSACEA. The leaves are stipulate ; the calyx eaten and , 

usually gamosepalous and 5-partite, the odd section superior; the co~ 

rolla regular ; the petals distinct, attached to the margin of the calyx, 

and equal in number with itsteeth ; the stamens perigynous, usuallymany 

times the number of the petals, and bent inwards in vernation ; the ovary 

sometimes monocarpellary, but more often multicarpellary, the carpels » 

being either free or coherent with one another and with the calyx ; the 

fruit dry or succulent, a berry, drupe, or a number of achenes or follicles ; 
the seeds exalbuminous. This large and important order is again divided. 

into suborders :— 4 

Pome. (Figs. 518, 519). Trees or shrubs with alternate simple _ 

leaves furnished with free deciduous stipules. The flowers are regularand 

\ 

fee 
: “se, 

J N 

Ne" fp 

Fic. 518. — Longitudinal section Fic. 519.— Longitudinal section through an- 
through the flower of the pear apple ; c dry persistent calyx-limb ; E loculi 2, 
(magnified). with cartilaginous pericarp ; T mesocarp 

(reduced). * 

arranged in short terminal umbels, racemes, or cymes, often corymbose ; 

the calyx-limb is 5-cleft or 5-toothed, imbricate in zestivation, and re- ~~ 

maining dry and persistent on the fruit ; the stamens numerous, and, like © Sy 

the five petals, attached in a ring to the base of the calyx (Fig. 518) ; 

the ovary is as a rule 5-, more rarely 2- or 3-locular, each loculus — 

usually containing two ovules ; styles equal in number to the loculi. 
The fruit [or pseudocarp‘(see p. 147)] is succulent, a berry or pome, or ~ 

formed of a number of drupes, the pericarp being thin, cartilaginous, 

or stony. Principal genera :—/Pyrus, Cotoneaster, Crategus, Malus, 

Sorbus, pee Cydonia. | Among edible fruits are the Rohe, bi 
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medlar Mespidlus germanica, the hawthorn or whitethorn Crategus 

oxyacantha, and the mountain ash Sorbus aucuparia. 

2. Rosee (including Sanguisorbez, Dryadez, and Spirzeeze) (Figs. 

520-522). Herbs, shrubs, or trees, usually with pinnate or digitate 

leaves, ae with stipules adherent to the base of the petiole. In 

it 

4) NY - QE 
Spy 

pa a VE A | WI 

Sh Y 
772) 

Fic. ae officinalts ; 1. flower ; Fic. 521.—Fruit of dewberry (z- 
I]. fruit (magnified). bus cesitus); I. natural size ; 

II. a single drupel (magnified). 

the number and structure of the parts of the flower Roseze agree for the 

most part with Pomez, but are best distinguished by the numerous 

free and unilocular ovaries, not adherent to the calyx. The 5-, rarely 

4-cleft gamosepalous calyx has a tube of various structure, and is often 
surrounded by a 4- or 5-cleft epi-calyx 

or involucre, the leaves of which alternate 

with the sepals ; the petals are perigynous 

[sometimes wanting]; the stamens. rarely 

so few as five, usually 12 to 100, free and ° 

also perigynous ; the ovaries mostly with - 

only a single anatropous ovule; and 
the style usually more or less lateral. 

[Principal genera :—osa, Alchemilla, Po- 

tertum, Sanguisorba, Agrimonia, Rubus, LTT 

fragaria, Geum, Comarum, Dryas, Po- fri. oo opie diagram of 

tentilla, Spirea.| The fleshy calyx-tube the rose. See Fig. 256, p. 
of some species of rose forms an edible . ee 

pseudocarp known asa hip ; true edible fruits are borne by the raspberry 
Rubus Ideus, and blackberry 2. fratécosus ; an edible receptacle or 

pseudocarp (see p. 146) by the strawberry Fragaria vesca, elatior, and 

grandifolia. Oil of roses is obtained from Rosa moschata and dama- 
scena of Asia Minor. The bark of Quz//aja saponaria of Chile is sapona- 
ceous, and known as soap-wood ; the flowers of Margera anthelmintica 
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3. Amygdalee (or Drupacese). Shrubs or trees with simple alter-. es 
nate leaves provided with free deciduous stipules. This suborder is | 

distinguished from the rest of the order by the ovary, which is composed 
of a single superior carpel not adherent to the calyx, and which deve- 

lopes into a drupe (see p. 152). In the course of development the periaay 

carp becomes differentiated into three layers, of which the outermost or 
epicarp forms a more or less tough skin, the middle layer, the mesocarp ere 

or sercocarp, amore or less pulpy flesh, and the inner one, the evdocarp 

or putamen, a hard stone. ‘The fruit contains one or rarely two seeds 

with fleshy cotyledons, and radicle directed upwards (see Figs. 220 and 

325 I. pp. 119, 153). [Principal genera :—Amygdalus, Cerasus, By 

Persica, Prunus, Armeniaca.] This suborder is marked by the ten- — 

dency to form substances containing kydrocyanic acid, which is found — 
especially in the seeds:of the peach, apricot, cherry, plum, sloe | . 

Prunus spinosa, bitter almond, and in the leaves of the cherry-laurel 

Prunus lauro-cerasus. Edible fruits or seeds are furnished by the 
almond Amygdalus communis, peach fersica vulgaris, nectarine 

£. leris, cherry, species of Cerasus, apricot Armeniaca vulgaris, and 

plum Prunus domestica. [The stem of many species yields gum, _ 

the wood a valuable timber for cabinet-work. | ‘g 

Besides other less important orders belonging to this large cohort, ON: 

are Saxifragacee (Saxifraga, Chrysosplentum, Floteta, Astalbe, Cunonia, 

, 

Hydrangea, Escallonia, Deutzia, Ribes, Cephalotus,  Philadelphus,. ‘ 3 

Parnassia) ; Crassulacee (Tillea, Cotyledon, Crassula, Sedum, Sem- 

pervivum, Bryophyllum, LEcheveria, Umbilicus) ; Droseracee (Drosera, 

Dionea ; see pp. 163, 203). | aes 

Division IV. DiscirLor@®.—Sepals distinct or united, free or adnateto 
the ovary; petals distinct; disc usually conspicuous as a ring or i 

cushion, or spread over the base of the calyx- tube, or confluent with the 

base of the ovary, or broken up into glands ; stamens usually definite, 

zuserted upon or at Aes outer or tuner ee of ‘the “Gase 5 ovary 
_ superior. ? 

Cohort I. SAPINDALES. Flowers often irregular and unisexual sl 

disc tumid, adnate to the base of the calyx or lining its tube ; stamens a 

perigynous or inserted upon the disc, or between it and ae ovary, q 
usually definite ; ovary entire, lobed, or apocarpous ; evils one to a | 

usually exalbuminous ; embryo often curved or crumpledas Sha 
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_ trees, mostly with compound leaves. Principal orders :—Safindacce 
(Paullinia, Asculus, Sapindus, Pavia, Acer, Negundo, Dodonea, 

Staphylea) ; Terebinthacee (Rhus, Pistacia, Mangifera, Anacardium). 

Cohort II. CELASTRALES. Flowers hermaphrodite, regular ; co- 

rolla hypogynous or perigynous ; disc tumid, adnate to the base of the 

calyx-tube or lining it ; stamens as many as the petals or fewer, rarely 

twice as many, perigynous or inserted outside the disc or on its edge ; 
ovary usually entire ; ovules one to two in each loculus, erect ; raphe 

ventral. Shrubs or trees, rarely herbs, usually with undivided leaves. 

Principal orders :—Cédastracee (Euonymus, Eleodendron, Celastrus, 

_ Lippocratia); Rhamnacee (Paliurus, Zizyphus, Rhamnus, Ceano- 

thus) ; Amtpelidee (Cissus, Vitis, Ampelopsis). 

Cohort III. GERANIALES, Flowers often irregular; disc usually 
annular, adnate to the stamens or reduced to glands, rarely absent ; 

ovary multicarpellary, syncarpous or subapocarpous; ovules one to two, 

rarely numerous in each.carpel, ascending or pendulous ; raphe usually 

ventral. To this very large cohort belong the following orders, in — 

addition to others of less importance:—Lzzacee (Linum, Erythroxylon);  — 

_Malpighiacee (Malphigia); Zygophyllacee. (Tribulus, Zygophyllum, 
| Fagonia, Guaiacum); Geraniacee (Geranium, Erodium, Pelargonium, 

Tropeolum, Limnanthes, Oxalis, Biophytum, Averrhoa, Impatiens) ; 

Rutacee (Ruta, Dictamnus, Peganum, Diosma, Barosma, Eriostemon, 

Correa, Zanthoxylum, Citrus, 4égle, Limonia); Simarubacee (Quassia, 

Samadera, Simaba, Cneorum, Simaruba, Brucea, Ailantus, Balanites,' ' 

Licramnia) ; Burseracee (Boswellia, Canarium, Balsamodendron, Bur- 

sera, Amyris) ; Meliacee (Melia, Swietenia, Cedrela, Chloroxylon). 

Division V. THALMIFLORA.—Sefals usually distinct and separate, 

Sree from the calyx ; petals in one, two, or many whorls, hypogynous ; 
. stamens hypogynous, rarely inserted on a longer or shorter receptacle 

Or On a aise ; ovary superior. | 

Cohort I. MALVALES, Flowers usually regular; sepals five, rarely 

two to four, free or united, valvate or imbricate ; petals as many as 

sepals, or absent ; stamens usually indefinite and monadelphous ; ovary 

3-locular or more, rarely monocarpellary;  placentation  axile. 
Shrubs, rarely herbs or trees, with alternate, usually stipulate, simple 

or compound leaves. | 

Order 1, MALVACEH. (Fig. 523.) Herbs, shrubs, or trees, with 
simple, alternate, stipulate leaves. The calyx is 3- to 5-cleft, and usually 

surrounded by an epi-calyx or involucre of bracts ; the petals are equal in 

. , 
o> 
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\ Fic. 523.—Malva sylvestris ; I. portion of plant (reduced); IT. the monadelphous _ 
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stamens (magnified) ; III. the pistil ; IV. the fruit (natural size). _ 



3 Peg MK A i bat ee : ¥' 
- > ' : r ¢-* ) - 4 ; aris ue te : : : ae s ’ 4 mae A: * eas ; Z - ; , 

7 : ” “ae ’ ¥ : as 5 7 ” P ‘ af fs) 

= ae Special Morphology and Classification. 409. 
number to the lobes of the calyx, and contorted in zstivation [while the 

_ calyx is valvate] ; the filaments of the numerous stamens are coherent at 

their base with the petals, and united into a tube which encloses the 
superior ovary ; the anthers are unilocular and dehisce in a semicircular 

line ; the ovary multicarpellary, the carpels arranged round a central 

axis, and either free or united ; the fruit a capsule or schizocarp ; the 

cotyledons of the straight embryo are folded together, and the seed has 

little or no endosperm. [Principal genera :—JMalope, Althea, Lavatera, 

Malva, Fiibiscus, Gossypium, Sida, Abutilon, Adansonia, Lombax, 

Eriodendron, Durio.| Many plants belonging to this order are officinal 

on account of the quantity of mucilage they contain, as the roots of 

Althea officinalis, the flowers of the hollyhock Althea rosea, and of 

A. sylvestris, and the foliage of MJalva rotundifolia, Cotton consists 
of the hairs attached to the testa of several species of Crossypium,' 

_ especially G. herbaceum, arboreum, and religtosum, natives of all tropical 
countries. The baobab, Adansonia digztata of West Africa, is one of 

the most gigantic of trees. [The fruit of Du7zo is edible. 

The other orders of the cohort are Sterculiacee (Lastopetalum, 

_Butinerta, Theobroma, Sterculia, Thomasia); and TZilacee (Grewia, 

Tilia, Triumfetta, Corchorus, Eleocarpus). 

Cohort [I]. GUTTIFERALES. Flowers regular; sepals and petals 
each usually four or five, imbricate in bud ; stamens usually indefinite ; 

ovary 3- to multi-locular, rarely I- or 2-locular; placentation axile. 
_ Trees or shrubs, rarely herbs. Principal orders :—/ypericacee (fypert- 

cum); Guttifere (Clusia, Garcinia); Camelliacee (Ternstremia, Camellia, 

Thea, Caraipa, Marcgravia); Dipterocarpacee (Dryobalanops, Diptero- 

carpus, Shorea, Vateria). | 
Cohort III. CARYOPHYLLALES. Flowers regular; sepals two to 

five, rarely six ; petals usually as many as sepals ; stamens as many or 

twice as many, rarely more or fewer ; ovary unilocular, or imperfectly 

2- to 5-locular; placentation free central, rarely parietal; ovules 

campylotropous ; embryo usually curved, in a floury endosperm. | 

Order 1. CARYOPHYLLACE. (Figs. 524, 525.)* Herbs, very rarely 

shrubs, with simple, entire, opposite leaves, springing from tumid nodes, — 

and cymose inflorescence. The flowers are regular and pentamerous ; 

the calyx 5-cleft or 5-toothed, sometimes of 5 distinct sepals; the 

corolla of 5 distinct petals, which are often deeply bifid ; the stamens 
10, in two rows, though all are not always perfectly developed, the five 
inner ones often coherent with the base of the petals ; the pistil consists 
of from two to five carpels ; the placentation is free central, from the 

original dissepiments breaking away from the outer wall of the ovary 

before maturity ; the styles are free and equal in number to the original 
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entirely surrounds the endosperm or lies on one side of it. Somespecies. 
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are moncecious, dicecious, or polygamous, from the abortion of pistilor 

stamens. [Principal genera :—Agrostemma, Silene, Lychnis, Cucubalus, 
Viscaria, Saponaria, Gypsophila, Dianthus, Cerastium, Stellaria, Are-_ 

naria, Alsine, Spergula.| With the exception that some species are — 

I. 
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Fic. 524.— Dianthus Caryophyllus;. ¥1G.525.—White campion, Lychnzs vesper- 4 
I. portion of plant (natural size) ; tina; I. fruit (natural size); Il. trans yg 

IL. stamens (magnified). See Fig. verse section through ovary. See Fig. y 

255, P. 132. 254, Pp. 132. a 
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saponaceous, the order is entirely destitute of economic properties ; but 

many are grown in gardens for the beauty of their flowers. : oa a 

[The only other order of importance belonging to the cohort is 

Portulacacee (Claytonia, Portulaca, Sesuvium, Mollugo), — o> Wee 

Cohort IV. PoLycaLates. Flowers regular or irregular ; sepals 
(o 7 -"4% Phe 
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atid petals five each, rarely four or three ; times as many or twice as. ~ 
many as petals; ovary 2-locular, rarely unilocular or more; endo- 

sperm fleshy, rarely absent. Herbs, shrubs, or trees, with exstipulate 

leaves. Principal order Polygalacee (Polygala, Krameria, Securidaca). 

Cohort V. PARIETALES. Stamens definite or indefinite ; carpels 

connate into a unilocular ovary with parietal placentation, rarely spuri- 

ously bilocular or more by the prolongation of the placentze (carpels 

occasionally free ; ovary occasionally 3-locular or more). | 

Order 1, PAPAVERACEA. (Fig. 526.) Herbs witha yellow or white 

latex. The sepals are two, distinct, deciduous ; the petals four, arranged 

Il. 
/ 

Fic. 526.—I. Floral diagram of Pafaver; II. capsule (siliqua) of 
Chelidonium (natural size). 

in two whorls, regular [and deciduous]; the stamens indefinite, free and 

hypogynous; the ovary unilocular or spuriously multilocular ; the seeds 

with a small straight embryo at the base of a copious endosperm ; the 

fruit a capsule, either bursting into two valves, and resembling a siliqua 

(Fig. 526, 11.), or opening by pores, four to twenty in number, situated 

beneath the peltate stigma (see Figs. 233, 294, 313, pp. 126, 144, 

158). [Principal genera :— Platystemon, Chelidonium, Sanguinaria, 

Papaver, Eschscholtzia, Argemone, Glaucium, Meconopsis, Rameria.] 

Among officinal products of the order are the foliage of the larger 
celandine Chelidontum majus, the petals of the common poppy Pafaver 
Rheas, and the dried latex of the unripe capsules of the opium-poppy — 

Papaver somniferum. The latter is an important article of commerce 

from Egypt, Turkey, [India, and China], yielding opium and laudanum. 
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Mo ss Order. 2. “CRUCIFERA, ' (Figs. §27-530,). “Herbs -with Sltematey 95) see 
f 

Diane exstipulate leaves. The sepals are four, usually deciduous ; the petals four, pers 
* 

AF 

SS SS 

tc. 

% . - Fic. 527.— Vesicaria utriculata Figs 520;-= Wallflower, Chetranthus Cheiri b 
<)> «. Gihculosz, natural size). (Siliquose); I. part of plant; Il. siliqua 
i ten (natural size). 2 Tite Seing aee 
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alternate with them, arranged in a cross, and usually unguiculate ; the — 

stamens six, ‘etradynamous, the two shorter ones belonging to an outer 

whorl and opposite to the carpels, the four longer ones to an inner whorl 
and attached in front of the placentze (see Figs, 200, 204, 

pp. 111,112), The ovary is superior ; the fruit as a rule a bilo- 

cular capsule, bursting from the base upwards ; if it is several 

times longer than broad, it is termed a szlzgua (Fig. 528, | 

11.); if only slightly or not at all longer than broad a szlecuwla 

(Fig. 527). According as the dissepiment or veglum, when 

seen in transverse sections, occupies the shorter or longer 

Fic. 529. — Tetradyna- Fic. 530.—I. Schizocarps of /satzs tinctorza ; IT. trans- 
mous stamens and pistil verse section of angustisept silicula of Cafsel/a; IIT. 
of Brassica nigra; a transverse section of latisept silicula a of Camelina; 
shorter, 6 longer sta- 6 four seeds; IV. lomentum of Raphanus, 
mens. 

diameter, the silicula is said to be angustzsept, as in the shepherd’s purse, 

Capsella (Fig. 530, 11.), or latzsept as in Camelina (Fig. 530, 111.). Less’ 

often the siliqua splits transversely, forming a /omentum, as in the radish, 

Raphanus (Fig. 530, 1v.), or the fruit is a schizocarp, often at first — 
bilocular, but ultimately unilocular by the disappearance or perforation - 

of the dissepiment, as in the dyer’s woad Jsazzs (Fig. 530, I.). The seeds 

are exalbuminous, with acurved embryo, the position of which is an im- 

portant character in the classification of the genera belonging to the order 

(see p. 157). [This large and important order is divided into several — 
suborders, and includes a large number of genera, of which the fol- 

lowing are the more important :—Matthiola, Chetranthus, Nasturtium, 

Barbarea, Arabis, Cardamine, Anastatica, Lunaria, Aubyietia, Vesicaria, 

Alyssum, Draba, Cochlearia, Schizopetalum, Hesperis, Malcolmia, 

Sisymbrium, LErysimum, Braya, Camelina, Brassica, Sinapis, Eru~ 
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| castrum, Diplotaxis, Vella, C apsella, Senebiera, Lepidium, Megucarpan, é; aS 

less often shrubs [with opposite] leaves, exstipulate and often divided and 

Thlaspt, Iberis, Teesdalia, Isatis, Myagrum, Bunias, Crambe, Cakile, ~* 

Evrucaria, Raphanus, Dentaria, Alliaria, Armoracia, Pringlea.] TEs, ‘ee 

furnishes a large number of culinary vegetables. The common | 

cabbage, Brassica oleracea, is the parent-form of all the varieties, as 

kohl-rabi, savoy, Brussels sprouts, broccoli, cauliflower, &c. [the two 

latter forms owing their peculiarity to a suppression of the floral organs, 

and an abnormal development of the pedicels of the inflorescence]. The 

seeds of other species contain an oil known as rape-seed oil. The 

turnip and Swede are varieties of Brassica Napus. Other culinary 
species are the water-cress Masturtium officinale, and the garden-cress 
Lepidium satevum. ‘The rhizome of Cochlearia Armoracia is known as 
horse-radish ; the root of Raphanus satevus is the common radish ; 

mustard is obtained from the seeds of Stxapis nigra. [The anticeeen Sa 
butic properties possessed by so many plants belonging to this order 

are due to the presence of a principle containing sulphur.| A large 

number of species are grown for the beauty of the flowers, among 

others the so-called ‘rose of Jericho,’ Anastatica hierochuntica. [The 

leaves of the woad, /satzs tenctorza, yield a blue dye. , ‘5 

The remaining orders of importance belonging to the cohort are 

Fumariacee (Hypecoum, Dicentra, Fumaria, Corydalis); Capparidee, 

(Cleome, Capparis); Resedacee (Reseda); Ctstacee (Cistus, Heliam-- | 

themum) ; Violacee (Viola, Ionidium, Alsodeia); Bixacee (Bixa, Coch- 

lospermum, Facourtia). | . 

Cohort VI. RANALEs. Stamens almost always indefinite ; ¥ 

carpels free or immersed in the receptacle, very rarely syncarpous ; : 

micropyle usually inferior ; embryo minute in a fleshy endosperm. | 

Order 1. RANUNCULACE (Figs. 531-533). Herbs with alternate, or ie 

- semi-amplexicaul. The sepals are from three to six, [deciduous] and often 

petaloid ; the petals from 4 to 15, arranged in one or more rows,’ 

[some or all of them] often small and assuming the form of nectaries, 
(Fig. 533 111.) ; or the corolla is entirely absent ; the stamens free, in- 

definite, and hypogynous. ‘The fruit consists of an indefinite number of. 

one-seeded, indehiscent achenes, each representing a carpel with its ; 

own style and stigma [Ranunculus, Anemone], or of several follicles, 

7.e. capsules opening by the ventral suture only, [Caltha, Paonia, Del- : 

phinium, Aconitum), or is more rarely a one- or several-seeded ee 

berry [A4ctea]. The small embryo is enclosed in a copious fleshy 

endosperm. [Among the more important genera of this large order | 

are Clematis, Thalictrum, Anemone, Adonis, Myosurus, Ranunculus, — 

Caltha, Hydrastis, Trollius, Helleborus, Eranthis, Nigella, Aguilegia, 
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Delphinium, Aconitum, Actea, Cimicifuga, Paonia. Officinal pro- 

ducts are the roots of the hellebore Helleborus viridis, the tubers of the 

Fic. 531.—Marsh marigoid, Caltha falustris ; I. part of plant ; II. fruit, 
consisting of follicles (natural size). 

monkshood Aconztum Napellus, the seeds of Delphinium Staphisagria 
of Europe, and the foliage of Anemone Pulsatilla. Many are poisonous, . 

II. 

Fic. 532.—Pheasant’s eye, Adonis; I. longitudinal section through seed ; IT. longi- 
tudinal section through flower (magnified). . 

as the various species of elleborus and Aconitum, and Ranunculus 

sceleratus ; and a large number are grown as ornamental plants. 

: 
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[The remaining more important orders of the cohort are Magnoliacee — 
(Magnolia, Ltiriodendron, Drimys, Litictum) ; Anonacee (Uvaria, ae 
Anona) ; Menispermacee (Cissampelos, Cocculus, Anamirta, Meni- ane 

i 

Fic. 533.—Monkshood, Aconitum Napellus; 1. part of plant (natural size); IT. . 
floral diagram ; III. flower(magnified), the coloured calyx having been removed, " 
showing the two petals a developed into nectaries, the remaining petals being n 
reduced to scales or altogether abortive. 

spermum) ; Berberidee (Berberis, Mahonia, Epimedium, Podophyllum) ye a 
Nympheacee (Nuphar, Nymphea, Euryale, Victoria, Cabomba, Ne- pe 
lumbium).| ir a 
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CHAPTER VII. 

THE CHANGES WHICH. HAVE TAKEN PLACE IN THE VEGE*- 

TATION OF THE GLOBE IN THE COURSE OF GEOLOGICAL 

PERIODS. 

Geoxocy, or the history of the formation of the earth, proves 
that the distribution of land and water on the surface of the 
globe has not always been the same as it is now ; many dis- 
tricts which are now continents were at one time seas, and 

vice versa. ‘The main agent in carrying away masses of land 
from one spot and reconstructing them in another, has been 
water, either slowly by gradual action, or suddenly by mighty 
convulsions. Some idea may be conceived of the extent of 

this agency, from the reflection that the mass of particles in 

a state of suspension and solution which the nver Ganges 
now carries down to the sea every year 1s equal in bulk to 

seventy pyramids as large as the largest of the Egyptian 
pyramids, that of Cheops. Wherever the substances that are 

carried down are deposited at the bottom of the sea or in 
sea-basins, strata are formed which at first fill up the un- 
evennesses of the ground, the uppermost layers then forming 
gradually more and more horizontal deposits. On strata of 

this nature already in existence fresh layers of different sub- 
stances are everywhere deposited. Such a stratification of 

the crust of the globe has not however occurred once only 
or a few times at one particular spot; but at almost every 
place where the surface has been excavated it manifests a 

structure stratified in the greatest variety of ways. 
Nothing is more natural than that in these changes which 

have taken place on the surface of the earth, multitudes of 

plants! should have become enclosed in the soft deposits of 

1 No account is taken in the sequel of the preservation of animal 

remains, 

EE 
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mud, and their remains preserved in the rock which results 

from the hardening of the mud. The soft and delicate 
parts could not be perpetuated in this manner; and it is 
found in fact that only the harder parts, like the wood, bark, 

ie 
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stems of fossil trees ; 6 bed of ironstone; c layer of shale ; d bed of coal. 

Fic. 534.—Section of coal-measures at St. Etienne; a bed of sandstone with erect Si 
ih 
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and fruits, are preserved (Fig. 534). The softer portions 
have been more or less quickly decomposed ; although, under 
specially favourable conditions, there has been some preser- 
vation even of them. The delicate parts, for example, are — 



Paleophytology. | 419 

found enclosed in amber, and even in diamonds, or have 

been covered up by the hardening mud, and have at least 
left zmpressions in it, from which the form and even the 
species can be recognised. ‘The numberless small cavities 
—cells and intercellular spaces—which are found in the 

substance of the plant are also not unfrequently filled with a 

fluid, the mineral constituents of which—usually silica—be- 
come gradually solid, and thus preserve the structure of the 
plant in a /fossi/ form, the organic parts undergoing decom- 

position. From the mode tn which these impressions and 
fossils are formed, it is evident that they can be found only 
in stratified rocks. ‘The number and systematic position of 
the fossil remains obtained in this manner vary greatly in 
the different superincumbent strata ; but are subject to the 

following general rules :—In the lowermost and consequently 
the oldest strata no remains of plants now living are found. 
In the higher strata are found gradually more and more 
highly organised kinds, and more nearly allied to those at 
present existing; this being most strikingly manifested in 
the uppermost or most recent beds, in which a number of 

fossil plants, or their impressions, are found, which belong 

to our existing flora. If, indeed, an attempt is made to 

form, from the few remains at present found, an idea of the 

entire vegetation—not, perhaps, of the whole earth, but of 

_ those regions which have furnished most material for ex- 
-amination—the result may not differ very widely from the 
reality. It is best to commence with the oldest strata, from 
which a gradual approach may be observed towards the 
existing vegetation of the earth. 

In considering the variety of the fossil remains in the 
different strata, special attention must be paid to the changes 
which have taken place in the climate of the earth in the 
course of the different geological periods.! 

1 [In his Genera et Species Plantarum Fossilium, published in 1850, 
Unger reckoned the number of genera and species of fossil plants known 
up to that time as under :—Exogens, 151 genera, 547 species ; Endo- 

EE2 
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In reference to the relative position of the an and to 
the fossil remains (chiefly those of animals) found in them, a | 
number of geologzcal systems are distinguished, which are again 

divided into groups. . 

The lowest strata of the Primary or Paleozoic age (de e. 
the period of the oldest living beings)—vzzz. the strata of the 

Szlurian' system—contain the earliest remains that have 

been preserved of the vegetable world. Only a few marine 
Algee are known ; but others may have altogether perished, 

their existence Heme indicated only by the occurrence of 
carbonaceous or bituminous limestone. 

In the Devonian system the number of species, genera, 
and families has greatly increased. In addition to a con- 
siderable number of Algee, the first land-plants have made 

their appearance. ‘They consist almost entirely of the re- 
mains of Vascular Cryptogams, with a few Cycadeze and 

Conifere. The aspect of this period, as also of that next . 
in succession, must have been extraordinarily uniform and 
monotonous ; but vegetable life had extended over the sur- 

face of the earth in a variety and luxunance of forms far 
surpassing our existing vegetation. 

In the Carboniferous period Ferns attained a special de- 

velopment. We find lofty trees or shrubs with multipinnate‘ 

leaves several feet in length, forming magnificent groups of © 
plants, in the shade of which other smaller species grew 
_as underwood (Figs. 540-542). Among the largest forms — 
of which these forests were composed were certain Lyco- — 
podiaceee—to which nothing now existing is comparable ~ 
—known as SzgeHarie aud Lepidodendra (Figs. 535-539). 

gens, 43 genera, 142 species; Gymnosperms, 56 genera, 363 species; 
Cryptogams, 152 genera, 1,172 species; Doubtful, 35 genera, 197 a 
species. Since that time the number of both genera and species has been 
enormously increased, especially by the additions to the Tertiary flora — 
made by Heer and Ettingshausen. —-ED.] 

1 [Geologists now distinguish the oldest stratified beds from the 
superimposed Silurian as the Laurentian and Cambrian systems. They 

-contain but few remains of organic life. —ED. ] 
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The former had a columnar unbranched stem, 20 metres in 
height, and rising from a square base 1 metre in diameter, 

Fic. 536.— Leaf-scars of Fic. 537.-—I. Fertile branch; II. 
Lepidodendron _ ele- F terminal branch of Lepzdoden- 
gans natural size). é : adron (reduced). 

Fic. 535.— Branching stem of Le/7dodendron, from the 
coal-beds of Bohemia (reduced). 

the bark being covered with a number of longitudinal rows of 
diamond-shaped leaf-scars ; [and it is now generally believed 
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that the fossils known as Stgmarza, and formerly regarded as ; 
a distinct plant, are in reality the roots of Sigillaria.] The 

1 EN Hina 
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Fic. 538.—Stem of Szgz//arvia, from English Fic. 539.—Leaf-scar of Szezllaria — 
coal-bed reduced). Greserz (natural size). 
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Fic. 540.—A zxzularza Sertilis. Fic. 541.—Sphenophyllum annulatum. . 

Lepidodendra, on the other hand, had much-branched stems, 
30 or more metres in height, and 4 metres in girth, and a 
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were also beautifully marked with scars. Associated with 
these were gigantic Equisetaceze known as Cadamites, of 
which those now existing are as dwarfish representatives 
as the Lycopodia are of the Sigillariz and Lepidodendra. 

There existed, however, also in those forests—the true 

primeval forests of the earth—herbaceous plants (Ferns), 
such as Anuularia, Asterophyllum, and Spenophyllum, as 

well as some Monocotyledons, Cycadez, and Coniferz ; and 
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Fic. 542.—WNeuvropterts hetercphylla. 

even the number of species was quite considerable. The 

Sigillariz, Lepidodendra, Calamites, Asterophyllites, and 
possibly also the Tree-ferns, attained in this formation their 

maximum development ; in the succeeding one their number 

diminishes. In connection with other plants, and perhaps 

also with sea-weeds, they form the valuable deposits of coad. 
In this form they have undergone sometimes more, some- 

times less change, no trace of their vegetable structure 
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often remaining, while the accompanying | beds of can 
receive their impressions, and preserve a correct image of — 
them. It frequently happens, however, that entire stems 

have become fossilised (Fig. 534, p. 418), and still show their 
cellular structure in a wonderfully beautiful manner. We 
have no knowledge of the length of time during which the 
Carboniferous period lasted ; but if it may be estimated from 

the thickness of the deposits of coal, many authorities would 
place it at millions of years. 

It is impossible to suppose that deposits of coal occurred only in. 
the Carboniferous period ; they are found in almost all strata higher 

in the series, but in a different from. In the uppermost we find Zeaz, the 

coal-formation of the present ; below it is /zgzzfe or brown coal, bear- 

ing sometimes a greater resemblance to peat, sometimes to the true coal 

which lies beneath it. The origin of the latter from peat is therefore © 

not improbable, and in some cases is unquestionable. The mode of 

formation of peat must therefore be first investigated. When Algze and 
other plants grow undisturbed in perfectly stagnant water, to the bottom. 

of which they fall quietly as they decay, the layer of organic matter 

thus formed grows gradually thicker and thicker ; the reeds, rushes, 

sedges, and Equiseta retreat from the shore, the dense matting of their 

roots gradually advancing farther and farther on the muddy soil. 

Every year the dead leaves and stems of the water-lilies, water-Ranun- 

culi, Potamogeta, and Lemnez fall to the bottom ; the mass of vegetable 

remains and the roots and rhizomes which penetrate among them be- 

come denser and denser, and more and more space is constantly taken 

from the water, until at length a densely interwoven substance results, 

resting ona soft layer of mud. Sphagna, Eriophora, marsh trefoil, 
Vaccinia, and other plants, establish themselves on this unstable 
foundation. The vegetable remains covered in this way, and protected 

against the action of the air, still decay, but not so completely ; they 

are continually losing oxygen, hydrogen, and nitrogen, while the 

carbon accumulates. The mass is also increasing upwards ; for long 

after the lower parts of the bog-mosses (Sphagna) which take an es- 
pecially important part in these processes have died off, the upper 

parts still maintain a vigorous life, drawing up the water from below 
like a sponge. The substructure, which was at first very soft, becomes — 

therefore gradually denser in the course of time, until at last a firm fead- 

moss is formed beneath the superficial vegetation. The ground is how- 
ever constantly kept moist by the peat, and a luxuriant vegetation is 
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hence developed on it, fed by the abundance of food-material which it 

contains. As soon as it becomes firmer, trees and shrubs, willows, 

alders, and buckthorns, spring up on it, and finally also conifers ; but 

the life of these larger plants is as a rule somewhat limited ; and when 

they are blown down by the wind or fall by their own weight, the peat- 

moss grows over them, and in the course of years they become entirely 

-coyered up by it. There, excluded from the action of the air, they do 

not decay, the structure of their wood being retained perfectly for cen- 

turies. This is the mode in which peat is formed. 

_ Even in lignite the remains of plants can be abundantly recognised. 

‘This is less the case in true coal, and scarcely at all in anthracite, the 

hardest coal with most of a mineral character. It is often possible to 

determine the’plants which have contributed to the formation of coal 

only from the fossils and impressions found in the accompanying beds 
of earth. The exclusion of the atmosphere, and the pressure, often 

immense, which beds of peat that have been flooded and buried 
beneath the surface have had to sustain from the superincumbent 

layers of earth, explain their transformation, first into lignite and then 

into true coal. In many beds of coal, as for instance those of Silesia, 
. their origin from layers of peat is sufficiently evident ; in others this 
explanation does not seem to apply, and we must assume that drift- 

wood has been the source from which they were formed. Even at the 

present time the gigantic rivers of America tear down from their banks 

and carry away trunks of large trees ; and when these trunks have 

become completely saturated by water, they are left behind by the 

current, and sink either in an inland lake, at the mouth of the river, as 

‘in the Mississippi, or in the sea as drift-wood, and thus form immense de- 
posits which may very easily be transformed into coal. But these trunks, 

must retain some traces of their journeyings, and must be intermixed 

with the remains of water-animals, and, when the deposition takes 

place in the sea, of marine plants. These phenomena are in fact ob-— 
served in many of the coal-formations of north Germany, the produc- 

tion of coal having taken place in the manner already indicated. The 
formation of coal from the deposition of successive layers of plants in 
primeval forests is very improbable. 

It is remarkabie that after the Carboniferous period the 
luxuriance of vegetation appears to have diminished. As if 

the earth were already exhausted, one form after another 
of the existing vegetation disappears ; and in the Permian 

sa series, Oniy the lower strata, the Mew Red Sandstone, 
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contain any quantity of plants, and then chiefly in a silicified. 
state. The MJagnesian Limestone which rests upon it con- 

tains but very few vegetable remains. The Permian has 
only one form in common with the lower, and only a few 
with the upper strata of the Carboniferous system. The 

prevalent forms are still Sigillariz, Calamites, Ferns, Lepi- 

dodendra, &c.; but in addition are found Palms and — 

Cycadez, the latter order attaining here their maximum 
development. | 

A different vegetation characterises the Secondary or 

Mesozoic strata. The forms characteristic of the Paleozoic 

beds, Sigillariz, Lepidodendra, and Asterophyllites, disap- 
pear, and others make their appearance which bear a greater 
resemblance to those of the present day. The Conifere 
began in the Devonian, attained a maximum in the Carboni- 
ferous, and again diminished in the Permian system. 

In the lowest system belonging to the Secondary strata, 
the Z7zas, Coniferee must have formed the main part of the 

_ forests ; while of Cryptoganis, so largely developed in the 
lower rocks, only Ferns remain, those howéver belonging to 

new, and partly to pecuhar and highly developed genera. 

The chief forms of Coniferze in these forests were species of 

Voltzia (Fig. 543) and Albertia. The former were lofty 

trees, not unlike our Cryptomeria, while the latter had broad 
leaves penetrated by delicate longitudinal veins. With 
them are associated certain Cycadeze (Zamites, Figs. 545, 
546) and water-plants, as well as Calamites with verticillate 

leaves, and gigantic Equisetaceee, which may have clothed the 
margins of the sheets of water. Of the three well-characterised) 

sections into which the Trias is divided, the lowest or 
Bunter Sandstein contains but few vegetable remains, the 
middle or Wuschelkalk scarcely any, and the uppermost or 

Keuper only a few. The flora of the Trias, in its gigantic 
Ferns and peculiar Coniferee, bears a greater resemblance to 
that of New Zealand than of any other country at the present 
time. 3 tL 
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Fic. 543.—Terminal, middle, and fertile branch of Voltzva (Schizoneura) 
heterophylla, from the Vosges. 

Fic. 544.—A fertile and barren pinna of a Fern- 
frond, Gontopteris Murreyana. 

Fic. 545.—Stem of Cycadoidea megalophylla Fic. 546.— Branch of 
(Cycadez), from Portland Isle. Presleanunt (Cycadee), 
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The uniformity of vegetation characteristic of the Carbo- 
niferous is still more marked in the Triassic system. | 

Next in succession above the Trias is the /urassic sys-. 
tem, which again is divided into three sections, the Zzas, and 

the Lower and Upper Oolite. The fossil remains found in this 
formation lead to the conclusion that the marine plants of. 
the Lias did not differ essentially from those of the present | 
time in their external appearance, although the species may 

have been very dissimilar. ‘The case is different with the 
terrestrial vegetation, in which we still find a considerable 
coincidence with that of the Keuper. The prevalent forms 
in the forests consisted of Cycadez, of which fifty-eight 
species have been described. From this point, this beau-. 

tiful form of vegetation, which in regard both to its habit, 
and to its morphological and anatomical structure occupies 
an intermediate position between the Ferns, Palms, and Coni- 

ferze, decreases, only a few species existing at the present 
time. With these were associated numerous Coniferz nearly 
related in form to our Araucariasand Thujas. ‘The under- 
wood of the forest still consisted of Ferns, along with fleshy 
Fungi. The marsh-loving Calamites have disappeared, and 
the Equisetacee of that period scarcely exceeded our own 
in size. Plants allied to Typhaceze, Naiadesze, Cyperaceee, and 
Juncacee, fringed the edges of the water. This sketch gives, 
however, only an imperfect idea of the vegetation of that 
system ; for its coal shows that in magnitude it must have 
resembled that of the Carboniferous period. The vegetation 
of the Lower Oolite presents no great difference from this, — 
A number of sea-weeds have been preserved ; the earlier 
forms of Ferns and Cycadeze disappear, and others take their 
place more nearly related to those of the present time. The 
flora of the Upper Oolite does not include any marine plants, — 

only a single freshwater Alga, and in other families also 
fewer forms than the Middle period. ‘There would seern to 
have been an exhaustion of the earth similar to that which 

apparently succeeded the Carboniferous period. . 
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In the Cretaceous system appear the first dicotyle- 

donous trees. The lowest strata contain mostly marine 
plants, sea-weeds and sea-grasses, with a few trunks of a 
species of cypress which floated on the sea in the form of 

drift-wood. The fossil remains of the Middle Cretaceous are 
much richer. The Cycadez diminish in numbers ; but in 

their place appear the first exogenous trees, /wg/andites and 
Acerites, related to our walnuts and maples. Among the 
Ferns, which had hitherto formed almost the entire under- 

growth of the forests, rose shrubs allied to our willows ; 
alders and horn-beams, A/nzfes and Carfinites, attained the 
size of trees; and we find also allies of our J/yrica or 
sweet-gale. We have no certain knowledge of the existence of 
herbaceous Monocotyledons ; but certain impressions which 

bear a resemblance to lies or gingers make it probable. 
The marine and littoral plants of that system are similar in 
essential points to those of the Lower Cretaceous. ‘The 
Upper Cretaceous, including the Cyalk, affords only a very 
few vegetable remains, and those entirely of Algee. 

The lowest of the Zertiary or Cazinozoic rocks are the 

Hocene. (n this period dicotyledonous trees first begin to 
contest the supremacy with Cryptogams and Cycadez, and 
the entire outward form of the vegetation approaches that of 
ourtime. The lowest strata of this system furnish a marine 
flora consisting of sea-weeds. This is succeeded by a 
beautiful littoral flora, with Equisetaceze, Characee, and 

Naiadee. Land-plants finally appear ; and among these 
palms are especially conspicuous, and with them bananas, 
Myrtacee, Lauracee, and other exogenous and coniferous 
trees, which must, according to our present knowledge, have 
belonged to a tropical climate. Remains of the Ferns, 
Cupressineze, and Cycadez belonging to this system have 
been found in Greenland in 70° N. lat. We know of no 

country at the present time which affords a similar grouping 
of plants to the flora of the Eocene formation, taken as a 
whole. That of the basin of the Mississippi probably 
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presents the greatest similarity to it; but there are also 
points of resemblance to those of California, New Zealand, — 
and Australia. 

The next systems, the J/zocene and Pliocene, are se- 

parated somewhat arbitrarily from the preceding and from one 
another, if the floras only of the formations be considered ; 

the transition from one to another, and from these to the pre- 
sent, being quite gradual. We find, the higher we ascend in 

the Tertiary strata, an increasingly greater number of forms 
which indicate a cooler climate. The tropical plants gradu- 
ally disappear, and are replaced first by subtropical forms, 
and then by those adapted to a temperate climate. Especi- 

-ally in the Middle ‘Tertiary or Miocene system we find 
large masses of carbon deposited in the eartn in the form of 
beds of ‘brown coal’ or “zgnzte.. It is evident that the 
German deposits of lignite are almost entirely composed 
of the remains of Coniferze ; while in the mars, the sandy, 
loamy, and argillaceous strata which accompany the lgnite, 

a number of the impressions of exogenous leaves are 

always found. But these coniferous forests did not exhibit 
‘a dull uniformity, as is the case with those of the present 
time ; there was, on the contrary, an abundant and cheerful 

variety of forms, as is seen even now in the forests of 
Canada and Asia, though not to so great a degree. There 
must also have been enormous quantities of resin exuded 

by some of these trees, genera resembling Zhuwja and 

Cupressus, the preserved stores of which are eagerly sought 
for ; this resin, hardened by external conditions, being now 

known as amber. In addition to the Coniferze already 
mentioned, we find, in what appears to be near the close 
of the Tertiary period, that the forests of northern and 
central Europe consist largely of dicotyledonous trees—oaks, 
beeches, birches, alders, and willows. Plants belonging to 
the Primulacez, Scrophulariaceze, Crassulaceze, and other 

existing orders, sprung from the ground beneath the trees, 
covered with moss and fungi, and adorned with Rhododen- — 
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drons, Azaleas, and other beautiful bright-coloured Ericacez. 
Species of honeysuckle formed bushes or climbed up the 

trees, on which grew parasitic plants allied to our mistletoe. 
In Italy are found the remains of species of Salzsburia and 

Liriwdendron, the allies of which now grow only in Japan and 

South America. Many species of these recent formations 
probably exist to the present day. Up tothe year 1853, 

Goeppert had described the remains of 162 plants belonging ~ 

to 64 genera preserved in amber ; 30 of these he recog- 
nised with certainty as belonging to the present time, 
while others do not admit of a perfect identitication. 

The Post-pliocene, Pleistocene, or Alluvial formation in- 

cludes deposits believed to be formed immediately before 
the historic period. It is to these strata that the remains of 
the mammoth, mastodon, and other gigantic animals belong ; 
but the number of species of plants found is only small, 

and these have only been partially determined with certainty. 
How unequal has been the preservation of the remains of 
this period is shown by the circumstance that our only source 
of knowledge of the existence at that time of our pines and 
arbor-vitee is the fact that the remains of food found in the 

hollow teeth and stomachs of mastodons which had become 
enveloped in ice belong to these plants. 

From. these Alluvial formations we pass to the presen: 

age, with its forests, meadows, steppes, deserts, seas, lakes, 

and marshes, each of which has its peculiar flora and its 

special physiognomy. Among the endless variety of species 
of plants by which this latter is determined there are a 
certain number of leading forms which arrest the atten- 

tion of the observer. Among these are Hymenomycetous 
Fungi, Lichens and Algze, Mosses and Lycopodiacee, Ferns 

and Equisetaceze, Coniferze, Cycadez and Palms, Grasses, 

bulbous plants, Agavez and Aloinez, Scitamineze and 
Musacez, Aroidez, Orchidee, lianes,! Casuarinacee, willows, 

! Climbing or twining plants, mostly tropical, and often with ten- 
' drils, Passifloracee, Bignoniaceze, Aristolochiaceze, reeds, palms, &c., 
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Cupuliferze, Ericaceze, Myrtaceze, Melastomacee, Lauraceze, 

Composite, Umbelliferee | Labiate, Cruciferee, Primulaceze], 
Cactacez, arborescent Euphorbiaceze, [Mesembryanthe- ~ 

macez|, [figs], Malvaceze, Mimosez, and Nympheacee. 

CHAPTER VIII. 

BOTANICAL GEOGRAPHY. 

BoTANICAL GEOGRAPHY treats of the distribution of plants 
on the surface of the earth ; it collects the plants of any par- 
ticular country into a Flora, and investigates the causes, 
operating either at the present time or in the past, which 

have led to each species acquiring its special habitat, and 
have resulted in only a few plants—termed cosmopolitan — 
becoming distributed over the whole globe, or even over a 

large part of it.! 

The earth does not everywhere produce those plants which are 

especially adapted to each particular region. If this had been the case, — 

the same species would be constantly met with in widely separated 
countries that enjoy a similar climate, and no immigration of foreign 

plants would take place, such as often happens before our eyes. Each 
species has, in fact, become disseminated only at particular spots ; it has 

its centre of distribution at the spot from whence it originally sprang ; 

‘but the limits of these centres are often obscure, because plants have 
found conditions suitable for their existence outside these bounds, and 

feebly represented by our grape-vine, ivy, hop, honeysuckle, [Convol- 
vulus], &c. 

1 The phyto-geographical map at the end of the volume must be 
consulted in connection with this chapter. It indicates the boundaries 
of the twenty-four phyto-geographical regions adopted by Grisebach in 
his ‘ Vegetation der Erde,’ each region being coloured uniformly. The 
regions of a more generally wooded character are coloured green and 
dark blue, the steppes and deserts yellow and red, while those regions — 
which have no special character of their own are of some other colour. 
[The statements of Grisebach—on whose work the whole of this chapter _ i 
is founded—are somewhat too unqualified, both with regard to the boun- — 4 
daries between the regions and to the characters which distinguish nee 
from one another,— ED. ] 
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a “have thus occupied more and more ground by migration. All plants 

are, however, not equally capable of migration ; if this were the 

case, the strongest would everywhere have replaced the rest, and have 

“S occupied the whole of the space devoted to vegetation. The unlimited 
distribution of plants is also prevented by seas, deserts, mountain- 

- chains, differences of climate, and even by the existence of other plants — 

and animals. 
A natural flora results from the interchange of a number of forms 

belonging to different centres of vegetation, and their union into a whole 
with definite characters. The limits of such a flora are determined 

by climate, or by the hindrance to the distribution of species afforded 

by a broad ocean or other obstacle ; and these floras are the more natural. 

the more sharply they are defined, and the less their aboriginal inhabi- 

tants have mingled with immigrant forms. The most effectual hindrance 

to this intermingling is presented by the ocean. Almost as completely 
the great Sahara separates the flora of tropical Africa from that: of 

the Mediterranean region ; and the forest-region of equatorial America 

is an insurmountable obstacle to the migration of the native plants of 

the grassy plains of Venezuela and Brazil. The chief factor, however, 
in the separation of floras is difference in climate. 

The comparison of different floras, and of the regions to which 

they belong, brings out the law that the species of a genus or the 

genera of an order are the more nearly related to one another—-in other 

words more closely resemble one another—the less the distance between 

their centres of distribution, or the more similar the climates of these 

centres. Itis scarcely possible, for example, to have greater differences 

of climate than those which subsist between the base and the stiummit of 

A 
, 

lofty mountains ; and yet the vegetable productions of the most ele- 
vated regions not unfrequently bear the closest systematic relationship 
to those of the warm valleys out of which the mountain rises ; a phe- 

nomenon which suggests the supposition that the plants of the heights 

have ascended from the valleys, and have adapted themselves to the 

new vital conditions as far as was necessary to their perpetuation. But 

the transitions from one species to another which might be expected 

in the gradually ascending mountain regions are most commonly want- 

ing ; the Alpine species make their appearance, and those of the plains 

disappear, suddenly, at particular elevations. Contiguity of locality 

is, however, except in the case of mountain-ranges, usually accompanied 

by resemblance in climate. But there are also resemblances of climate — 

without geographical contiguity ; and allied genera or species appear in 

' the most widely separated regions, if their climate is similar. Well- 

known examples of this fact are furnished by the beeches of Japan 

FF 
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‘tation. Each of these floras is again subdivided into zones, 

na the Agate of Magellan, and by the heaths of the Cape of Good a ’ 

‘Hope and of western Europe. . Bae ta 

Since one of the main problems of phyto- geography j is Bs inves- ah 

tigation of the means by which a plant ensures its existence, a physio- ne 

logical system may be contrived, according to the plan prosetem ‘byke 

Humboldt, in which those organs of a plant which serve for the main- ~ 

tenance ofits life—in other words its habit—are first taken intd account ; ~ of 

these characters determining to a great extent the natural features Of. a 

the vegetation. A certain connection can indeed usually be recognised vie 

between the external form of the vegetation and the climatal conditions. o 

which determine its geographical distribution. _On this plan the vege- 

table kingdom may be divided into the seven following classes :— 

1. Woody plants ; 2. Succulent plants, such as the cacti ; 3. Climbing _ : 

plants. (lianes) ; 4. Parasites or epiphytes, like the mistletoe ; 5. Her- 

baceous plants; 6. Grasses; 7. Cellular plants ; and each of these- | Se 

groups may be divided into a greater or smaller number of sections. | 

In order to obtain an idea of the entire vegetation of 
the globe, the surface of the earth has been divided by — 
Grisebach into twenty-four natural floras, or vegzons of vege- 

the phyto-geographical character of which is determined by 
its elevation above the sea-level ; a succession of zones being | 

thus obtained, until at length the line of perpetual snow 
sets a limit to almost all vegetable life. See 

The determining conditions and the actual bourne | 

of these floras are, however, at present but imperfectly 
known, [and, indeed, any such division must be considered — 
as very inadequately representing the endless variety and 

complexity of nature. In all such classifications thereisa 

definiteness and sharpness of outline, which is really an 4 

inherent logical defect of all classifications of natural - 

phenomena, rather than a representation of anything that 
has an exact counterpart in nature]. The districts charac- — 
terised by the occurrence of similar forms and often identical 
species, occupy as a rule lower zones of elevation sis: 7 

ed 
a 
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and Italian Alps occur at a much lower elevation on the 
mountains of Norway and in Lapland ; and plants found 

‘above the snow-line on Mont Blanc belong also to the Arctic 
flora. The floras of mountain and of Arctic regions never- 

theless exhibit some considerable differences. 

At the base of the mountains of the equatorial zone, from 

the sea-coast to the height of about 630 metres, the external 

conditions, and therefore also the character of the vegeta- 

tion, are similar to those of the plains. This is the zone of 

palms and bananas. It is followed, as far as a height of 
1,300 metres, by the zone of tree-ferns and figs. In India 
these lofty trees are covered by multitudes of Piperacez, | 

 Aroidez, and Orchidez. In the islands of the southern ocean 

the figs are replaced by arborescent Urticaceze; and the 
‘valuable Cinchonez are characteristic of the South American 
region. In the zone of myrtles and laurels, which suc- 
ceeds as far as a height of 1,900 metres, trees with thick 

shining leaves are predominant, Myrtacez, Camelliacee, 

Magnoliacez, and others; but the Acacias and Ericacez 
also attain here their maximum development, and evergreen 

oaks are very abundant. ‘The laurels occur especially 
towards the upper limit of this zone, and are found also 
abundantly in the next, that of evergreen trees, which ex- 

tends from about 1,900 to 2,500 metres. Next comes the 

zone of trees with deciduous foliage, which extends to a 

height of about 3,200 metres, and under the tropics is seen 

only on the elevated plains; and a luxurious arborescent 
exogenous vegetation scarcely reaches beyond 2,800 metres. 

At this point a variety of Coniferee make their appearance, 
such as with us are intermingled with the exogenous trees. 
From 3,200 to 3,800 metres 1s the zone of Conifer, and from 

that to 4,500 metres that of Rhododendrons. Lofty trees now 
_ disappear, and are replaced by luxuriant meadows and pas- 
_ tures, among the brilliant herbaceous vegetation of which 

_ Rhododendrons and Azaleas are conspicuous, not only by 
their shining coriaceous leaves, but also by their magnificent 

FF2 
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clusters of flowers, often of gigantic size. The eighth iy 1 
last zone, that of Alpine herbs, extends from the elevation - 2, 

of 4,500 metres to the limits of perpetual snow. Here are 
found chiefly low-growing perennial plants with woody. 
roots, a small amount of foliage, and comparatively large | op 
brightly-coloured flowers; and almost all the herbaceous 
plants are marked by containing resinous and bitter substances. | 

The Alps and other mountains of Central Europe pos-_ 

sess, on the other hand, only six phyto-geographical zones. 
The zone of fruit-trees, that of the spurs of the moun- e 

tains, rises on an average to about 660 metres. The apple f 

and the grape-vine usually ascend to this elevation, while the — : 
walnut reaches as high as to 1,000 metres. Inthis zonethe ~ 
vegetation of the plain is predominant; the woods consist 
mainly of beeches, birches, alders, larches, and pines, and 
the upper limit of the oak occurs here. The zone of beeches, 
or the lower mountain zone, extends in the Alps to a heat | 

of 1,500 metres, in the Sudetes of Silesia to 1,000, and in the ~ 
Hartz mountains only to 600 metres. The wil the syca- 

more, the service, the hazel-nut, the wild cherry, and many 
herbaceous plants, such as species of Lamz¢um, Plantago, Ar- 

temista, Taraxacum, Asperula, and Chrysanthemum, attain 7 ; 

their upper limit here, and disappear with the beech. At the . 

same time we reach the lower limit of Rhedodendron, — 
Gentiana, Primula, &c. ‘The zone of pines, or the upper 
mountain region, reaches in Switzerland an elevation of ~ 
1,800, in the Sudetes of 1,500, and in the Hartz mountains of me 
1,000 metres. Here we have the upper limit of the — 

spruce fir and larch, while the Rhododendrons attain their 
maximum development. Pinus Mughus and Cembra form 
great forests in this zone of the Alps, extending alog F 
into the next in succession, the lower Alpine region, — | 
ascends to the upper limit of Punus Mughus, an clevatigul 

of about 2,300 metres. In the granitic Alps of Sri ie 
this tree is often replaced by the green alder. — also” 

the highest limit of animal life in the Alps; onl vies Ww 
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species being found at a greater height. ‘The zone of Alpine - 
herbs, or the upper Alpine zone, extends to the limit of 

perpetual snow, 2,800 or 3,000 metres. Of woody plants 

this zone has only the dwarf willows, with perhaps a few 
Rhododendrons, the beautiful mountain heath, 72ca car- 

~ nea, and the single Azalea found in the Alps, 4. procumbens. 
In the zone of Cryptogams, or the snow region, above the 

limit of perpetual snow, all phanerogamic vegetation has 

disappeared ; only Mosses and Lichens are still found, and 

the ‘red-snow,’ Profococcus nivalis, temporarily colours the 
white tracts of snow. 

It will illustrate how the distribution of plants in altitude is modi- 

fied by local circumstances, to mention that in the northern Alps the 

upper limit of the cultivation of the grape-vine is 500 metres, in the 
, central Alps 600, while in the groups of Monte Rosa and Mont Blanc it 

ascends to 900 metres. 

REGIONS OF VEGETATION. 

1. The Arctic Region. 

The Arctic flora embraces those regions of the extreme 
north which le beyond the polar limits of the forests. Its 
character is determined by the shortness of the period of 
vegetation, and the comparatively low temperature during 

this period. The plants belonging to it must be able to 
undergo a period of hibernation of at least nine months 
each year. The portion of them which rises above the sur- — 
face is comparatively small, and their underground stems 
are almost always perennial ; annual plants are almost en- 

tirely wanting. Hepatice, Lichens, Grasses, and Cyperaceze, a 
- few shrubs and sub-shrubs—willows, birches, and Vacciniaceze 

_—as well as evergreen Rhododendrons and Andromedas, 
form the flora characterised [in part] by the size and _bril- 

liant colour of its flowers. ‘There are no cultivated 

plants. In this region occur the ‘Tundren,’ broad plains 
covered with Mosses and Lichens. The Mosses are partial 

to moisture, and hence form the ‘moist Tundren ;’ the 
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on he candy products of the icon fo masses gt 
granitic rock, and form the ‘dry Tundren.’ These latter % . 
furnish food for animals, and are therefore more valuable | 
than the former. | ee e 

2. The Europao-Siberian Forest-Region. — es. 

The general climatic character of this region, which gives _ 
rise to the uniform nature of its vegetation, is the uniform 

average temperature of its entire vegetative period, and the 
absence of a rainless season to interfere with the growth of 4 tae 
its trees. Combined with these is a condition pecuhanl a ie 

favourable to its arboreal vegetation, a period of activity 

also because they retain in the soil and in their tissue larg 

always amounting to more than three months in each year, . a ‘ 
which distinguishes it from the Arctic Region ; while the 
permanent moisture of the ground from constant rainfall, 

separates it from the steppes which lie to the south and from BS 

the Mediterranean district. : . 

On the borders of the ocean, especially on she Adame 
coasts, the sea produces an effect on the climate, moderating ~ 
both the cold of winter and the heat of summer, and thus 
producing a mild maritime climate, in contrast with themore 
widely extended continental climate. The longer duration 
of the period of vegetation, and the gradually increasing — 
temperature of the summer, are noticeable in passing | . ; 
through this region from north to south. ey) 

There are also large tracts of country in Bee the 
forests have been made to yield to cultivation, and whieh a 4 

render the general term for the region somewhat inapplicable. ~ = 
This clearing of the forests in Europe has also made the a 
climate more continental by diminishing the rainfall, ’ 

This destruction of forests alters the climate, not only because — 
the trees shade the ground and hence keep it cooler, bu 

quantities of moisture, which are gradually restored to che 
atmosphere by transpiration. : 
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Dependent on these conditions, the whole of this forest- 
region from the Atlantic to the Pacific Ocean may be 
divided into seven zones :—1, the French zone of the sweet 

chestnut ; 2, the German zone of Pinus Ficea; 3, the 

Eecanatian zone of Quercus Cerris; 4, the central Russian 
zone of exogenous forests ; 5, the “hontneen zone of Coni- 

ferze; 6, that of Quercus ae ; and 7, that of Betula 

ewan? 

- Among all the forest-trees of Europe the beech is the 
most characteristic of a maritime climate ; but the zone of 

the beech passes gradually into those of the chestnut, Pezus 

Picea, and Quercus Cerris. These three zones correspond 
to particular districts of the maritime climate characterised 
by the difference in mean temperature between the coldest 
and warmest months of the year. In the first zone, the 

mean monthly temperature varies between 12°°5 and 17°°5 C. ; 
in the second between 17°°5 and 22°°5 ; and in the third 

between 22°75 and 23°°5 C. The characteristics of the. 
central Russian zone of exogenous trees, of the northern 

zone of Coniferze, and of that of Quercus mongolica, depend 
on their continental separation from the influence of the 
ocean. The broad girdle of forests of the Russian lowlands, 
which consist mainly of oaks, is limited on the north by the 

: decreasing temperature, on the east by the insurmountable 
barrier of the Ural mountains. ‘To the north of it is found 
therefore a belt of Conifers—pines and larches—accompanied 

_ by birches, which reaches to the Arctic Region, and across — 
the Ural through Siberia, till at length it reaches the Amoor 
and the sea-coast of Ochotsk. ‘The zone of the Amoor or 
northern Mantschuria has a completely continental. cha- 
racter. The trees, among which Quercus mongolica is the 
most characteristic, belong for the most part to European 
genera, but to peculiar species ; the Siberian Coniferz occur 

_ here only on the mountains. The last zone, that of Betula 
_ Lrmamni, owes its peculiarity—a long period of vegetation ~ 
with a diminished summer temperature—to the neighbour- 
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hood on fhe one hand of Siberia aie on the other hand of 
the sea. pra Bata, ee 

_ Among the cultivated crops of this region the most re- 

markable are the potato, apple, grape-vine [and the cereal — 

grasses]. ‘Of the latter barley extends the farthest to the 
north, accompanied by the potato. In Europe generally the 
cereals vary with the geographical latitude ; barley in the a 

north, then rye [and oats], and wheat in the southern parts. — 

The apple and grape-vine, on the contrary, are more de- — 

pendent—at least at their northern limits—on direct sun- 
shine, and in consequence flourish there only in the most 

sunny localities. Special mention must be made of the 
turf-forming grasses, and the meadows which they ronan ae , 

found to the same extent in none of the neighbouring 
regions; heaths, moors, and alder-fens are also almost 

peculiar to this region. é “- 

3. Lhe Mediterranean Region. ee a 

The most important peculiarities of the climate wit 
determine the flora of this region are the rainlessness of the 
summer and the mildness of the winter. While, ae 
in the forest-region the chief development of vegetation 

takes place in the warmer portion of the year, in the countries 
which border the Mediterranean, on the contrary, We | 
grow during the spring, remain stationary during the dry ~ 
period of summer, and renew their growth under the influ- 

ence of the autumn rain. This peculiarity shows itself on. 

the mountainous border of the region, and in the neighbors 
hood of the Sahara; but 1s fully developed only on the shores _ 7 
tof fac ‘Mediterranean: The flora of sie Geran plains and e | 
mountains indicates an approximation, sometimes to that | al 

= 7, - 7 

a ge ead 

to Alpine ant Arctic forms. | Bie 
Agriculture has here this advantage ; that the : sae ¥ 

of Swe will Sg sev eral crops in one yea Wes. O 
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characteristic product of this region; the further one advances 
south, the greater is the number of plants cultivated for food — | 
‘or for some other useful quality. Along with cereals, the 

grape-vine and olive, are found the mulberry, maize, millet, 
rice, water-melon, orange, fig, cotton, and even the date- - 

palm, sugar-cane, plantain, and batatas. Many of these ~ 

plants, as well as the Indian fig (Ofuniza), agave, and aloe, 
grow in this region only under cultivation. One of its 
peculiarities is the great abundance of evergreen trees—the 

- laurel, myrtle, oleander, olive, evergreen oak, &c.—as well as 

of thorny shrubs. ‘These latter often cover wide tracts, to. 
the exclusion of almost all other vegetation, preqventy form- 
ing dense thickets. 

4. Lhe Steppe Region. 

A : 
. }} We 

be, hese ? fit r) 
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This region stretches from the mouth of the Danube to 

the affluents of the Amoor ; from the central Volga to the 

coast of the Persian Gulfand the crests of the Himalayas. The _ 

gradual rise of the ground from the basin of the Caspian Sea 

to the Asiatic highlands neutralises the approach towards the 
equator, amounting to 27° of latitude. Throughout this im-.. 
mense region there prevails a uniform alternation of three. 
periods in the year; the severe and protracted winter 1s 

summer, which is succeeded almost immediately by the 
snow-fall of winter. It is only the short spring that is 
favourable to the growth of vegetation. The peculiar plants. 
of the steppes have therefore, in some cases, a short existence, 

in Others special means of protection against the drought 

of summer. Among the most characteristic forms of vege- 
tation are plants with bulbous underground stems, yielding 
a volatile ojl, or covered with spines or hairs. The dif- 

ferent kinds of steppes—grass, salt, and sand—maintain_ 
peculiar forms of vegetation ; trees, or even shrubs, occur 

only where vegetable life is aided by abundance of water 

followed by a short spring, and this by a rainless burning © 

or artificial irrigation. Of cultivated plants, rice, cotton, and 

{ 

; 
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5. Lhe Chino- Fapanese Region. .\ 2 es oe. 

The Chinese lowlands, including the Japanese archipelago, 
have the advantage over Europe of a more regular distribu- 

tion of the rainfall. This is in consequence of the monsoons, 
which extend as far as 40° or even 45° N. lat., and causea 

rainy period in the spring. The extremely regular succession 
of seasons which results is favourable toa careful garden-like 

- agriculture, the chief crops being wheat, cotton, indigo, the 
_sugar-cane, and orange, but especially rice, the mulberry, and 
the tea-tree. There are no meadows or fodder-crops. The 

aboriginal vegetation has been driven back to the high- 
lands. A characteristic of the native flora is the large number 
of trees and shrubs, many of them, like the Camellia, ever- 

*. 
~ 
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6. The Indian Monsoon Region. 1 ia 

This region is not characterised by any special climatal 
conditions, but only by the general phenomena of the tropics. 
Growth takes place exclusively in the rainy season. Accord- 
ingly as the monsoon is a land- or a sea-breeze, is it dry or 

‘moist ; and the monsoon region, in fact, includes*every de- 
scription of climate which is possible within the tropics. — 

On its northern border, for example, its conditions approxi- | 

mate to those of the temperate zone; and at the foot of the 
‘Himalayas there is an immediate rane from the desert — 
landscape to the most luxuriant tropical forests. Besides 
the gigantic forests, characteristic forms of vegetation are 
presented by the savannahs and the jungles. Among the 24 

prominent features of the flora of this region are palms, ~ 
bamboos, and tree-ferns; the banyan, /zcus indica, which 
emits aerial roots from its branches to the ere sae | 
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‘remain in the fruits attached to the branches, and thus, 

like the banyan, can produce a group of trees from a single 
individual ; laurels, teak-trees, lanes, numerous beautiful 

Orchidez, Nepenthacez, and Nymphzacez. The most 
important food-plant is rice. Cotton, the opium-poppy, 
ginger, sesame, and indigo are also widely cultivated crops. 

Among fruit trees and useful shrubs, the coffee-plant is 
grown in Java, cinnamon in Ceylon, the nutmeg and clove 
in the Moluccas; the bread-fruit and the cocoa-nut- -palm 

~ in the South dea Islands, camphor in Borneo, pepper in — 

Malabar and Siam. In addition the plantain, cena and | 
other sweet fruits are universal. 

7. The Sahara. 

This is the region of the unchecked prevalence of the 
trade-winds in northern Africa, northern Arabia, and southern. 

India, and is almost rainless. Any vegetation is possible 
only from the occasional occurrence of thunderstorms or 
dew, or from the rainfall of adjoining regions being carried 
underground as surface-water, and giving rise to springs or 

wells. But it is scarcely conceivable that there are even in the 
Sahara any large tracts in which a scanty vegetation cannot 
thrive at certain times. The nature of the surface indicates © 

four varieties of landscape :—the stony plains of the Ham- 

mada ; the undulating deserts of the Areg covered with shift- CD 
-. ing sand ; the deep gullies or Wadis ; and the Oases. The 
Hammada brings forth only at particular spots scanty thorny 
or leafless shrubs, and sometimes also saline plants. The 
Areg sometimes produces Grasses. The rest of the scanty 

vegetation of the desert, oily and bulbous plants, &c., retreats | 
to the Wadis and the Oases with their date-palms. The 
date-palm is the only tree which has its original and uncon- » 

_ tested home in the Sahara ; the rest, as well as a number of 

other plants, have migrated Pee elsewhere or been introduced 
by man. 
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8 The ‘Sudan Region. 

This region includes Central Africa from 20°N, lak to 20 og. ; 

lat., as well as southern Arabia; and enjoys, in general, a re- ic a 

Eohiae rain only when the rays of the sun strike vertically 
downwards, remaining at other times under the influence of _ a 

the dry trade-winds. Growth is therefore possible only asan 
occasional phenomenon ; and the prevalent character of the 
vegetation is that of the savannahs. Copious dew and sharp ™ 
changes of temperature contribute to render the climate ofthis 

region extremely ill-adapted for the immigration of foreign 
\ 

forms; so that the aboriginal fauna and flora have been © 

preserved in their primitive aspect. A characteristic feature | se 

is the gigantic Grasses, often 6 or 7 metres high ; peculiar to ‘oe 

it are the enormous stems of the baobab and leaves of Wusa ee 

Lnsete. Among the more important useful plants are the 

tamarind, the fig-sycamore, the palms, especially the doom | “i 

palm and the oil palm £/aeds guineensis, and the succulent and 

poisonous arborescent Euphorbias. Acacias and thorny 
shrubs are generally distributed. A not inconsiderable por-. 

tion of the Sudan flora has migrated into Upper Egypt. ae 
South Arabia was at one time treated as a separate region, " 

on account of its balsamic vegetation. 

BRP Ss 

9. Zhe Kalahari Region. 

The Kalahari region extends along the Atlantic coast of. a 
Africa from 20° to 29°S. lat. It is altogether destitute of 
water, and forms a connecting link between deserts, savannahs, » 4 

and steppes covered with shrubs ; and has no oases witha 
settled population, but is tenanted only by wandering nomads. 
Peculiar to this region is the remarkable Wedwitschia (see — 
p- 338); and the most prominent members of the scanty — 

flora are spiny Acacias and other shrubs which almost | aa 

tirely impede locomotion, a number of bulbous and a 
_ plants, Grasses, and the aout African water-melon, pais) Te © 
are no palms. a 
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10. The Cape Region. 

The interior elevated plains of the Cape of Good Hope, 

which lie south of the Orange River, slope downwards through 
rocky mountains or precipitous descents to the level of the 

sea. The climate may be compared to that of the elevated 
plains of Spain. In both districts an extraordinary variety 

of vegetation is promoted by the unequal distribution of — 
_ temperature, of the annual rainfall, and of the humidity of 
the air.. The highest terrace (about 1,000 metres above the 

level of the sea), the Roggefeld, is at times completely bare, 
and at other times is covered only by small compositous 

bushes. The middle terrace, the Karroo-plain (700 metres), 
is also clothed with a uniform steppe-vegetation ; the so- 

called ‘ rhinoceros-bush’ (.Stoebe rhinocerotis) belonging to the 
Composite, covers the widest tracts of country ; it is only 
in August that the soil becomes clothed for a few weeks with 
a luxuriant green, carpeted with numberless flowers, belong- 

ing to the Composite, Liliaceze, Mesembryanthemacee, &c. 

From the Karroo-plain to the coast the character of the vege- 
tation is determined by the evergreen shrubs, constituting 
what is called the ‘bush.’ This is perhaps the richest spot 

on the whole earth in species of plants, and is especially the _ 
paradise of flowers. -Ericaceze, Proteaceze, Euphorbiaces, _ 

_ Stapelias, Liliaceze, Irideze, and ‘ everlastings’ ( Helichrysum, 
belonging to the Composite) are the mcst conspicuous ele- _ 

ments of the vegetation. Especially noteworthy is the 
Priontum or palmet (Juncacez), the stems of which grow | 

so closely crowded together that they detain and impede 
the courses of rivers like wears. 

- 11. Lhe Australian Region. 

Northern Australia has a tropical climate with a summer 

rainy period. In the sub-tropical zone, from 19° to 29° S. lat., 
is a deser: belt in which the reign of the trade-winds is un- 

interrupted. The climate of South Australia may be com- | 
_ pared to that of the Mediterranean, the rainfall being limited — 
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~ Most of the rivers are dried up for considerable periods, ~ 
and leave gradually diminishing ‘creeks’ of water only 
where their beds are deepest. Woody savannahs termed — 
‘orass-lands,’ and thickets of bushes known as ‘scrub,’ — 

occupy the greater part of Australia so far as it has been 
opened to colonisation. ‘The grass-land is a carpet ‘ok 
meadow interspersed with occasionai forests of Eucalyptus, 
and adorned in the rainy season with numerous bulbous —_ 
plants, Liliaceze, Orchides, &c., and ‘everlastings.” The ~~ 
scrub consists entirely of densely interwoven shrubs, ~~ 
Proteacex, Epacridez, Myrtacee, Leguminose, &c., among. a 
which rise sometimes lofty trees, Eucalypti and Acacias; © 
but is destitute of herbaceous plants and grasses. In the, <3 

_ valleys of the creeks there is only a dense scrub; and here, ~~ 
among other plants, are found the Casuarinas (she-oaks), 
palms, and the grass-tree, Xanthorrhea. In addition, 
Australia has also, like the Asiatic steppe-region, grass-, “4 

salt-, and sand-steppes. c seg! 

12. The North American Forest- Ree Fgh ea a 

The regions of vegetation of North America correspond 
to those of the eastern hemisphere. A’ broad forest-zone 

passes through the whole continent from Behring’s Strait to 
Newfoundland, and southwards as far as Florida and the _ 
mouths of the Mississippi. ‘The narrow strip of coast of 

~ California may be compared with the Mediterranean region 
im its rainless summer period ; and the Asiatic steppes.cor- 
_respond to the prairies between the Sierra Nevada and_ the 

Mississippi. ere 

AS compared with the Europzo-Siberian, the Ameneaa hg 

_ forest-region is colder in the same latitude, and the difference a 
may be estimated as, on an average, one of 10° of lat. ‘Thus, — 
for example, ne ies annual are at N ew York, in 
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portions, but increases gradually towards the north. The 

temperature diminishes very rapidly as we advance north- 
wards, the cold waters of the Polar sea having no sufficient 
outflow southwards through the narrow Behring’s Strait and 
Hudson’s Bay. Europe has also the advantage of a less 

variable maritime climate, from the inland seas penetrating | 
to a greater depth. In consequence of this, New York has 
the summer-temperature of Rome and the winter temperature 

of Copenhagen ; Quebec the summer of Paris and the winter 

of Petersburg. The character of the vegetation is determined 
by this alternation of summer and winter temperatures. 
The northern belt includes the zone of Pinus alba 

and gra, which in America replace the European firs. 
Coniferous forests, the individuals of which are often of an 

immense size, mixed with a few exogenous trees, mark, in 

the zone of the Oregon pine, the passage to that of de- 

ciduous exogenous trees. These forests are distinguished 
from the corresponding oak- and beech-zones of Europe by — 
the greater variety of their oaks, and by the species of elm, 
ash, and maple. ‘The forest-zone of the Southern States . 

is, as in South Europe, characterised by evergreen ex- 

ogenous trees intermixed with representatives of tropical 
families. In its moist summer the climate of these States 

resembles that of China; the most noticeable crops are 

cotton, rice, and the sugar-cane. But these advantages are 

again partially counterbalanced by the sandy and marshy 
nature of the soil from Louisiana to Virginia, [the Great 

Dismal Swamp], covered by Pinus australis, and by the 
almost inaccessible swampy lowlands of the Atlantic 

coast. 

Most European crops thrive in North America as well as 
with us; but the great alternations of temperature are un- 

favourable to the more tropical species, as the orange. The — 
maize is cultivated to higher latitudes than in Europe, while ~ 

- the cultivation of the grape-vine is scarcely anywhere carried 
on with much success. ° 
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13. The Prairie Region. We 

_ The prairies, the steppes of North America, are treeless 
plains, in which the severe cold of winter is succeeded by a. ff, 

short period of active growth ushered in by a transitory ee 
rainy season, and a dry rainless summer. ‘The cause of the 
summer drought is the dryness of the prevalent western aa 

Pacific winds ; and this is the result of the moisture of the ve i x 

air being previously withdrawn by the Rocky Mountains — 
and the chain of mountains along the Californian coast. 

The heavy rains which fall on these mountains are, it is 4 
true, the feeders of great rivers which cross the prairies ; but 

these water-courses, which are often of great size, the | © 

affluents of the Mississippi, the Colorado, and the Rio — 

Grande del Norte, are of but little service for the irrigation cee 
of the soil, because they have worn their way down ~ § 
into the soil, often to such a depth that no arable land 
is left in the deep chasms or river-beds known as ‘ cahons’ ; 
and sometimes there is not even a belt of trees by the side © 
of the stream. The south-western portion of the region. “ t 
is covered by an inhospitable salt-desert, where the soil is - 
often completely bare, or produces a vegetation consisting 
almost entirely of a few sparse Chenopodiacez and social 
Artemisias. There are, however, here and there in the Pree 
vailing desert, a few scattered oases, among which that of the — 
Great Salt Lake is the most important. A contrast to the - 

salt-desert is afforded by the northern portion of the 
Tegion, a true grass-steppe, the home of the bison; while oe 

in the south agaves, aloes, and yuccas abound, and — the a 
Cactacez attain their maximum development. The few a 

trees and shrubs which are found here and there on the a 
banks of the rivers and slopes of the mountains, have mostly . 

migrated from the forest-region. Among the characherleal Oe 
- forms of vegetation are the Mimosez, especially the genus — 
Prosopis, which forms by itself the feature in the. landscape a 
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known as ‘mezquit,’ while, associated with other thorny 
shrubs, it constitutes the ‘ chaparals.’ 

14. Lhe Californian Region. 

The climate of this strip of coast, which is of a purely 

maritime character, is determined by the uniformity of 
the temperature—that of summer and winter differing by 

- only a few degrees—and the regular alternation of a moist 
cooler season with a rainless summer. In the mildness and 
short duration of the winter, in the rainless summer of tne 
forest-region beyond the Oregon, and—in contrast to the 

prairies—in the length of the period of active growth neces- 

sary for the development of arborescent vegetation, the 
climate of California resembles that of the Mediterranean, ' 

although the mean temperature is not so high. The © 
_ culture of the vine has struck root here, and that of cereals 

and fodder-crops yields in places extraordinary results. 

Arboreal vegetation here attains its maximum development 
in the gigantic mammoth-trees, the Seguoza [or Wellingtonia] 

_ _gteantea, the loftiest of known trees. Other gigantic though 
somewhat less lofty conifers, and evergreen exogenous trees, 

- oaks, limes, ashes, and willows, shrubs allied to the oleander, 

_myrtle, and heaths, as well as numerous smaller bushes and 
grasses growing in great masses, complete the flora of this 

- small but remarkable region, which often assumes a park- 
like character. 

15. Zhe Mexican Region. 

This region may be divided, according to its elevation | 
above the sea-level, into three zones:—the gulf-zone, the’ 

zone of the Mexican highlands, and the Pacific zone. The 

first, a narrow strip of coast, rises above the dry sea-shore in 

gently sloping grass savannahs, interrupted here and there 
_ by woody tracts, and even by groups of palms. A much 

. GG 
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ravines, the ‘barrancas,’ which score the volcanoes on ae 2 

-pulque. The forests consist chiefly of oaks and Coniferee. ‘Sb 4 

was the only crop. The forests, however, soon disappear 
on ne coasts ; the ign St became the pie ee 

richer vegetation of tropical “growths fills hes moister 

sides. ‘The upper portion of the tropical zone is covered _ a 

by damp mountain-woods with evergreen foliage. _Asso-. a 
ciated with the lofty exogenous trees are tree-ferns, - ares ' 
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borescent Liliaceze, numberless lianes, among which are the a 
sarsaparilla and the vanilla, an immense variety of copiously 

flowering Orchideze and Bromeliacez, including the pine- 
apple. The cultivation of the coffee, plantain, and a 4 

cane are here carried on with success. A striking contrast — 
to this wealth is presented by Yucatan, the chief product: of 

which is its logwood forests. The highland of tropical — 

Mexico enjoys an extremely uniform climate, with a tem- 4 

perature resembling that of the summer at Paris. In the : ; 

character of its vegetation, its agaves, spiny Mimosas, and» 

cacti, it approaches the southern prairies, but 1s admirably’ _ 
adapted to the cultivation of the olive, mulberry, and vine, 
and especially of the agaves which yield the drink known as 4 

ee 

The gradual slope of Mexico towards the Pacific, or Pacific 
zone, has a less uniform character than the narrow Gulf- — 

zone. Its flora is less rich than that of the Gulf-zone, the | § 

rainfall being less; but the sea-coast is bordered ig as 
tropical forest which yields logwood and the cocoa-naut. 

16. The West Indian Region. 

The West Indies form a phyto-geographical region of 4 . 

their own. Each of the solstices is followed by a rainy — ? 
season. which causes the West Indian archipelago to be well — 

wooded to the tops of the mountains. The present vegeta- 
tion is, however, different from the aboriginal. When first 

discovered by Europeans the whole of Jamaica was sie 

entirely covered with mahogany trees and Cedrelas ; 

tye § 
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- Since the emancipation of the slaves, these crops have been 
-- to a considerable extent replaced by pasture land; and even - 
the meadows are being changed by the introduction of foreign 

grasses, 

17. The Cts-equatorial Region of South America. 

The shores of this region are covered with dense 

forests, while in the interior of the continent, where the sea-. 
_ winds have been deprived of moisture by the action of the 

. chains of mountains, extend the great savannahs of Guiana, 
and the boundless llanos of Venezuela, covered by an ex- 
traordinarily rich fauna, and characterised by a sharp contrast 

of dry and moist seasons. ‘These forests, which clothe 
especially the shores of the Amazon, are mostly evergreen, 

with but few Conifers, and marked bv Passifloracez, Pipe- 

_ races, Phytelephas, Tabernemontana, and a great variety of - 

_ palms. The savannahs are grass plains sprinkled but sparingly 
with trees ; in the spring they resemble the northern prairies, 

splendidly gay with the most brilliant flowers ; while in the ° 
autumn they produce thinly-sown corn-crops, till the com- 

mencement of the rainy season brings again the grass and 
the flowers. The llanos are grass plains often entirely 

destitute of trees, sometimes dry deserts, at others flooded | 

by continuous rain. 

18. The Amazon Region. 

_ The uniformity of a tropical temperature, and the regu- 
lar increase of moisture, produce on the banks of the 
Amazon and neighbouring streams a forest-region known as 
‘Hyleea.’ In the main stream the greatest height of the 
water exceeds the lowest by as much as from 13 to 17 

metres ; and since tne shores are perfectly flat, the forest is 
flooded every year on both sides of the river to a breadth 

of several geographical miles. This tract of country is 
_ known as ‘igapo,’ consisting of forests in which the trunks 
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aes. Among the more iniportlay trees. are. a 

Lauraceze, and Ficuses, intermixed with and overtopped by | 

magnificent palms, among which is the Moriche- palm, 
Mauritia flexuosa; there are no woody hanes. Beyond - of 
the region of the floods are the Ete- or Guacu-forests, in - 
which the prevalent forms are the dusky Lauracez, with the » ts 4 

brazil-nut, Lertholettia, covered everywhere by stout lianes. : 
The forests on the Rio Negro differ from those near the 
Amazon in the rarity of palms and lianes. The natural — 
products of all these forests are unbounded :—brazil-— 

nut, caoutchouc, cocoa, vanilla, sarsaparilla, with valuable ° 

woods, vegetable fibres, and medicinal plants in the greatest | ‘ 
variety. 

19. Zhe Brazilian Region. 

Along the whole of the south-east coast of ‘Brake 
stretches a chain of mountains, the Serra do Mar, rising to 

an elevation of 7,000 feet, the slopes of which are exposed _ 

to the trade-wind, and collect a considerable amount of 4 
moisture. This is succeeded in the intenor by a broad | 

table-land consisting of argillaceous slate, deprived | oy 4 

the Serra do Mar of the Atlantic moisture, and therefore _ 

covered everywhere, except where there is running water 

or bogs, by savannahs, called in Brazil ‘campos.’ Here, 
in the southern summer, the rainy period produces, as. at 3 
by magic, a vegetation which is dormant during the dry 

- season, the alternation being exhibited espacial in the | 
widely distributed savannah-forests, the ‘catingas.’ The 

campos are naturally divided into a northern plain, 
central table-land, and southern tracts beyond the tropi 
In the northerly campos, as in the llanos north of 
ra eae the savannah- -grasses flourish with pa lone | 
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- increases with the elevation of the ground ; and JZelozo- 

_ ¢actus takes the place of the columnar forms. Both sections 

possess thickets and forests, but composed of different 

trees. The almost unmixed groups of Araucarta brasiliensis 
are peculiar to the southern savannahs. To the west the 

savannahs extend as faras the affluents of the Paraguay and 

_ Madeira. Here, as on the coast, we come again to prime- 

val forests, the ‘ pantanals,’ of a tropical luxuriance, which, 

like the forests of Hyleea, owe their peculiarities to running 

_ water. ‘To the south of these the plains of Gran-Chaco, and 

-_ the woody highland of Paraguay, alternating with open grass- 
plains, almost entirely fill up the space between the Andes 
and the southern table-land of Brazil. Here are found the 

forests of ‘algarob,’ belonging to the Mimosez, and a 

Brazilian wax-palm, Cofernicia cerifera. 

20. The Tropical Andean Region. 

Throughout almost the whole of this region, like the ve é 
- last, there is a natural distinction between a chain of moun- 

tains rising almost immediately from the shore of the Pacific, 
forming a kind of littoral cordilleras, and an eastern series. 

“ef peaks which slope down to the broad lowlands of South 

America. In Peru and Bolivia the western chain includes 

an extensive highland, the Sierra or Puna district ; while on ~ 
the southern tropic both the ridge and the peaks disappear, 

and give place to the desert of Atakama. The Pacific 
coast of this entire region is an altogether rainless country, 
which is only watered in winter by slight mists, the ‘ garuas ;’ 
the Antarctic current of Humboldt which skirts the coasts 

bringing constantly fresh quantities of cold water, and 
_ causing the condensation of the aqueous vapour brought by 

the sea-winds. Drought prevails therefore not only on the 

_ land, but also on the sea, as is shown by the guano-deposits 
of the Chincha Islands. Only on the shores of the short 

rivers, or by means of artificial irrigation, can cultivation be 

Botanical Geography. cert 453 
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carried on in detached spots. Even the higher portigae of 

Guttiferee, Scitamimeze, and especially the most important — ‘ae 

and the thickets and thin woods which occur in the provinces — 

_New Mexico. The nature of ‘the vegetation is here deter- 

of the rainfall takes place in the form of ‘dudes thunde 
-Storms, while at other times the air 1s ee ony fe 

the coast-range, as well as the Puna district, are treeless, but - 
are covered with an Alpine herbaceous and shrubby vegeta- 

tion. A richer tropical vegetation is to be met with ey thee | 

Peruvian Andes only on thé eastern slope of the eastern _ 

Cordilleras, or in the valleys which intersect the Puna bs) 
district with deep rocky channels, and lead to the lowlands — q 
and the sea. A long rainy season in summer is here a 

source of inexhaustible fertility ; coffee, the plantain, sugar- a4 

cane, and cocoa, are the cultivated crops. While the — 

botanical features of the district at the foot of the Cordilleras. 4 4 
and in the deep valleys, merge gradually into those of the 
Brazilian flora, the upper belt of woods, the Ceja of the 
Montafia, present some peculiar features, tree-ferns, palms, — ¥ q 

ae 
of all, the Czzchona or Peruvian bark. a 

21. Lhe Pampas Region. Dist 

By a Pampas is meant a treeless pasture-land covered. 
with grass ; but in the region of vegetation so designated 
must be included the whole country extending from the — 
boundary of Brazil, where the regular rainy seasons of the 

tropical zone cease, across the States of La Plata and Pata- 
gonia nearly to the southern extremity of the Srna 
The true pampas resembles the grass plains on the Missouri; — 

of La Plata lying nearer to the southern limit of the tropic, — 

resemble the chaparals or mesquit-thickets of Texas and | 

mined by the distribution of the moisture ; the greater part. 

- 
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_ the arborescent vegetation. The climate is not, however, in | 
- . itself unfavourable to the growth of trees, as is the case with 
_ the prairies and the steppes of the Old World. In Uruguay | 

generally the cultivation of trees is possible ; in Buenos 
__ Ayres the peach is grown for the sake of its wood. 
The Pampas-region may be divided into three zones :— 

the interior north-western Chanar-steppe ; the true Pampas; 

and the southern plains of Patagonia. The first is not oc- 
cupied to any great extent by grass, but is chiefly covered 

by underwood, especially the chanar-shrub, an Acacia known 

as ‘espinillo,’ and species of Cactus. At the foot of the 
Andes it includes some salt lowlands, the Argentine 
‘salinas,’ where the vegetation consists of only a few saline 
plants. The true Pampas are grass-plains, in which the 

trees are confined to narrow strips of low woods along the 
rivers. ‘There are scarcely any native shrubs or herbaceous 

plants ; but some from the south of Europe have become 

naturalized ; thistles and fennel have increased to an enor- 

mous extent ; Onopordon acanthium has entirely displaced the 
grass over many square miles, and forms impenetrable 

thickets, exceeding a man’s height. Where the grass-steppe 

Vir Py AF 

ceases, at the Patagonian Colorado and Rio Negro,alow, | 
‘sparse, thorny, shrubby vegetation begins, growing among 
louse stones, until at length this also becomes scarce, and 

the arid ground, parched by the dry air, produces only a 
few tufts of a hard brown grass. A small Acacia, which is 

- found alone and solitary in the neighbourhood of the Rio 
Negro, is so remarkable a phenomenon to the natives that it 
is regarded as sacred. | 

22. The Chilian Transition- Region. 

This region, which includes the northern and central 
provinces of Chile, enjoys a climate similar to that of the 
Mediterranean ; but the season of active growth is interrupted 
by longer periods of drought ; for during one-half of the 



the foliage of the bushes is to a considerable extent replaced ‘ 

_of the trees preserve their foliage throughout the year. But | 

year vegetation appears dead and the (ae see barren, 

Even on the sea-coast there is no great. quantity of trees ; 

by spines ; and the desolate character is intensified by” the. 
wildness of the naked mountains untouched by sea- breezes. Ss ae 

Tropical forms of plants are nowhere found. AE ee 

22.8) he Antarctic Forest-Region. Reet. 3 4 
\ ay 

The Antarctic flora may be compared with that of thes me 
north of Europe and of the European Alps. As in northern : § 

Europe, the equatorial currents of moist air alternate i irregu-_ Ss 
larly with the clear sky of the polar currents ; and the rainfall _ 

is, In consequence, distributed through all the seasons of the » 4 
year, and vegetation is usually plentifully supplied with — 

moisture. But since this rainfall is associated with a milder 

winter than in the northern hemisphere, the greater number 

notwithstanding this uniform temperature, there is, even in — 

southern Chile, where snow and frost are unknown, a distineeet a 

period of repose of vegetation during the winter. While - 

even in the last (Chilian transition) region an increase in the _ 
vigour of vegetation coincides with the rainy season, the 
deciduous trees here lose their leaves at the time when — a 
the greatest quantity of rain falls and the cmp is also 

falling. 

The Antarctic region may be divided into a northern. - 

and a southern zone. Forest prevails everywhere. © Tas the — 
northern zone, which includes also the.island of Chiloé, the | 4 

forest 1 1S composed of a ee number of trees belonging to | 

ware ts a 

and even RAiibbOR lianes and parasites cover the stem 

and fill up the space, as in the tropical forests, but not wit 

the same abundance of forms. In the southern: zone, on t 

other hand, almost the only trees are beeches ; but sin 
the most common deciduous species, hei: antarctic 
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accompanied by an evergreen kind, the general aspect of 
the forests is quite different from that of northern Europe. 
It is only in the extreme south, where the diminished tempe- __ 

-rature and the moisture which remains in the ground are 

favourable to the formation of peat, that the forests yield to. 

open moors. But the vegetation of these moors is peculiar, — 
consisting of a saxifrage and a plant allied to the lilies, as- 
sociated with cranberries, Ranunculi, and rushes. 

24. Oceanic Lslands. 

The native plants of islands often differ considerably 
from those of the nearest continent ; the aboriginal flora 
has been preserved in greater purity than elsewhere ; and it 

is to insular floras of this character that the important theory — 
of the migration of plants owes its origin. 

- The Azores, Madeira, and the Canaries, an archipelago 
_ formed of lava and volcanic rocks, possess a flora altogether 
independent, but enriched from without, and known asthe 
Atlantic Flora. That of the Azores resembles the Mediter- | 

ranean fiora; evergreen shrubs and forest trees belonging to ~ — 

the Lauracee, together with beautiful Ferns, cover the 
greater part of the islands. Madeira was, at the time of its oie, 

discovery, completely clothed with wood down to the shore. 
But the so-called cedar of the island, a timber-tree with a — 

valuable scented wood, disappeared after a great forest-fire. 
_ The vegetation has been completely altered by cultivation. 

Together with the sugar-cane, which has taken the place of 

the vine-—-the latter having been almost destroyed by the 
vine-disease since 1852—the plantain has been generally 
cultivated ; tropical fruit-trees are abundant ; but there are 

no palms. Other noteworthy native plants are the dragon- — 
tree Dracena, the luxuriant forests of laurels, the shrubby — 

heaths, magnificent Ferns, and dense underwood, which 

characterise the district of the thickets above the laurel- 
woods. The flora of the Canary Islands has an African 
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of the vine-disease ; and the Opuntias, which serve for the © 

_ rays of the sun that it is impossible for the aqueous vapour 

_ was ascarcity of wood, when the goats were taken away and - 

refreshed by a steady trade-wind and two rainy seasons, iS 
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iardettr in its Bes districts ; - the prevalent foe ete” 

the date-palm, and tamarisks. ‘These districts are general 
arid, especially since the change introduced in consequence — 

nourishment of the mochineae aphis, have become one of. the 
most important objects of cultivation. The remaining - dis- 

tricts, characterised by laurel-woods, thickets, pines, and 
Genistas, indicate an Atlantic flora, although the evergreen” 
woods have been to a large extent destroyed. cari 

wa he Cape- -de-Verde Islands differ from those already 
mentioned in their more tropical climate. The rocks — 

and loose stones, uncovered by wood or even by the least — 

stratum of soil, are heated to so high a temperature by the | 

brought by the trade-wind to become condensed ; and since ~ 
there is sometimes no rainy period the vepelian of the 
islands 1s sparse. Four-fifths of the surface is said to be en- - 
tirely unproductive ; the only cultivated plants are a few 
introduced cocoa-nut and date-palms, coffee-bushes and a 

fruit-trees. The native flora is generally similar to the: ke a 

Atlantic, while the introduced plants indicate the proximity | 
of Africa. one 

The volcanic island of St. Helena was, at the time of its | 
discovery at the commencement of the sixteenth century, — 

--covered with wood, but the young branches were so com-- Ri: 

pletely destroyed by introduced herds of goats, which in-~ 

creased with great rapidity, that three centuries later there | 

trees introduced from all parts of the globe. The climate, 

Searle fertile ; but the introduced plants, ands es- 3 

_ Madagascar, penetrated by ere chains of granite mou 
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‘or occupied by lagunes, has a seven months’ rainy season. 
- The greater part of the isiand is in consequence covered 
with moist tropical forests bordered in the interior by elevated 
grass savannahs. In the south a scanty thorny vegetation 

prevails. The most remarkable product of the forests is 

the ‘travellers’ tree,’ Aavenala, a plantain, the fan-shaped’ 
leaves of which are hollowed out at their point of insertion 
into a spacious cavity in which water is caught and retained, 

so that when pricked they give out a refreshing fluid. 

Here is also found the aquatic Ouzirandra or lattice’ 
plant, the leaves of which consist almost entirely of a 
perforated lace-like network. There are also epiphytic 

Orchids with enormous flowers, tree-ferns, impenetrable — 
lianes, heaths, bamboos, pitcher-plants, MWéesenthes, and a 

few palms. 

_ The flora of the Mascarene Islands (Mauritius and 
Bourbon) is allied to that of Madagascar. That of the- 
Seychelles is distinguished by the double cocoa-nut, Lodoicea - ~ 
| Seychellarum, with its gigantic fruits. 

The Sandwich Islands enjoy a climate resembling that 
of Jamaica. In Hawan plantations of the cocoa-nut palm— 

and bread-fruit alternate with sugar-cane fields ; and above 

the cultivated plain a belt of wood surrounds the volcanoes. 
The commonest native tree, an Acacia knownas ‘koa, raises 

its crown of leaves above a dense thicket of evergreen 

underwood. ‘The once abundant sandal-wood has already 
_ become scarce from the demand for its timber. 

- The flora of the Feejee Islands approaches nearest to 

that of the Indian monsoon region. To the summits of 

their basaltic mountains they are ‘covered with the most 
luxuriant tropical vegetation. The most important food- 
plants are the plantain, cocoa-nut palm, bread-fruit, and in 

the cultivated fields tapioca (Arum esculentum), yams, Tacca, 
and batatas. | 

New Caledonia exhibits in its flora a resemblance to 
that of Australia. Its woods are destitute of undergrowth ; 
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distances ; its stony mountains are barren. es 

excelsa. 

shrubs and Cactacee almost destitute of leaves, we find on 

‘tropical character. More than one-half of the species are 

endemic (7.2. peculiar to the islands); the rest have migrated — 
| from the shores of the Isthmus. 

ing with grassy plains. No considerable immigration — of : 
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Myrtaceze are scattered over its ee grass- “plains at wide 

The Ares of Norfolk Island, not unlike that of New: | 
Zealand, is remarkable for the Norfolk Island pine, Araucaria ea 

New Zealand is more nearly related in its flora to the 4 
forest region of south Chile than to Australia, which lies so — “a 
much nearer. The evergreen forest, composed of Myrtaceae a 

Lauracez, and broad-leaved Conifers (among them the — 
‘Dammara australis) includes also tree-ferns and arborescent — 
Liliaceze, and 1s often rendered impenetrable by dense thickets 
of lianes. Shrubs and Ferns mixed together clothe the — 
open slopes of the mountains and the dry plains; Ferns are 
often the sole representatives of the grass of other countries, ‘4 
and clothe boundless stretches of open land; so that-some, 
resemblance may be traced, in the abundance of its fem 
vegetation, between the flora of New Zealand and that of 
prehistoric times, especially of the vegetation of the Car-— a 

boniferous formation. Among the Ferns Pteris esculentais  ~ 

noteworthy for supplying food ; and of other native products 
the valuable New Zealand dae Phormium tenax, aie ie 4 

to the Liliacee. Tarek 
~The uninterrupted southern trade-winds ini to the — 

BT ipekso of the Galapagos Islands an arid climate. 

Ascending above the lava fields, covered with light dwarf ~. 

the mountains a tolerably luxuriant forest-flora, but with no- 

Juan Fernandez is densely covered with forests alternat: ‘ 

foreign plants has taken sam and the forests are covered 
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_ The Falkland Islands are densely covered with lofty 
grasses which have extended themselves over immense layers 

of peat. | ? 
_ .. The vegetation of the basaltic Kerguelen’s Land, like 
that of the Falkland Islands, consists of a few Grasses inter- 
mixed with tufts of an Umbellifer. There are no woody 
plants. The most interesting species is the ‘Kerguelen’s 
land cabbage,’ a Crucifer, Pringlea antiscorbutica [ differing 

from most of the Cruciferse of Europe by being mostly wind- 
fertilised]. 

In the extreme southern latitudes south winds laden © 

with snow alternate with northerly currents of air saturated  _ 
with aqueous vapour, and perpetual white fogs of unparal- 

leled density spread over the surface of the sea. These fogs 

are formed also on the islands which lie near this zone, 
almost entirely depriving them of the rays of the sun. Both 

Botanical Geography. aa 461 2 

flora and fauna are extremely scanty. .The remarkable 
difference between the climates of the two polar zones depends — 

on the great excess of water in the extreme southern latitudes, 
on the consequent cloudy sky, and on the masses of icebergs 
which break loose in the summer, and, in melting, reduce 

the temperature of the better part of the year. Butin these 

- southern latitudes, where life is now so scanty, there was 

once a warmer prehistoric epoch ; for, like the extinct forests~_ 
of Greenland, the evidence of well-preserved fossil stems — 

proves that a luxuriant arborescent vegetation once inhabited 
Kergueien’s Land. 
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Abstriction, 267. 
_ Acanthacez, 382 

Acicular, 94. 
' Acorn, 154. 
Acotyledones, 156, 247 

_ Acuminate, 97. 

Algz, 244, 247. 

ABI 

, BIETINE, 337. Fig. 454, 458, 459 
Abnormal phenomena, 21 

Abortion, 217 
Absinthe, 391 

Fig. 1, 398 1. 

Acaulescent, 76 
Accrescent, 126. 134. 
Acerose, 94. Fig. 454 
er. Bao. BEA. 2 P2225 930, 327, «SOT, 

Fig. 234, 496 

Pai iacdedus (applied to a _ flower 
which has neither calyx nor corolla), 
Fig. 201, 202 

Achorion, 275 __ 

Fig. 454 
Fig. 303 

Acrocarpi, 308. Fig. 427, 432, 433 
Acrospore, 267. Fig. 393 IL, 398 

Fig. 164 
Adaptation, 215 
Adhesion, 116, 219 
Adnate, 91, 140. Fig. 182, 282 
Adventitious buds, 82 

_ Adventitious roots, ix., 675. Fig. 115, £21, 
348, 436 
Ecidiospore, 273 

_ ZEcidium, 273, 274 
Aérial hyphz, 279 
Aérial roots, 73 
féstivation, 84. 
7Ethalium, 284 
Age of plants, 235 
Air-bladder, Fig. 387, 380 
Air-cavity, 318. Fig. 86, 444 
Alz, 132, 400. Fig. 253 
Albumen. See Endosperm 
Albuminoids, 30, 173 
Albuminous, 156, 190. Fig. 305, 333, 355 
Alburnum, 365, 367 
Aleurone, 31 

Fig. 124-131 

Fig. 38, 41, 54, 56, 58, 
59, 81, 82. 380-391 

Alismacez, 351 - 

ANT 

Alkaloids, 31 
Allspice, 399 
Ailuvial formation, 431 
Alpinus, 4 
Alternate, 87 
Alternate zstivation, 84. Fig. 129 
Alternation of generations, 178, 190, 253, 

272, 296, 300, 315 
Amaranthacez, 374 
Amaryllidez, 349 
Amazon region, 451. Ans 
Amber, 430 
Amentacez, 375 
Amentales, 374 
Amentum, 121, 375, 379- 

485 
Ameeboid movement, 284 
Amomales, 348 
Ampelidez, 407. 
Amphigastria, 297. 
Amplexicaul, 92. Fig. 148 ’ 
Amygdalez, 406. Fig. 325 
Anatomy of plants, 2, 5, 6 
Anatropous, 146. Fig. 300 II. 
Andrezacez, 306. Fig. 429 
Andreecium, 111, 137 
Androspore, 252. Fig. 385 
Anemophilous, 184 
Angiocarpous Lichens, 288 
Angiosperms, 246, 358 

Fig. 223, 481, 

Fig. 196, 257. 265 

Fig. 424, me 

Angustisept, 413. Fig. 530 11. 
Annual, 76, 235 
Annual ring, 362 
Annular cell, 20. Fig. 31-34 
Annular vessel, 47 
Annulus, 264, 314. Fig. 392, 393, 440 
Anonacez, 416 Pa 
Antarctic forest- -region, 456 - 
Anthela, 122 
Anther, 137. Fig. 267-286, 459, 461 Il. 
Anther-lobe, 137. Fig. 267-260, 468 II. 
Antheridial receptacle (a group. of — 

antheridia only), Fig. 422, 427, 431°” 
Antheridium, 245, 251, 279, 299. 315 

g21. Fig. 384, 403, 431, 441, 442, 445. 
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-_ Apopetalous, 129. Fig.: 

_ Aposepalous, 124. 

'Ascophorous hyphz, 288. 

_ Atropous. 

, Ce AE 
t isthencaaid, 200, 251, 271, 203, 315. 

Fig. 371, 384, 385, 389, 420, 427, 428, 
442, 445, 449, 451 

Anthocerotez, 300.. Fig. 42r 
_ Antholysis, 222 | 

- Antipodal cells, 188. Fig. 360 
Apetalz, 374 

. Apetalous (having no corolla), Fig: 207, 
259 

Aphides, 233, 458. 
Apica! cell, 55. Fig. 83 1. 
Apiculate, 105 

» Apocarpous (applied to an ovary or fruit, 
- the carpels of which are not united), 

Fig. 314, 315 
Apocynacez, 387 

232, 250, 252, 
255 

Apophyllous, 134 
Fig. 231-223 

Apothecium, 288. Fig. 409, 413, 414 
Appendages, 141, 154, 155. 1 

285, 319, 328, 329 
Appendicular organs, 72, 86 
Apple, Fig. 519 
Applied botany, 2 
Aquatic roots, 73 
Arales, 354 

_ Araliaceze, 398 
Archegonial receptacle (a group of 

archegonia only), Fig. 422 
Archegonium, 245, 299,. 315,321. Fig. 

422, 428, 441, 445, 451 
Arctic region, 437 
Areg, 443 

_ Arillode, 155 
Arillus, 154. Fig. 328 

- Aristolochiacez, 378... Fig. 279 
Aristotle, 3 
Aroidez, 354. Fig. 194 
Artificial systems, 239 
Asarales, 378 
Ascidiform, 107. Fig. 193, 356 
Ascidium. See Pitcher 

- Asclepiadez, 387. Fig. 355 E 
Ascogonium, 283 
Ascomycetes, 263, 282. 

396, 399, 405, 408 
scophore, 282 

Fig. 375, 304- 

Fig. 413 
Ascospore, 268, 280. Fig. 390, 405 
Ascus, (sac) 268, 280, 282, 288. Fig. 395, 

399, 405, 413 
_ Asexual reproduction, 178 
Asexual reproductive cell, 178 
Assimilation, 161, 172, 213 
Asterales, 388 

See Orthotropous 
_ Auriculate (shaped like an ear), Fig. 185 
Australian. peewe, 445 

_ Auxospore, 256 
Fig. 462, 463 

or acentation, 145. Fig. 297 
_ Asill ary, Fig. 138 j 

peg Sie PRES foe gh an ak foe 
we ; 1m / . 4 4 : or ‘ @” Pod f. us my Ny oe 

Mai Glossarial Lndex, fhe) eae 

ae, Sh é A eal RAGE RY inet NL 
; % . fae “ ‘4 ‘ 

. Waite bud, Ba" | 

Fig. 283~— 

Fig, | 123. 
Axis, 70, 220. | vad 97) 995 368, 
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BACILLARIEA, 256 1) Satie 
Bacteria, 259, 270, ae 

Balanophoraceze, 380 28 Pe oie 3. 
Balsam, 402 bs aa 
Bamboo, Fig, 464 46s Ly © ae Sree 
Banyan, 75, 442 t re CR nae 
Baobab, 40g eat Oe Yr 
Bark, 357. Fig. 66, 67, 351, ‘3524 1 yates 
‘Barrancas,’ 450 Pe ee ee 
Basidiomycetes, 282. 
Basidiospore, 267. 
Basidium, 267. 
Basifixed, 140. 

Fig. “6s, saersoem i 
Fig..303,'3605 5 ¢ ae 

Fig. 393, 398 pat 
Fig. 280, 281, 283, cap : 

Basilar, 143. Fig. 290 

Bast, 66, 357. Fig. 63, 94, 472 B, 476 fu. 
Bast-bundle. Fig. 95, 477. ee 
Bast-cell, 368. Fig. 17, 18, 26, 66, Ae a 
Bast-fibre, 48, 341, 368. Fig. 14, 555, ° Sh2 ey a 

Bignoniacez, 382. 
Bilabiate, 125, 129, 382, 390. 

248, 489 op 
Bilocular, 140, 144. 

315 1l., 317 
Binomial nomenclature, 238 | ie 
Bipinnate;'103. Fig. 243,089) ee 
Bisepalous, 125. Fig. 233) * Hee in 
Biseriate (in two rows), Hig. 228 Soi 
Biserrate, 99. Fig. 170 Dee. 
Bisexual. See Heaaphaiae ay 
Biternate, 103. Fig. 188 ae 
Bixacez, 414 
Bladder, 185. 
‘Bleeding,’ 233 
Bock, 3 "> 
Bonnet, 6 
Bordered pits, 19, 365. 

27). Gowen 
Borraginez, 385. 

245, 262 
Botanical geography, 2, 432 i 
Botrytis, 275 a 
Boussingault, 6 ai 
Bract, 86, 116, 220. Fig. 20 
Praucheraie ne Ras fe 

Fig. 329). 2 
Fig. 239, $i By 
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93> 95» 476 7 si 
Bast-tube. See Bast-fibre / vais 
Bist-vessel. See Sieve-tube Pg ee. 
Bauhin, 4 mee ey ik. 
Beet- disease, 231 Pe A, Peat 
Begoniacez, 399 A 
Bentham, 6, 243, 355 ae, jit oe 
Berberideze, Arg: Pie 281, ee 
Berkeley, 6 MONT Win fe 
Berry, 153. Fig. 326, 495 mee bao 
Betulacez, 375: big. 480 “9a 
Bicarpellary, 142. Fig. 296, 297 oes. 
Biennial, 76, 235 TNS Nie 
Bifid, 125, 131. Fig. 251, 254 ey 

ae 
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Fig. 280-284, 297,. 
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~ Bulb, 80. Fi 
- Bulbil, 83, 178, 180, 295. 

1 
LA 

“rp 

Brown “coal. 

BRA 

Braun, 5 
Brazil-nut, 399 
Brazilian region, 452 
Bristle, 61 
Brittleworts. See Characez 
Bromeliacez, 348 
Brongniart, 6 

. Broom-rape, 232 
Brown, Robert, 6 

See Lignite 
ope aifels, 3 
Bryacez, 307. 

435 
- Bryineze, 306. Fig. 427-430, 432-435 

_ Bud, 82, 178, 179. Fig. 99, 121, 123, 353 
_Bud-scales, 83, 86 
Budding, 182, 261, 269, 278. 

Fig. 122 

Fig. 427, 428, 430, 432- 

Fig. 354 
© . 

Big E21; 122, 

350 
Bundle-sheath, 67 

- Bunt, 227 
Bunter Sandstein, 426 

- Burseracez, 407 
- Butomaceee, 351 
“Baxacer, 378 

CABBAGE, 414 
Cactacez, 398 

Caducous, 125. Fig. 233 
Cesalpiniez, 402 
Czsalpinius, 4 

_ Cainozoic rocks, 429 
~ Cajeput-oil, 399 

lamite, 423 
ie Calamus, 77 

Calcium, 162 
Calcium carbonate, 249 
Californian region, 449 
Callus, 46, 181. Fig. 351, 352 
-Calyciflorz, 390 
Calycifloral flower, 114. Fig. 208 
Calyptra, 300, 304. Fig. 427, 435 
Calyx, 110, 124, 300. Fig. 199, 200, 

204-206, 208-210, 228-239, 496 
Cambiform tissue, 66 
Cambium, 43, 64. Fig. 95, 352, 472 B 
Cambium-sheath, 339. Fig. 460 
Cambrian system, 420 
-Camelliacez, 409 
Camerarius, 4 

~~ Campanales, 388 
Campanulacez, 388. Fig. 242 
Campanulate, 125, 129, 131. 

261 
Camphor-gland, 53 
Campos, 452 

- Campylosperme, 398.. 
Campylotropous, 146. 
-Canal-cell, 299 
Canary Isles, 457 
Canker, 224 

Fig. 242, 

Fig. 511 
Fig. 300 III., 333 

. _ Cannabinez, 374 
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Cannacez, 348 
Cafions, 448 
Caoutchouc, 24, 176, 378 
Cape-de-Verde Islands, 458 
Cape of Good Hope, 444 
Capillarity, 160 
Capillitium, 284 
Capitate, 144. Fig. 287, 290 
Capitulum, E17, 205, 388: Fig; 293, e545 

219, 499, 500 
Capparidee, 414 
Caprifoliacez, 394. 
errs 148. 

» 496, 525 
Giboe 162, 165 
Carbon dioxide, decomposition of, 172, 

1737, 273 
Carbonic acid. See Carbon dioxide 
Carboniferous system, 420. Fig. 534- 

542 
Carcerulus, 152. Fig 321, 379 B 490 IIx 
Carex, Fig. 465, 467 
Carina, 132, 398, 400. 
Carnivorous plants, 163 
Carpel, 142, 220 
Carpogonium, 283 
Carpophore, 152, 397. 
‘Carrageen moss,’ 254 
Carraway, 398 
Carrot, 398. Fig. 510 
Caruncle, 155 

Fig. 150, 272 
Fig. 289, 306-313, 468 

Fig. 253, 510 

Fig. 318, 509 

Caryophyllaceze, 409. Fig. 226, 250, 
251, 254, 255, 333, 524, 525 

ih ae corolla, _3132.  Bigy 

CE onlay lates, 409 
Caryopsis, 154, 344. Fig. 461 rv. 
Cascarilla, 378 
Caspary, 6 
Cassava, 378 
Castor-oil, 378 
Casuarinaceze, 376, 446 
Cataphyllary leaves, 87 
Catechu, 394 
‘Catingas, 452 
Catkin. See Amentum 
Caudex, 77. Fig. 470, 47 
Caulerpa, Fig. 380 
Cauliflower, 219, 414 
Cauline, 107 
Cauline bundle, 357 
Cayenne pepper, 384 
Celastraceze, 407 
Celastrales, 407 
Cell, 7, 12. Fig. E36; 49, 41, 50, 52; 53; 

81, 380 
Cell. cavity, 19. Fig 2-6, 16, 374 
Cell-contents, 24. Fig. 2, 42-47 
or pee 34. Fig. 85 1.,56 
ell-family, 37, 248. Fig. 58, 

Cobnuid oo Lao 
Cell-formation, 31 
Cell-fusion, 37, 47 
Cell-sap, 8 
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sae 8,249. Fig. 2, 72, 374). 381, 

Colulde Cryptogamis, 67,244, 247 
Cellular plants, 67 
Cellulose, 12, 21, 173 
Central cell, 191,209. Fig. 422 1V., 44t II. 
Centre of distribution, 432 
Centrifugal, 124. Fig. 477 Il. 

.Centripetal, 123. Fig. 477 11. 
Chalaza, 146. Fig. 300, 359 
Chalk, 429 
Chamomile, 391 
‘Chaparals,’ 449 
Characez, 291. 
Charales, 244 
Chemical processes, 196, 213 
Chenopodiacez, 374 
Chenopodiales, 374 

-Chicory, 391 
Chino-Japanese region, 442 
Chloranthaceze, 378 
Chloranthy, 222 
Chlorine, 162 
ee) 24, 108, 173, 249. 

47, 51, 54, 444 
Chibvepiay lt. bodies, 24 
‘ Cicinobolus-fruit ’ (a peculiar repro- 
ductive body in certain Fungi), Fig. 
376 

Cihsie: gg. Fig. 171 
Cinchona, 394, 454. 
Cinchoneze, 393 
Circinate, 85, 312. Fig. 436, 437 
Circulation of protoplasm, to. 

Fig. 371 I.,. 418-420 

Fig. 40, 

Fig. 505 

Big, 3, 
40 

Circulation of sap, 175 
Circumscissile dehiscence, 149. Fig. 

Mi, Were, 4960 IIL. 
Cirrhus. See Tendril 
Cis-equatorial region of South America, 
451 

Cistacez, 414 
Clasping root, 72 
Class, 238. 
Classification, 2, 4, 237 
Cleistocarpi. See Phascacez 
‘Climbing plants, 201. Fig. 113, 114 

_ Closed bundle, 64, 67, 339 
Cloves, 399 

'- Club-moss, 333 
Clusius, 3 

- Coal, 423, 424, 428 
Coal-measures, Fig. 534 
Cocoa-nut, 443, 459. Fig. 305 
Coelosperme, 398. Fig. 512 
Ccenanthium, 117. Fig. 216 * 
Coffee, 394 
.Coffeeze, 393 
Coherent, 114. Fig. 229, 230, 240-249, 

275, 278 
ae 116 
‘Cohn, 6 + 
Coleorhiza. See Root-sheath 
Collenchyma, 39. 

‘ ; > 

“Coxcomb,’ 219 

Fig. 64, 80, 444, 472, | Creeping root, TNs 
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‘Colour of flowers,. 128 TNE ee ae 
Columella, 280, 300, 304 bi hy a 
Combretacez, (399°. th Naan 
Common receptacle, cy Fig. be at 

4 229} 218, 400i ly Geo mee mt 
Composit, 390. Fig. 53, 77, 203, 2 

234, 217" 219, 239-25 278, sg2 
476, 498-503 : 

Compound leaves, 94, 100 
Compound spike, 120 “ashe Si a 
Compound umbel, 120 oe pl ie 
Conceptacle, 257, 266,’ 324. Fig. 3495. 7 

382, 447, 448 ext 
Conducting cell, 48 1" eA 
Conducting tissue, 48. ~ Fiz: 350 fee 
Cone, 121, 147. Fig. 224, 304, 455, 458° 
Confervaceze (a group ot filamentous : 

Algze reproduced by swarmspores). — 
Conidia, 178, 179, 268, 279. Fig. 1, ae 
Coniferze, 147, TOT, 246, 336, -372,\ 420, 

423, 426. Fig. 23, 24, 27, 78, 79, 2245 
280, 304, 328, 335, 366, 367, 454-459, i 
478, 479, 543 mg 

Conjugate, 250, 256. Fig. ey 5Ayf 26, 383 
Conjugating cell, 271. Fig. 404 
Conjugation, 32, 47, 250, 271. Fig. ee i 

383, 404 a 
Connate, 93. Fig. 150, 187 
Connective, 137. Fig: 267-269 ) (eae 
Contorted zstivation, 85. Fig. 13x °° “) 
Contorted vernation, 86. Fig. 137 
Convolute vernation, 85. Fig.134 eae 
Convolvulaceze, 385. Fig. *13), 243) (a 

27a iL. oe, pr OEP yl ia 
Corallina. Fig. 382 
Cordate (heart-shaped), gs. 
Coriaceous, 107 
Coriander, 398 " id ee 
Cork, 23, 43,379... Wigibay 80, 352° yh 
Cork, Conversion into, 22 ce 
Corm, 81.) Pie 20 Is aa 
Cormophytes, 69 ts 
Cornacez, 398. Fig. 325 11. ot 
Corolla, 111, 128. Fig. 199; 200, 203-1 

206, 208- 210, 240-257 Rae 
Corona, T3307 3a) 
Coronariez, 355 
Coronate pappus, 127. 
Coronet, Fig. 330 re 
Corpuscules, 191. Fig. 367. i at 
Cortex, a 293, a Fig. 78, 

460, 4 ' , ye ik 

oui Sous 304. [bs oie 
Cortical tissue, 356. ‘Fig. ie 

426, 438, 476, 477 sadly 4 
Corylacez, 379. Mig. 268, Bh 
Corymb, 122 
Cotton, 409 % 
Cotyledon, 70, 86, 156, ny ae 

97-99, 119, 335, 368, 369, 461 z 
Covering-leaves, . ; 

j ~ 2 ’ 

Fig. 156 

Fig. 254, 261, 7525 

Fig. 239, 503 

\ 

Crassulaceze, 406. : Big") +192 
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-Cupressinez, 336. 
~Cupule, 147, 299, 379. Fig. 

4 Cupulifera:, 378. 

_Cystolith, 20. 

'Dehiscence of capsules, 148. 

CRE 

‘Cremocarp: T5I, 397. 
Crenate, 99. Fig. 159 
-Crenulate (finely crenate). 
Cretaceous system, 429 
Cross-fertilisation, 185 
Croton-oil, 378 
Cruciferz, 412. Fig. 195, 200, 204, 232, 
* 252, 274, 317, 336-339, 527-530 
Cruciform corolla, 131. Fig. 252 
Crumpled zstivation, 85 
Crumpled vernation, 86 

Fig. 318, 509-512 

-. Crustaceous Lichens, 286, 290 
Cryptogamia, 243, 247 
Crystal, 30. Fig. 48-51, 67 
‘Crystalloid, aie } Figs! 52 
Cucurbitacez, 399. Fig. 71 

Culm, 77, 343. big. 142, 464 
Cuneate, 97. Fig. 163 

Cup, Fig. 414 
Fig. =, 456 

3, 349, 485 
Fig. 223, es 379 

Currents of water, 159 
Cuscuta, 331. Fig. 378 I. 
Cuspidate, 105 
Cuticle, 58. Fig. 21 
‘Cutting, 180, 181 
Cyatheacez, 316. Fig. 437 
Cycadez, 246, 333, 373, 420, 423, 426, 

428. Fig. 453, 545, 546 
_ Cylindrical, 106. Fig. 192 
Cyme, 122, 382. Fig. 226, 227 

’ Cyperacexe, 345. Fig. 465-467 
Cypsela,*154. - Fig. 235-239, 327, 501, 
503. 
Cyst (a kind of reproductive cell in 
certain Fungi), Fig. 376 

Cystocarp (the body which contains 
the reproductive cells in certain Flo- 
ridez), 253 

Cytoblast, 11 
Bigs 37 

[ )APHNALES, 374 
Darwin, 6, 163 

Daughter-cell, 32 
Deadly nightshade, 384 
De Bary, 6, 283 
De Candolle, 5, 243 
Deciduous, 108, 125, 134 
Decurrent, 92, 94.° Fig. 153, 152 
Decussate, 76, 87, 382. Fig. 138 
‘ Dédoublement,’ 218, 221 
Definite inflorescence, 124 
Degradation-products, 177 
Dehiscence by pores, 141. Fig. 282, 284 
Dehiscence by recurved valves, 141. 

Fig. 281, 283 

Fig. 495 

Fig. 306- 

313 
Dehiscent, 148. 
Deltoid, 105 
Dentate, 98, 127. 

Fig. 306-318 

Fig. 168, 172 
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 Denticulate (finely dentate). 
Dermatogen, 56, 33 11. 
Desmidiez, 256. tig. 383 
Desmodium, 205 
Devonian system, 420 
Diadelphous, 139, 400. Fig. 276 
Diatomacez, 249, 250, 256. Fig. 38, 

381, 388 
Dichlamydeous (applied to a_ flower 

which has both calyx and corolla). 
Dichogamy, 186 
Dichotomous, 76. Fig. 226, ane it 
Dichotomous cyme, 123. Fig. 226 
Diclinous. See Unisexual 
Dicotyledones, 156, 246, 356, 429 
Dictyogens (a term sometimes given to 

those Monocotyledones which have 
net-veined leaves). 

Didynamous, 138, 380, 382. 

273, 490 
Diffusion. See Osmose 
Dimorphism, 186 
Dicecious (living apart), 112, 257, 289 
Dionea, 203. Fig. 372 
Dioscorales, 35 : 
Dioscoreacez, 35% 
Dioscorides, 3 
Diosmose. See Osmose 
Dippel, 6 
Dipsacacez, 419 
Disc, (when applied to the flower, an 

Figs, 275; 

elevated portion of the receptacle be- — 
tween the stamens and the pistil), 80, 
397, 406. Fig. 122 

Disciflore, 406 
Diseases of plants, 224 
Dissepiment. See Septum 
Diurnal position, 206 
Division, 250, 267, 278 
Dodder. See Cuscuta 
Dodonzus, 3 
Dormant buds, 83 
Dorsal suture, 142 
Dorsifixed, 140. Fig. 282 
Dotted vessel, 47 
Double flowers, 141, 218, 221. 
Drosera, 163 
Droseracez, 406. 
Drupacez, 406. Fig. 325 1. 
Drupe, 152, 406. Fig. 325 
Drupel (a small drupe), Fig. 52t rr. 
rae (an elongated dotted or pitted ves- 

sel). 
Duhamel, 6 
Duramen, 367 
‘ Dutch rushes,” 322 
Dwarfing, 217 
Dwarf male. 

Fig. 286 

Fig. 263, 372 

See Androspore 

‘ FH ARLETS” (peculiar indentations in 
the leaves of the F oliose Hees 
tice), Fig. 425. 

Ebenaceez, 387 

H H 2 



- Embryo-sac, 145, 187. 

Endocarp, 148, 152, 406. 

' Enfolding zstivation, 84. 

Endosperm, 

ng 2) EBE 

a 2 Ebenales, 387° 
Edelweiss, 391 
‘Eleagnacez, 374. Fig. 91 
Elater, 244, 300, 320. Fig. 422 III., 443 

III. 
Electrical equilibrium, 214 
Elementary organs, 8 
Eleutheropetalous. See Apopetalous 
Eleutherophyllous. See Apophyllous 

_ Eleutherosepalous. See Aposepalous 
» Elliptical, 95.. Fig. 154 

Emarginate, 97. Hig. 167 
Embryo, 70, 156, 188, 189, 252. Fig. 

83 I1., 97, 98, 305, 334-342, 363-365, 
458, 509, 511 ; 

Fig. 300, 359- 
362, 364, 367 : 

Embryonic vesicles, 187. Fig. 360-363 
Endlicher, 5, 243 

Fig. 395, 325 
Endogenous division, 278 
Endogens. See Monocotyledones 
Endophyte, 274 
Endosmose, 164 

r96,.190, AT4,, Mig. 208, 
333, 363-365, 458, 461 IV., 509, 511 

Endospore, 268, 280. Fig. 399 
Fig. 127 

Ensiform (sword- shaped), 94 
’ Enthophyllocarpi, 308 

Epidermis, 58, 356. 

¥ i 

Ergot, 227, 283. 
“Ericaces:, 387. 

- Ericales, 387 

‘Exospore, 267, 280, 320. 

Entire, 98, 131 
Entomophilous, 184 
Eocene system, 429 
Epacrideez, 389 
Epicarp, 148, 406. Fig. 305, 325 
Epidermal tissue, 56,57. Fig. 80, 83 11., 

426 
Fig. 21, 64, 80, 85, 

86, 100, 438, 444, 452, 460, 472 
Epigyne:, 355 
Epigynous, 115, 140. 
Epipetalous, 115, 140. 

Epiphyte, 233, 274 
Equisetacez, 245, 316, 423. 
443-445 

Erect, 145 

Fig. 210, 279 
Fig. 271, 272 

Fig. 831., 

Fig. 375 
Fig. 240, 282, 284 

‘Espinillo,’ 455 
Eucalyptus, 399, 446 
Euphorbiacez, 376. Fig. 46, 76, 482, 483 
Euphorbiales, 376 
Europzo-Siberian forest-region, 438 

| Evergreen, 108 
‘ Everlastings,’ 391, 445 , 
Exalbuminous, 156, 190. Fig. 97, 336-339 

_Excipulum, 288 
_ Exogens. See Dicotyledones 
Exosmose, 164 : 

Fig. 3 
Extine (the outer of the ie Donte of 
the pollen-grain, through which the © 

0 aca. wt tee 

inner coat or intine plete 
358, 366 nate igh 

Extrorse, 141 * Ane Coat 
Eyes, 0, Fig. 116, Lig") Ye ae 

FALKLAND ISLANDS, 46r 
Family, 238 

Farinose, 27 
Fasciation, 219 ee 
Fasciculated Tool, 7s. ‘Fig. 106, ‘to7 i e ate 
“Favus,’ 275 
Feejee Islands, 459 
Female (£), 112, 183. 

/ \ rk ts ee 

So 
Fig. 202, 260 I. apis ae 

303, 481 Ill.—v., 485 TI., Fv. tape aaa 
Fennel, 308. Fig. 507, 509 Bee: omy 
Fermentation, 276, 277 ae 
Werns., .S2e Walices "y Peis a : 
Fertile hyphe, 263 | 
Fertilisation, 183, 251. Fig. Se see 

366, 367, 385, 386, 403 ea 
Fertilising tube, 270. fig. goa. 7 naam 
Fibrous root, 74. Fig. 105 appr 
Fibrovascular bundle, 64, 320, 339, boy . 

371. Fig. 93, 95, 438) 444, 452, ee, ti : 
472, 473 te 

Ficoidales, 398 
Ficoidez, 399 
Fig, Fig. 215 5 italy 
Filament, 137. Fig. 267-270, 272-278, ey 

281- 285 4 a 
Filices, 225, 308, 420, 423. 

436-442, 540-342, 544 
Filiform, 72, 107, 144. re 
Filiform apparatus, 190. Fig. 361 ae 
Fimbriate, 128,131. ig. @son ue ie a 
Fission, 250 ee og 

Fistulose (containing hollow chambers), pe 
*107 

Fig. Rone iy 

Fig. 104, 177 

Fleshy, 107. Fig. 192 es #f 

Floating roots, 73 ih es : 4 

Floccose, 110 vy é @ ” 
— ~~ 

‘ Floral clock,’ 206 Bic, 
Floral diagram, 113. wie Pee: 461 rn 
ne 468 111., 487, 489 II. » 497 II. “e fey ea 

, 522, 526, 533 Il. ts 
Floral leaves, 86 
Florets of the disc, 

244, 492 III. °? 
Florets of the ray, 120, ee Fi Fig. . 

219, 492 Il. 
Floridez, 249, 253, 259. 
Flower, 70, 110, 183. Fig. =oncta 

490, 492-497, 507, 508, 332) 533 9 
owering plants. See Phi 

Flowerless plants. : 
‘Flowers of tan,’ 199, 284 
Folded vernation, 85. Fig. 1. 
pe meed: Lichens, 286, a 

120, 390. Rig 2 

513 
Foliose Hepatice, 256, 

425 



__ Fruticose Lichens, 286, 290. 

_ Fungi, 225, 244, 262. 

_- Fusiform (spindle-shaped), 73. 

Gelatinous Lichens, 287, 290. 
_ Geminate (when two leaves spring from 

‘Geraniacez, 407. 

grain). 
Free, 92. Fig. 154 

ree cell-formation, 33. Fig. 55 II. 
Free central placentation, 145, 409. Fig. 

298, 525 
-Freezing, Effects of, 211 
Fringed, 131. Fig. 250 
Frond, 312 
Fruit, 70, 112, 146, 304. Fig. 305-327, 

481, 483, 485, 501, 504, 509-512, 523 IV. 
Fig. 409, 

414, 415 
Fucacez, 249, 257. Fig. 387, 389, 390 

~ Fuchs, 3 
. Fumariacez, 414 
Fundamental tissue, 57, 67, 361. Fig. 

83 II. s 

Fig. 1, 65, 347, 
~ 374-377, 392-408 

- Fungus-cellulose, 263 
_Funiculus, 144, 154. Fig. 97, 299, 316, 326 
Furrow, 308. Fig. 509-512 

Fig. 102 

ALAPAGOS ISLANDS, 460 
Galea, 349 

Galls, 233, 379. 
Gamopetalz, 380 
Gamopetalous, 129. Fig. 240-249 
Gamophyllous, 134. Fig. 207 
Gamosepalous, 124. Fig. 229, 230 
Gangrene, 224, 233 
“Garuas,’ 453 . 
Gasteromycetes, 282 

Fig. 379 

Fig. 412 

the same node, but are not opposite), 

P. 384 
Gemmation, 222, 261 

Gemmez, 83, 178, 179, 250, 270, 305. 
, Fig. 349 
Generating tissue, 41 
Generation, 177 
Gentianacez, 387 
Gentianales, 385 
Genus, 238 ~ 
Geography of plants, 2, 6, 432 
Geological systems, 420 
Geotropism (turning earthwards), 207 

Fig. 231, 320, 322 
Geraniales, 407 
Germ-cell, 178, 183, 251 
Germinal vesicles. See Embryonic vesi- 

cles 
Germination, 192. 
Gesneracez, 382. 
Gessner, 3 
Glabrous (entirely destitute of hairs). 

Fig. 368-370 
Fig. 296 

Glossarial Index, = 

i FOL WER ; 

Follicle, 149, 414. Fig. 314, 315, 831 II. Gland, 52, ae 110, 384, 399. Fig. 265, 
Foramen. See Micropyle 283 
Formative tissue, 41 Glandular hair, 64, t10. Fig. 92 
Fossil, 419. Fig. 534-546 Glans, 154. Fig. 303 
Fovilla (the fluid contents of the pollen- Gleba, 264 

Gleicheniacez, 316 
Globoid, 31 
Globose, 129, 131. Fig. 240 
Globule, 293. Fig. 418 111., 419 
Glomerulus, 123 
Glumaceous, 134 
Glumales, 343, 355 
Glume, 86, 343, 347. 
Gnetacez, 338 
Goeppert, 5, 6, 431 
Goethe, 6, 220 
Gonidia, 178, 

Fig. 461, 466, 467 

179, 286. Fig. 409, 411- 
413 

Gonidial layer, 286. 
Graft, 180, 182. 
Graminez, 343. 

368, 461-464 
Granulose, 27 
Grasses. See Gramineze 
Gravitation, 215 
Gray, Asa, 6 
Grew, 5 
Grisebach, 432 
Guard-cell, 58. 
‘Gulf-weed,’ 254 

Fig. 409 If. 

igs 3534 
Fig. 70, 93, 142, 292, 

Fig. 85 

Gum, 404, 406 ee 

Gum-passage, 53, 373 
Gutta-percha, 24 
Guttiferz, 409 
Guttiferales, 409 
Gymnocarpous Lichens, 288 
(symnospermous (when the ovules are not 
enclosed in an ovary), Fig. 304, 458 

Gymnosperms, 191, 246, 333 
Gymnostomous, 304 
Gynzceum, III, 142 
Gynandrous, 140. Fig. 279, 468 Iv. 
Gynobasic, 382. Fig 290, 490 I. 
Gynostegium, 349. Fig. 468 Iv. 

HA, 61, 109. Fig. 87-92. 
Hales, 6 

Half-inferior, 115 
Hanstein, 6 
Hartig, 6 
Hastate, 96. Fig. 161 
Haustoria, 73, 75, 231, 281. Fig. 378. 
Head, 295 
Healing-tissue, 43 
Heat, 208. Fig. 373 ; 
Heliotropism turning sunwards), 207, 

214 
Hellebore, 415 
Hemlock, 398. Fig. 511 
Henbane, 384. Fig. 406 
Hepatice, 244, 297. Fig. 
Herbaceous, 77, 107 
Hermaphrodite, 112, 

349, 421-425 

Fig. 200, 204-210 

Ao 



HES 

| Hesperidium, rey “i 
‘Heteromorous Lichens, 286, 290. Fig. 

409, 414, 416 
: -Heteromorphic (of more than one differ- 

ent form), Fig. 177, 195 
. Heterophyllous, 107. Fig. 177, 195 

a Heterosporous Vascular Cryptogams, 

Sie kc 4245, 332 ga 
-) =. Heterostylism, 186. Fig. 357 
eae Hildebrand, 6 

. Hilum, 146, 154 
- Hippocrates, 3 
Hirsute, 110 

iS Hispid, 110 
~»* Hoffmann, 6 . 

» Hofmeister, 6 
A> Homéomerous Lichens, 290. Fig. 410,412 

in -Honey-dew, 228 
s Honey- gland. See Nectary 

Hooded, 131 
Hooker, 6 
‘Horn, 251 
Horse-tails. 
Host, 165, 231, 274. 

378 
Humboldt, 6, 434 
Hyacinth-pest, 231 

' Hybrid, 194 
oe ee ‘Hydrocyanic acid, 406 

' . Hydrodictyez, 256. Fig. 58° 
‘Hydrogen, 162, 167 
Hydrophyllacez, 385 

' Hydropterides. See Rhizocarpeze 

| _ Hyleea, 451 
_/- _Hymenial layer, 288 rt 
ey Hymenium, 264. Fig. 393, 398, 413 

i Hymenomycetes, 282. Fig. 392, 393 
Hymenophyllaceze, 316. Fig. 439 VI., 

i VII., 440 II. 
--. _Hypanthodium, 117. 
 » . Hypericacez, 409 

Hyphe, 262. Fig. 347 
Hypocrateriform, 129. 
‘Hypoderma, 58 
Hypodermiz, 281. Fig. 375, 406, 407 
Hypogynous, 115,140. Fig. 209, 294 

., Hypsophyllary leaves, 86 - 

& ~ 

. See Equisetaceze 
Fig. 346, 347, 374, 

aN 

Fig. 215 

Fig. 247 

: [CELAND MOSS,’ 287, 290 
‘ Igapo,’ 451 

ae Imbricate, 84, 119. 
_..» [mparipinnate, 1o1. 
Imperfect, 112 

-Impregnation. 
- \cincised, 99, 125. 

Rie Set Incompletz, 374 
pH Ay _ Incrustation, 21 
Ne “Indefinite inflorescence, 123, 409 

ay _Indehiscent, 148. . Fig. 305 
_... Indian monsoon region, 442 

a _ Induplicate zestivation (folded 1 in at the 
Bee | edges), Fig. 126 . 
UE" gs gnicoetnnn, 313. Fig. 439 I. “AV : 

Figs. 127-131, 219 
Fig. 184 

See Fertilisation 

Fig. 173, 174 

_ Labiatiflore, 391 a 

Pi a 

Inferior, 114. ek 5or ae awe Seon 
Infiltration, 21.77) 2 igs eee hy os 
Anflated, 107, 125. Fig. 234) 4. 02 
Inflorescence, 116. Figs. "212-207, ane 

482, 485, 486, 490 . 
Infundibuliform (funnel shaped), | 

129. Fig.,243 
Ingenhousz, 6 « 
Innate: ' See Basifixed 5 (es) see 
Innovation, 305 mars 
Inorganic substances,r sis pacman a 
Insertion, 114 ‘ Re Ee tes 
Integument, 145, 155. Fig. 07 300 Neg 
Intercellular passage, 36 CFM 
Intercellular space, 36. Fig. 23, 60, 63. 

472 B ie 
‘Intercellular substance,’ 36. Fig. 57 2% a 
Internode, 76. Fig. 418, 472. B, 5Q4e con a. 
Interruptedly pinnate, 103. Fig. 186, 187 <a 
Intine (the inner of the two coats of — ee 

the pollen-grain, the protrusion ‘ot 
which constitutes the pollen- pele ie 

358, 366 far ga 
Introrse, 141. Fig. 274 a 
Intussusception, I5y 2h B7G i se * 
Inuline, 31, “Fig! 53 oe 
Involucel, 120, 390, 394. Fig. 22%, 506 
Involucre, 87, £58, 126, 200% 394- aes 

213, 214, 219, 500 

{ wa a eee one} 

eS “a 

Involute vernation, 86. Fig. 136° Ps AM if 
Ipecacuanha, 394 Bee ee 
Iridez, 349. Fig. 121, 26u 298 | fae ee 
Iron, 162, 168 ; 
Irregular, 124, 129. Fig. 230, 231, 246. 

248, 249, 253 \ os 
Irritability. See Sensitiwene ee: a 
Isoéteze, 329, 332. Fig, 451 = jo) eee 
Isosporots Vascular Cry PLOeetES 245, ¥ i, 

UAN FERNANDEZ, 460 — 
Juglandez, 379 ae 

Jugum, tc1, 398 Fig. 184, 185, 187," r 

309-512 
Jung, 4 ea 
Jungermanniez, 301. Fig. 423-425 
Jurassic system, 428 ; ea a 
Jussieu, 5, 243 

KALAHARI REGION, 444 
Karroo-plain, 445. 7 

Karsten, 6 ae aa Bs 
Keel. See Carina i BaP se 
Kerguelen’s Land, 461 
Keuper, 426 be eae 
Knot, 367 ae 
‘ Koa,’ 459 ; 

Labiate, 382." 9 
269, 273, 321, 489-492 



Lateral, 145. 

-. Lateral root, 73. 

_ Leaf-sheath, 82. 

Cosa Glossarial Index. 

» LAC 

Laciniate, 100, Fig. 177 
Lamella (a thin plate), Fig. 392 
Lamiales, 382 
Lamina, 89, 131. 

250 
Laminariez, 257. 
Lanceolate, 94. 

Fig. 142, . 147-195, 

Fig. 390 
Fig. 153 

Fig. 341 
Lateral dehiscence, 141 
Lateral ribs, 105 

Fig. 99 
Latex, 51, 378, 391, 411 
Laticiferous cell, 51 

Setecteecrous vessel, 51, 341, 368. Fig. 
“51, 76,.77, 476 

Latisept, 43. Fig. 530 11. 
“ Lattice-plant,’ 459 

-Latticed cell, 49 
Lauracez, 374, 452. Fig. 283 

_- Laurales, 374 
- Laurentian system, 420 

_ Layering, 180 
* Leaf, 70, 71, 86, 220, 342, 370. Fig. 99, 

148-196, Bes 
» Leaf-cycle, 87 

Fig. 142, 107 
Leaf-spine, 109, 220. Fig. 152, 172 
Leaf-stalk. See Petiole 
Leaf-tendril, 109. Fig. 146, 514 

: 

Leaf-trace, 360. Fig. 452 
Legume, 150, 400. Fig. 288, 316, 515, 

516 I. 

Leguminose, 400. Fig. 97-99, 143, 146, 
182, 184, 185, 212, 253, 276, 288, 316 

324, 514-517 Bist 
Lentibulariacee. See Utriculariaceze 

- Lenticel, 46 
~ Lepidodendron, 420. 
Leptothrix, 259, 26r. 

Fig: 535-537 
Fiz 308 Tz 

Liane, 431 
Liber (the inner fibrous portion of the 
~ bark). 

- Libriform cell, 364 
_ Lichenes, 244, 215. Fig. 409-417 

_ Lichenin, 287, 290 
~ Light, 211. Fig. 373 

Lignification, 22 
‘Lignine, 23 

Ligule, 92, 132, 343. 

- Lignite, 424, 430 
Ligulate, 129, 390. Fig. 246, 499 11. 

Fig. 142, 147, 
_ 251, 254 
Liguliflorez, 390 
Liliaceze, 355. Fig. 112, 287 
Lihales, 355 
Linacez, 307 
Lindley, 6, 243 
Linear, 94. Fig. 147 
Linnzus, 4, 238, 240 
Linnean system, 5, 240 
Liquorice, 402 
Litmus, 290 
Liverworts. 
Llanos, 451 

See Hepatice 

' MES 

Lobed, 100, 125. Fig. 179 
Lobelius, 3 
Loculicidal dehiscence, 149. 
Loculus, 140, 144, 148. 

296-298, 519 
Lodicule, 134, 343 
Loganiacez, 387 
Logwood, 403, 450 

Fig. 307 
Fig. 280-284, 

Lomentum, 152, 400, 413. Fig. 324, 
516 11., 530 Iv. 

Longitudinal dehiscence, 141. Fig. 
| eZgON 250 
Longitudinal section, 69. Fig. 96 
Longitudinal tension, 198 
Loranthacez, 380. Fig. 378 1. i 
Lycopodiacez, 1x., 245, 327. Fig. 450- 

452, 535-539 
Lycopodiez, 327, 332. 
Lyrate, 99. Fig. 176 
Lythracez, 399 

Fig. 450 A, 452 

MACROSPORANGIUM, 324, 332. 
Fig. 447, 450 _ 

Macrospore, 245, 306, 324, 332. Fig. 

447, 449-451 
adagascar, 458 

Madder, 394 
Madeira, 457 
Magnesian limestone, 426 
Magnesium, 162 
Magnoliacez, 416. Fig. 314 
Male (dg'), 112, 183, 251. Figy 2015) 2@o; 

431, 457, 481, 482, 485 : 
Malpighi, 5 
Malpighiacez, 407 ; 
Malvaceze, 407. Fig. 275, 323, 523 
Malvales, 407 
“Mammoth-tree,’ 236, 449 
Mangrove, 75, 442 
Manna, 290 
Manometer, Fig. 343 
Manubrium, 295 
Manures, 170 
Marattiaceze, 316 
Marcescent, 183 
Marchantiez, 3c1. 
Marsileacez, 327. 
Martius, 6 
Mascarene Islands, 459 
Matthioli, 3 
Mediterranean region, 440 
Medulla, 286, 301. Fig. 409. Adso see 

Fig. 349, 42e 
Fig. 448, 449 

Pith 
Medullary rays, 68, 357, 362. Fig. 66, 

95) 472 B ; 
Medullary sheath, 366. Fig. 478 
Melastomacez, 399 
Meliaceze, 407 
Menispermacez, 416. 
Mericarp, 151, 397- 
Meristem, 41 
Mesembryanthemacez, 399. 

Fig. 341 
Fig. 319-323, 509 

Fig. 210 

2 



\ 

aN 

Bes) «Fig. 30 - 

5 Aaa 152, 406. 

| Mesophyll, 223, 342 
Mesozoic strata, 426 

- Metamorphosis of organs, 220 
Metastasis, 161, 176 

_ Mexican region, 449 
“Mezquit,’ 449 
Microbacteria, 260 
Micropyle, 145. Fig. 300 
Microsporangium, 324, 332. 

450.0 4) 
Microspore, 245, 306, 324, 332. 

447» 449-451 
Mid-rib, 105 
Migration of a 433 
Milde, 6 
Mildew, 226, 281 
Mimosa. See Sensitive plant 
Mimosez, 403, 448. Fig. 143, 
Miocene system, 430 
Mistletoe, 231. Fig. 378 1. 
Mitrzeform corolla, 133. Fig. 257 
»Mohl, 5 
Molecule, 158 

- Monadelphous, 139, 400. 
Monimiacez, 374 
‘Monkey-pot,’ 399 
Monkshood, 415. Fig. 533 
Monocarpellary, 142. Fig. 288, +316, B25 f. 
Monocarpic, 235 

~ Monochlamydez, 374 
‘Monoch!amydeous ‘applied to a flower 

which has a calyx but no corolla), Fig. 
207, 259 

Monocotyledones, ix., 126, 246, 338, 428. 
Fig. 95, 305, 460° 

_ Monocotyledonous (applied to an embryo 
which has only one cotyledon). 

- Monececious (living together), 112, 257, 

Fig. 447, 

Fig. 

517 

Fig. 275, 523 

289 
: Monopetalous.’ See Gamopetalous 
“Monophyllous.’ See Gamophyllous 
“Monosepalous.’ See Gamosepalous 
Monotropacez, 388 

- Moracee, 374. Fig. so02 
Morphology, 1, 69 
Mosses. See Musci 

~ Mother-cell, 32. : Fig. 83 I., 
* Mother of vinegar,’ 276 
Motility of protoplasm, 10, 199, 210 

_ Mould-fungi, 262, 279, o8t. Fig. 1, 306 

85, 385, 442 

Me Movement of water in plants, 159 
Movement, Phenomena of, 195 
Mucilage, Conversion into, 23, 249. 

Mucor, 279, 280 
~ Mucorini, 271, Qo. 1, 396, 404 
Mucronate, 97. Fig. 16 

_ Mulberry, Fig. 302 
- Multifid 125 
Maaltipligation of cells, 32 

_ Musaceze, 348 
_ Muschelkalk, 426 ae 

" Glossarial Index, 
RE, ; \ 

“Fig. 308; 325, Musci, 244, 301. 
Muscinez, 244 — 
Mushroom, 282. Fig. 392 Be zh 
Mycelium, 263, 279. | Fig. 39 368 
Mycoderma, 276 
Myricacez, 376 i 
Myristicaceze, 374° 0.) Wa eee 
Myrsinacez, 387 ets 
Myrtacez, 399, 446 
Myrtales, 399 
Myxomycetes, 283 

Fig. 426-435 

AGELT, 6 
1 Naiadeze, 351 
Naked, 118, 390. Fig. 304 
Napiform (turnip- shaped), 73. 
Narcissales, 349 wy 
Nardoo, 327 i Sa ect 
Natural systems, 239, 243 Be 
Neck, Fig. 422 os! sh Be 
Neck-cell, 191 ne 8 af 
Nectary, 53,135. Fig. 231, 266, 533 ae ie 
Negative heliotropism, 207. A 
Nepenthes, 163. Fig. 193 aa ce hie 
Net-veined, 106. Fig. 181, 191 
Neuter, 112. Fig. 203 © Pani 
New Caledonia, 459 
New red sandstone, 4255 0) “7 sae 
New Zealand, 460 1 ane 
Nightshade, 384. Fig. 495 - ie 
Nitella, 294. Fig. 371 L} 420° 7 49 
Nitrogen, 162, 168 | he 
Nocturnal position, 206 i 
Node, 76. Fig. 142, 211, 418, 504 pe ie 
Norfolk Island, 460. ibe ae ‘ 
Normal root, 75. Fig. 101-104 : 
North American foreshheeiaa HA us 
Nosology, 216 ; ey ngs: 
Nostocaceze, 249, 255 iV ae 
Notorhizal, 157. > ‘Fig"337 9 =e qeeen i ae 
Nucleolus, 11. Fig. 2, 3 ie . 
Nucleus, 8, II, 145, 156. Fig. 3 2, 3 300 

360, 422 
Nucule, 152, 293, 384. Fig. 321, 418 m1, 

419, 490 | Sie ana 
Nudiflorz, 355 (Os that 
Nut, 154. Fig. 485 v. cite 
Nutation, 201 BRS oie; 
Nutrient ‘substances, i ix.762 5) Noe 
Nutrition of plants, 162 1 ea 
Nyctaginez, 374. Fig. 342 0 
Nympheacez, 416. Fig. oe (eae 

Ee? Say 
AK-APPLE, Fi B70) 

Asis 

Oak-gall, 235. Fig. 379° 
Oak-spangle, 235 ‘ae x 
Oases, 443 °C alt aaa 
Obcordate, 95, 97, way, Fig. 15 
Oblique section, 69. _ a 5 
Obovate, 95 N 
Obsolete, 116, 395. . 
Oceanic ee 457 



' Operculum, 245, 304. 

~ Orbicular, gs. 
~. Orchidales, 348 

— Oval, 95. 

Ovate, 95. 
Overgrowth, 46. 
-Ovyule, 144, 183. 

es . .Glossarial Index. 

OCH 

Saenren:* 90° 
_ CEdogoniez, 259. 

idium, 228, 274. 
Oil, 24, 176, 384 
Oil: Piand, 53.” 
Oil-passage, 52 
Oleacez, 387. 
Onagracez, 399. 
Onygenei, 282 
Oogonium, 251, 270. 
Oolite, 428 
Oosphere, 178, 183, 192, 251, 270, 299. 
Fig. 385, 422 

Oospore, 250, 270, 271. 
Open bundle. 64 

Fig. 371 11., 385 
Fig. 376, 377 

Fig. 247, 299 
Fig. 330 

Fig. 385, 403 

Fig. 449 

Fig. 433, 435 
Ophioglossacez, 245, 322. Fig. 446 
Opium, 411 
Opposite, 76, 87, 158, 409. Fig. 138, 

150, 341 
Fig. 155 

Orchidez, 348. Fig. 119, 120, 468 
Order, 238 
Organic substances, 1 
.Orobanchacez, 232, 382. as 346 

» Orthoplozic, 157. Fig. 338 
Orthosperme, 398. Fig. 510 
Orthotropous, 145,336. Fig. 300 1., 359 
Oscillatoriee (a group of filamentous 
Algz, distinguished by the peculiar 
oscillating motion of the filaments), 255 

Osmose, 160, 163,176. Fig. 344 
Osmundacez, 316. Fig. 440 II. 

Fig. 154 
Ovary, 142:- Fig. 287, 290-292, 359, 

481 V., 524 II. 
Fig. 168 

Fig. 68 
Fig. 297, 298, 300, 359, 

360, 458 
Oxygen, 162, 167 

/PALOPHYTOLOGY, 2, 6, 417 
Palzozoic rocks, 420 

‘Palate, 130. Fig. 249 
Paleaceous, 118, 390. Fig. 218 

Palez, 61, 86, 138, E34, 302, -2He, 347. 
Fig. 461, 463 

Palmz, 351, 451, 452- 

471 
Palmales, 351 
Palmate, 99. Fig. 181 
Palmate tuber, Fig. 120 

* Palmatifid, 99 
Palmatilobed, 100 
Palmatipartite, 99. we Be 
Palmatisect, 99. Fig. 1 
Palmellacez (a piniy. ro Unicellular 

Algz), Fig. 59 
Palmet, 445 
Palminerved, 105. 
Pampas region, 454 

Fig. 95, 305, 469, 

Fig. 181, 191 

-Peridium, 264. 

PER 

Pandanacez, 355 
Panicle, 122 
‘ Pantanals,’ 453 
Papaveracez, 411. 

526 
Papilionaceze, 4oo. Fig. 97-99, 146, 253, 

276, 288, 316, 324, 514-516 
Pe corolla, 131, 

253, 5 
Papilla, ne Fig. 84, 295, 449 1. 
Papillose, 144. Fig. 295 

Pappus, 127, 390. 

Fig. 233, 294; 313, 

502 
Paracorolla. See Corona 
Parallel-veined, 105, 106. Fig. 108 
_Paraphyses, 268, 288, 304. Fig. 399 1. 
’ Parasite, 165, 225, 231, 274, 280. op 

346, 347, 374, 378 
aratonic curvature, 207, 214 

Parenchyma, 39, 264, 366. .Fig. 25, ke, 

60-63, 67, 86, 93, 426, 472, 475-477 
Parietal, 145, 411. Fig. 296, 326, 468 111., 

526 I. 
Parietales, 411 
Paripinnate, ror. Fig. 185. 
Passage, 52. Fig. 78, 79 
Passifloraceze, 399 
Passiflorales, 399 
Pasteur’s solution, 278 
Payer, 6 
Peat, 424 
Peat-moss, 424 
Pedate, tor: Wigs 18g 
Pedatinerved, 105. Fig. 183. 
Pedicel, 116. . Fig. 225 
Pedicellate, 110. Fig. 200 
Peduncle, 116. Fig. 221, 225 
Peloria, 22 
Peltate (shield- shaped, and attached. by 

the centre), 63, 97, 110, 144. Fig. 91, 
162, 204, 313, 439 I., 443 I. 

Peltinerved, 105. Fig. 162 
Pendulous, 145 
Penicillate, 144. Fig. 291 
Penicillium, 7,279. Fig t 
Pepo, 153 
Perennial, 76 
Perfect, 112 
Perfoliate, 93. Fig. 149 
Perforated, 107. Fig. 194 
Perianth, 110, 111, 133. 

261 
Periblem, 56 
Pericarp, 148. 

519 
Perichztium, 300 
Periderm, 44. Fig. 67 

Fig. 304 
Fig. 427 Iv. 

Fig. 97, 305, 316, 326, 

Perigonium, 304. 
Perigynium, 134 
Perigynous, 115, 140. 

256 
Periodical movements, 206, 210 
Peripheric, 158. Fig. 340, 342 

- 

Fig. 207, 208, 

4oo. Fig. 

Fig. 235-239, 499,. 

Fig. 215, 258— 



, Petal, 128, 220. 

Petiolate, go. 

Pinna, 104. 

-Pinnatisect, 99. 
Pinnule, 104. 

‘Pistillate. 
Pitcher, ‘or, 107. 

’ Pitted canal. 
. Pitted cell, 20, 372. 

| PER. ; ied 

Perisperm, 190. Fig. 365 
Peristome, 304. Fig. 430 es 
Perithecium, 266, 268, 271, 283. Fig. 

ee 3/5) ; 
_ Permanent tissue, 41 
_ Permian system, 425 
Peronosporez, 230, 270, oe Fig. 377, 

400 
Persistent, 136, 134. Fig. 234 
Personales, 380 
Personate, 130. Fig. 249 
Peruvian bark. See Cinchona 

t Fig. 250-253, 263, 286, 
wide ee ra ait 
Petaloid, 134, 144. Fig. 261, 293 

Fig. 148, 154-162 
Petiole, 89, go, Fig. 148, 154-162 
Petiolule, 94 
Phanerogamia, 67, 243, 333 
Phascacez, 306 
Phloém. See Bast 

_Phosphoric acid, 169 
- Phosphorus, 162 
Phycomycetes, 262, 280 
Phylloclade, 78. Fig. 112 
Phyllode, 218. Fig. 143 

-Phyllotaxis, 87 
Physiology, 2, 6, 158 
Phytolaccacez, 374 
Pictorial Lichens, 286, 290. 
AI 

Pileus, 264. 
Pilose, 127. 

Fig. 410, 

Fig. 392, 393 
Fig. 235, 236 

Fig. 184-190, 436, 439 
Pinnate, 100. Fig. 184-187 
Pinnatifid, 99 
Pinnatinerved, 105. Fig. 163 
Pinnatipartite, 99 

Fig. 174 
_ Fig. 188-190 

Piperacez, 378 
Piperales, 378 
Pistil, 111, 142. Fig. 200, 202, 215, 265, 

287- 209, 322, 502 
See Female 

Fig. 193 
Pith, 67. 

477; 478 
Pitted, 118 

_ See Pore-canal 
Fig. 27, 35, 70 

: Fig. 93, 478 
Fig. 296-298, 316, 326 

Pitted vessel, 67, 366. 
Placenta, 144. 

- Plasmodium, 199, 284 
Platanacez, 376 | 
Pleistocene formation, 431 

_ Plerome, 57 

Fig. 434, 435 
Fig. 336 

Pleurocarpi, 308. 
Pleurorhizal, 157. 
Plicate vernation, 85. Fig. 133 
Pliny, 3 
ee system, 430 
Plum-disease, 229 : 

Fig. 295 Plumbaginez, 387. 

Fea 

- Glossarial Inder. * oe ey 
Sa > aes ie 

Hy by “ee x eo! t / 
Te get : yt 1% . 

Bese “grain, Fig. 355, 358, 359). a 

Fig. 19, 95, 100, 352, 368, 472 B, 

Eyre tia 
rr 

ean 

Plaaosee 127, yen vere 237, ‘a8, 
Plumule, 71, 76, 156, 794. + Rig. 

368, 40r IV. a eA ee 
‘ Pocket,’ 229 oS unre.” 
Pod,’ 2295912" Ma Tae ae 
Polemoniaceze, 385. Fig, 39° 1% 
Polemoniales, 384 
Pollen, 112, 138, 140, 183. Fig. ‘aes 

4 
ah 

Palen. tube, 187. Fig. 358, 3599 “361, ra 
362, 364, 366, 367 Sra 

Pollination, 184 : Sg 
Pollinium, 141, 349. Fig. 355 E, +468 V Yao Gee 
Pollinodium, 283 sv og 
Polyadelphous, 139. Fig. ase ae: re cgi 
Polycarpellary, 142. Figs-323,.525. <4 40 
Polycarpic, 235 ; MR | 
Polygalacez, 411 i > i ai 
Polygalales, 410 : oS ee ea eon (eae 
Polygamous, 113. Mi pik 
Polygonacez, 374. Fig. 258, 359 vee: 
Polymorphy, 272 = oo ‘i te aia 
‘Polypetalous.’ See Sootctalnees ; Rees aes 
‘Polyphyllous.” See Apophyllous ~~ os 
Polypodiacez, 316. Fig. 439 1.-V., 440.1. = - 7 
‘ Polysepalous.’ See Aposepalous = 93 ~ 

Pome, 147, 404. Fig. 519 hon de 
Pomez, 404. Fig. 518, 519 | 7c heas 
Pore-canal, 19. Fig., 19, 20, 22-25, 29%; ~~ bias 
Pore- capsule (a capsule which dehisces — “a 
by pores at or near its apex), pier 
313 Peask yes 

Portulacacez, 410 Beli 
Positive heliotropism, 207° Secon eee 
Post-pliocene formation, 43% Ss) Te a 
Potamales, 351 ae 
Potamez, 351 ete 
Potassium, Vlil., 162, 169 — 2) 
Potato, 384. Fig. 42) 110) haga ae st 
Potato-disease, 230, 28t. Fig. 377 ee 
Practical botany, 2 ee, a 
Prairie region, 448% a4 ee ir p: 
Prickle, 63, tog. Fig. 90, 198 sec inal 
Priestley, 6 zh 
Primary cell- wall, 15. 
Primary cortex, 64, 257. 
Primary meristem, 41 
Primary rocks, 420 
Primary root, 73. 
Primary stem, 76 . ie | 
Primine, 145. Fig.-300 5 “eee 
Primordial cell; ae) 1. 199, 262 
Primordial eee 

Fig. en é i rr, 

ay 

Fig. 99, Bie % is 

311 a 
Primulales, 387 a ae 
Pringsheim, 6 - ar 
Procambium, 43, 57, anal Fig 
Pro-embryo, 189; 192, (244, 
418 Il., 449, 451 IV. 

Progressive metamorphosis, 
Prolification, 222, 305+ ao 



‘ 

; Pseudo-syncarp EAT. 

~ Putamen, 152, 406. 

_. Pyrolacez, 388. 
~~ Pyxis, 140. 

PRO 

Promycelium, 269 
Prosenchyma, 39, 364 
Prosenchymatous cell, 3005: 3427 364, 

3608. Fig. 14, 15, 26, 27, 438 
Protandrous (protos, first), 186 
Proteaceze, 374 
Proteinaceous substances. 

noids 
Proteine-crystal. 
Prothallium, 305, 315. 

445 
Protista, 260 
Protococcus, 256, 261 
Protogynous, 186 
Protomycetes, 282 
Protonema, 305 
Protoplasm, 8. 

See Albumi- 

See Crystalloid 

Fig. 441, 442, 

Fig. 2, 3, 361, 401 
-Pseudo-bulb (pseudos, false), 349 
‘Pseudocarp, 121, 127, 146, 404, 405. 

Fig. 301, 302. 519 
Pseudo-parenchyma, 40, 248, 262. Fig. 

393 2 
Fig. 302 

Pubescent, 110 
Puccinia, 273, 274. 
Pulvinus, 90 
“Punctum vegetationis,’ 
60. 

Fig. 406, 407 

40, 295. Fig. 

Fig. 325 
Putrefaction, 259 
ycnidium, 268 

Pyrene, 153 
Pyrenomycetes, 274, 283 

Fig. 334 
Fig. 311, 312, 496 III. 

, ec 6 
Quernales, 378 

Quincuncial, 84. 
Quinine, 394 
Quinquelocular, 144 
Quinqtiepinnate, 104 

rig. 130 

- RABENHORST, 6 
Race, 237 

Raceme, 121. Fig. 225 
Rachis, ror, 116 
‘Radical leaves, 107 
pacs. 156, 193. 

‘Ranunculacez, 414. 

Fig. 97, 98, 368, 461 

Ratfilesiacese, 378 
Ranales, 414 

Fig. 206, 209, 266, 
315, 531-533 

Raphe, 146. Fig. 300 
Raphides, 30, 168. Fig. 50, 75 

Ray, 6 
Rayed, 120, 395. Fig. 215, 508 
Receptacle, 114, 263, 390. Fig. 213-218, 

375, 392-394, 399, 450, 498 
Receptacle for sap, 52 
“Red snow,’ 209 

—Glossarial Index, 

erst » RUT 

Reduplicate zstivation (folded out at the 
edges), Fig. 125 

Regions. of vegetation, 434, 437 
Regular, 124, 129. Fig. 229, 240-245, 

493-494 
© Reindeer moss,’ 290 
Rejuvenescence of cells, 32 
Renewal of cells, 32 
Reniform (kidney- shaped), 96. Fig. 159 
Repand, 99 
Replum, 151, 413. 
Reproduction, 17g 
Reproductive cells, 177 
Resedacez, 414 
Reserve-materials, 159, 172 
Reservoir of reserve-materials, 174 

Resin, 24, 176, 338, 398 
Resin-gland, 53. Fig. 80 , 
Resin-passage, 52. Fig..78, 79 / 
Resorption, 23 : 
Respiration, 167 
Resting-spore, 178, 252, 256, 269 
Reticulate cell, 20. Fig. 28 
Reticulate vernation, 106. Fig. 181, 191 
Reticulate vessel, 47. Fig. 100 
Retrogressive metamorphosis, 220 
Revolute, 105 ; 
Revolute vernation, 85.- Fig. 135 . 
Rhamnacez, 407. Fig. 205, 208 
* Rhinoceros-bush,’ 445 ty 
Rhizine, 286 
Rhizocarpez, 245, 324. Fig. 447-449 
Rhizoid, 294, 297, 315. Fig. 441 Ill. 
Rhizome, 79. Fig. 108, 115, 436, 438, 

443 1., 444 
izophoraceze, 399 

Rhomboidal, 96 
Riccieze, 300 
Ridges, "308. 
Ringent, 130. 
Roggefeld, 445 

Fig. 317, 53° 

Fig. 509-512 
big. 248 

Root, 70, 71, 72, 342, 369. Fig. 99- 1073 477: 
Root-cap, 72, 370. Hig. 83 II., 100 
Root-hair, 61, 75. Fig. 345, 443 IV, 
Root-pressure, 16% 
Root-sheath, 67. . Fig. 94 
Root-stock. See Rhizome 
Rosacez, 404. Fig. 191, 198, 228, 256,. 

301,) 323: 1.,. 518522 
Rosaceous corolla, 133. 
Rosales, 399 
Rose-gall, 233 
Rosez, 405. 

520-522 
Rostellum, 349. 
Rotate, 125, 129, 131. 
Rotation of crops, 171 
Rotation of protoplasm, 10, 295 
Rubiacez, 392. Fig. 130, 504, 505 
Rubiales, 392 
Runcinate, 99. 
Runner, 77, 180 
Rust, 226, 273 
Rutacez, 407. 

Fig. 256 

Fig. 198, 228, 256, 301, 

Fig. 468 
Fig. 245 

Fig..175 

Fig. 277 
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Shae i HN ep daa Lagi AD Set OE Tt pits Feta i Oe 
‘2 Sita Ese aetna ne HS ets id cca ie al CM OC shitty ey 
Uae SON INS a a Zee AYR 
% Wes eae | Glossarial Index. : 

ay ai t Seely 1 

Rate “SAC : : ae = 
Sess Tan GACCATE, 125. Hig. 232 He Seed-leaf. See Conaaies® 

sa Ons ae igh cue ae See Torula Selaginellez, 327, 332.> Fie § 
: achs, 6 “Selective power, LO Hit <p eae 

Sagittate, 96, Fig. 160 Self-fertilisation, 185, 4 mr LS 
pa eee Sago, 336, 354, 373 Senna, 402. _ at 
PON dalee® ahara, 443 Sensitive plant, 202, 403. “ieee be “ 

St. Helena, 458 
pa x 2ot.Hilaire, 6 Sepal, 124, 220. Fig. 228-233 
ee Salicacez,. 375. Fig., 481 Sepaloid, 133. Fig. 258-260 | 

! Salicine, 375 Septated wood-cell, 366 pas 
ate 7 walinas, “455 Septicidal, 149. Fig. 308 2 4 

ae _Salviniacez, 327. Fig. 447 Septifragal, 149.. Fig. 3 
Samara, 154. Fig. 319, 480 
Sandwich Islands, 459 
Santalaceze, 380 
Santalales, 379 Series, 238 SEES oy 

(is Sap, Circulation of, 175 Serrate, 98. Fig. 169 eae 
ied Sapindacez, 407. Fi 1g. 319 Serrulate (finely serrate). ee 

Sapindales, 406 Sesamacez, 382 Rs | 
Saprolegnieze, 270, 281. Fig. 401, 403 Sessile, 110, 127, 138, age 154. Fig. 

- Saprophyte, 87, 165, 274, 275 235, 237, 238, 271,279,298 
Sarcocarp, 148, 152, 406. Fig. 305, 325 Seta, 300. Fig. 427 1. meet a: 
Saxifragacez, 406. Fig. 225, 326 Setose, 110, 118. Fig. 217 | Meare Hast 
Scabrous, 99 Sheath, 316. Fig. 443 I. Ah ea 
Scalariform cell, 20, 310. Fig. 36 

5 Scalariform vessel, 47, 310, 366. Fig. Shells, Formation of, 16. Fig. 20 
69? Shield, 295. Fig. 418 111. as) 1a 

3 Scale, 63, 81, 110. Fig. 91, 121, 263, 304, Shrub, 76 od OC 
eat Ade IT, 458 Sieve-disc, 48. Fig. 72-74 Cares. 

Scale-leaf, 87, 220 
Sealy, 81, 134. Fig. 122 93 2 eae 
Scandent, vo. .\ Fie. 179, 154 Sigillaria, 420. Fig 538, 540 ange ios: 

aes Scape, 77. Fig. 108, r21 Silica, 169, 249, 321 ae 
a ee Scattered, 76, 87 Silicula, 151, 413. Fig. 317, 530) II. un, Ne 
fas: Schacht, 5 Siliqua, 151, AT Se ‘Fig. 520, a8! “) toe 

Schizzeaceze, 316 

~ Septum (the wall. tem ‘two. aidga = 

Sensitiveness, 202, 214 

cent loculi of an = or Pe), Fig, 
307-310 

Shell-lac, 378 io 

Sieve-tube, 48, 368. Fig. 67, 715 ‘72, Th uN 

Silky, 110 
. .  Schizocarp, 151. Fig. 318-323, 523 IVv., Silurian system, 420 an But: 

530 I ‘ Silver-grain,’ 363. Fig. 474, 475,479 
Schizocarpi. See Andrezeacez Simarubacez, 407 i Opal tena 

Hit a weRizomycetes, 265, Hig. 391 Simple, 94, 120 ae 
“a! - Schleiden, 5 | Sinuate, 100. Fig. 180 pink 53 

! ~ Schwendener, 6 Siphonez, 257. Fig. 81, oe 4 : 
*Sclerotium,’ 227, 263. 283, 284. Fig. Slit, 100 ; 

375 : Smut, 226, 281 
Scorpioid cyme, 123. Fig. 227 Sodium, 162 wn 

| . Serophulariaceze, 381. Fig. 249, 297, Soft bast, 50, 66 it ee es 
Seyi 486-488 Solanaceze, . 384. Fig, 116,\ 294) 3x0 
pia Scutellum, 345. Fig. 362 Iv. . 493-497 ey en 4' 

* ~— Secondary cortex, 357 Solitary, 116 ec 
-. Secondary embryo-sac. See Corpuscule Soredium, 287. Fig. 409 ht Geel 

~ Secondary medullary rays, 363 ‘ Sorus, 312, 324. F ig. 439 +, i: Wa 
~ . Secondary products of metastasis, 176 
~.. Secondary root, 73. Fig. 99, 101 

“oe 4, . Secontlary stem, 76 
.... ~ Secondary strata, 426 
... Secretional diseases, 224 

Section, 69, 238. Fig. 96 
Secund (when all the flowers or other 

et, organs grow from one side of the 
‘cee __-rachis), Fig. 108, 227 
oa ss eeaecundine, 145. Fig. 300 

Seed, 70, 112, 154. big. 97, 98, 316, 317, 
326, 365, 368-370, 458, aes IV., 462, 

| 481 VI., 532 1. 

ae bat 

Rater 301, se ae 

Spadix, 121, 354 oa) ee 
Spathe, 86, 121,351, 354. > et 
Spathulate, o7,. Fag. «65 es 
Species, 194, 237_ ie 
Sperm-cell, 251. é im 
Spermatia, 272, 288. Fig. 405 
Spermatozoid. See Antherozo 
rc 272, ie Be 

Séheiobaaetnas 260) 9th, 

oa crystal, 3r. 
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SPT. 
Spike, 120. Fig. 222 
Spikelet, rar. Fig. 461 1, 

Spine, 109, 217. Fig. 197 
‘Spiny, 99. . Fig. 152, 172, 184, 333, 510 

~ pirat cell, 20: \ Fig! 20, 30, 33 
Bee embryo, 157. Fig. 339 
, Spital vessel, 47. Fig. 93, 100, 478 
Sporangiole, 273 

_ Sporangiophore, 273, 280 
- Sporangium, 178, 266, 280, 304, 312, 324. 

Fig. 394, 396, 427) 429, 433) 439) 440, 
443, 446, 450 : 

Spore, 178, 266, 279. Fig. 376, 377, 393, 
394, 396-398, 418 IL., 441 I. 

~Sporesac. See ‘Ascus 
' Sporidesmium, 267. Fig. 397 
' Sporidium, 269. Fig. 407 

_ Sporocarp, 324. Fig. 447, 448 
has Sporogonium, 244, 299, 304. Fig. 421, 

427, 431 
Sprengel, 6 
Spur, 135, 136. Fig. 231, 264, 266 
Spurred, 125, 130. Fig. 231, 264, 266 
‘Spurred rye.’ See Ergot 
Squamose bulb, 82. Fig. 122 

- Stag’s horn moss. See Club-moss 
' Stamen, 111, 137, 220. Fig. 201, 207- 

| arr, 265-286, 450, 491, 524, 529 
ale ~Staminate. See 

Staminode, 135, 137. Fig. 262 
Standard. See Vexillum 

_ Starch, 26,173. Fig. 42-46 
_Stegocarpi. See Bryacez 
-Stellatze, 393. Fig. 139, 504 
Stellate parenchyma, 4o. Fig. 63 
Stem, 70, 71, 75. Fig. 108-122 

m zs Stem-tendril, 109. Fig. 196 
Steppe-region, 441 
Sterculiacez, 4oq_ 
‘Sterigma, 267. Fig. 398 III. 
Stigma, 142, 143. Hig. 211, 287, 290- 

295, 359, 461, 468 =~ 
Stigmaria, 422 
Stinging hair, 63, 110. Fig. 88 

_ Stipella, 92 
~ Stipes (in Basidiomycetous Fungi, the 

stalk of the pileus), Fig. 392, 393 
. Stipitate (stalked), 127. Fig. 236 

Stipule, gr. Shes 144-146, 154, 182, 184, 
| 185, 187, 5 
Stolon (a Sot which, after appearing 
above the surface, afterwards strikes 
down into the soil, and roots), 305 

Stoma, 58, x61, 304, 320. Fig. 85, 86, 
430, 444, 460 

teate fruit. See Drupe 
Stratification, 417 ; 
Stratified Lichens, 286, Fig. 409, 414- 

416 
Strawberry, 146, 405. Fig. 301 
‘Streaming’ of protoplasm, 199 
Striation, 16. Fig. 26 
Strobilus, 12x 
Stroma, 263 

| Glossarial Inde. ag 
TER 

Strophiole, 155 
Style, 142, 143. Fig. 287, 290, 291 
Stylopode, 397. Fig. 507 11. 
Stylospore, 268 
Styracez, 387 
Suber. See Cork 
Subfamily, 239 
Subkingdom, 238 
Subrotund (nearly round), 95 
Subsidiary organs, 108, 134 
Subspecies, 237 
Subtribe, 239 
Subulate, 105 
Subvariety, 237 

~ Succession of crops, 170 
Succulent, 107, 134. Fig. 192, 302, 326 
Suction, 165 
Sudan, 443 
Suffruticose, Ti 
Sugar, 345 
Sulphur, 162, 168 
‘ Sulphur-rain,’ 184 
Sunflower, 391 
Superior, 114 
Supradecompound, 103. Fig. 188-190 
Suspensor, 189, 332. Fig. 83 Il., 363 
Sutural dehiscence, 149 
Suture, 142 
‘ Swarming,’ 10 
Swarmspore, 178, 200, 250, 268. Fig. 82, 

385, 400, 401 
Symmetrical, 124, 129 
Sympetalous. See Gamopetalous 
Symphyllous. See Gamophyllous 
Sympodium, 76, 122 
Syncarp, 146 
Syncarpous (applied to an ovary or fruit 

the carpels of which are closely cohe- 
rent), Fig. 313, 320, 323, 326 

Syngenesious, 140, 390. . Fig. 278, AO Fes 
Synsepalous. See Gamosepalous 

"TABERNEMONTANUS, 4 
Tamarind, 402 

Tangential section, 69. Fig. 96 
Tannin, 379 
Tap-root, 73. Fig. ror 
Tapioca, 378 
Taxinez, 337. Fig. 328, 457 
Teeth, 149. Fig, 306) sae i: 
Tegmen, 155 
“Tela contexta;’ 39. Fig. 65 
‘'Telegraph- plant,’ 205 
Teleutospore. Sze Resting-spore 
‘Temperature, 208 
Tendril, 108, 203, 400. Fig. 146, 196 

514 
Tension of tissues, 176, 197 
Teratolozy, 216 
Terebinthacez, 407 
‘Terminal bud, 82. -Fig. 123 
Terminal style, 143. Fig. 289, 291 
Ternate. See Trifoliolate 



Ps 

OVER 

Se rey Terpinnate, 104. Fig, eo 
Med oc, Werfiary: rocks, 4209 » 

; , Testa, 70, 155. Fig. 97, 305, 331-334, 
A 365, 369, 3 379 461 IV. 

sth gone 'Tetradynamous, 130; 449.0, Figs 200, 
ttn! , (274, 529 
_.... Tetraspore, 178, 250. Fig. 382 
\... Thalamiflore, 407 | 

-Thalamifioral corolla, 114. Fig. 209 
»  Thalamus (the receptacle of a flower, or 

\, part to which the other organs are at- 
tached), Fig. 209 

Thalloid Hepaticz, 296, 2908. 
ie AD, A22 

_ Thallophytes, 69, 244 
; Thallus, 69, 285. Fig. 389, 409, 414, 415, 
ays VAIS. A27., 422 
_. Theca (repository or urn), 268, 304. Fig. 

399, 427, 429, 430, 433 
seem Thecaspore. See Ascospore 
#. 1. .. ‘Theophrastus, 3 

- 'Thickening-layer, 15. 
 'Thickening-ring, 43. 
Thorn-apple, 384. 

Fig. 349, 

Fig. 10-27 
Fig. 460, 472 B 

Fig. 310, 494 

a 

pike Thymelzacez, 374. Fig. 207 
Thyrse, 122 

pero Aaacebs, 409 
Meri w  hissue, 37 

Vig Tobacco, 384. Fig. 493 
Tomato, 384 

bit 32. Lomentose,) 110 
\ Toothed, 125, 131. Fig. 230, 250 

Torula, 277. Fig. 402 
. /Tournefort, 4 

Pie hracheide,:20, 367. Fig. 35 
wey Transition from stamens to petals, 141, 
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