


THE BOOK WAS
DRENCHED



UNIVERSAL
LIBRARY

OU_166690

AdVddll
TVSHAAINN






OSMANIA UNIVERSITY LIBRARY 3
Call No. 630' z"2'/,v“a'pAccesmon No. 7—6 ”/

Author

Tide ﬂ?l‘vwh%l[ ,9?4

This book should be rcturned on or before the date last nfdrked below.






PRINCIPLES OF
AGRICULTURAL BOTANY






PRINCIPLES OF

AGRICULTURAL
BOTANY

ALEXANDER NELSON B.Sc. Pu.D. N.D.A.

Lecturer in Plant Physiology and Agricultural Botany
University of Edinburgh

THOMAS NELSON AND SONS LTD
LONDON EDINBURGH PARIS MELBOURNE
TORONTO AND NEW YORK



All rights reserved

THOMAS NELSON AND SONS LTD
Parkside Works Edinburgh 9
3 Henrietta Street London wc2
312 Flinders Street Melbourne c1
91-93 Wellington Street West Toronto 1

THOMAS NELSON AND SONS
385 Madison Avenue New York 17

SOCIETE FRANGAISE D’EDITIONS NELSON
25 Rue Denfert-Rochereau Paris ve

First published September 1946



PREFACE

THE agricultural student of to-day may expect to see farming
under a wide diversity of natural conditions. As he moves about,
the knowledge he will find most useful in new situations or under
unfamiliar circumstances is a knowledge of principles. The
material included in this book has been selected with this require-
ment in mind, but local applications of botanical science have
been described for purposes of illustration.

It seemed to the author that he could best use the strictly
limited space at his disposal by eliminating as far as’possible
descriptions of what the student should see for himself, and it
may appear that some subjects have received rather cavalier
treatment. No attempt has been made to trench on the studies
which should more appropriately be carried out in the field or
in the practical laboratory. Nevertheless, matters of botanical
interest significant in agriculture have received adequate treat-
ment.

I am grateful to many friends all over the world for providing
many photographs ; these have been acknowledged in the
appropriate place. Miss B. D. Inglis provided all the line draw-
ings of plant material, and the Colour Plates X and XV ; to
her I am especially grateful. My thanks are due to my two
friends and colleagues, Dr. Janet F. A. Maclagan and Mr. John
Anthony, who have read the proofs. Finally acknowledgment
must be made to the publishers, whose enthusiasm has made
the book possible.

A. N.

University Department of Botany
at The Roy]l) Botanic Garden
Edinburgh June, 1946






TO THE STUDENT

THis book has been planned and written with two main objects
in view. First, to put before you those principles of plant science
that bear on Agriculture, along with some examples of the applica-
tion of them to farming practice. Secondly, to assemble all the
information likely to be required by you when preparing for
a formal examination in Botany, leading to a degree or diploma
in Agriculture.

How to Use the Book. Read the text through. Do not attempt to
master detail, but rather try to see the pattern botany makes as
it seeks to serve world agriculture. When this reading has been
completed study different parts of the text in an order different
from that adopted here, so that new relationships are formed
between the various segtions and chapters. Relate what you read
to what you see in the laboratory and field.

Do not try to remember words. Visualize what the words
mean ; clarify and sharpen the mental images you foerm by
making drawings ; write précis of what you have read.

Work in the Laboratory and Field. Plant science consists very largely
of the recognition of plants and parts of plants, and of the effects
of peculiar conditions on plants. This branch of the subject
cannot be learnt satisfactorily from books, no matter how profusely
they are illustrated. In this book, the features used in identifying

lants have been defined and the methods of using them indicated.

ou yourself must see, draw, describe, and as far as possible
experiment until ;)you recognize a specimen or phenomenon in
the same way as you recognize an acquaintance—by familiarity.
This aspect may be summed up in these words, “ Seek for practical
experience.”

Preparing for an Examination. In preparation for this narrower
part of your work, first see a syllabus of the examination, and
read through questions set on previous occasions. This should
direct your detailed studies along suitable lines. During these
studies the writing of simple précis covering selected parts of the
subject will focus your attention, and later aid your memory.

Further Work in Botany. After you leave college and your pro-
fessional career develops, more data than can be included 1n a
general text will be required. As a guide to further reading, a
list of books more specialized in character is appended to each

chapter. Up-to-date information should be obtained from
vii



TO THE STUDENT

original papers reportin% new research. Abstracts of these are
iven in a number of publications, and a list of Abstract Journals
1s appended.
eep abreast of the general trends of agriculture by reading
the periodical press which serves our industry so well. The
publications of your Department of Agriculture will also help you.
In all your reading and study be critical. When statements
made by authorities appear to conflict with one another or with
observations of your own, you should refer to the object itself, to
experimentation, or to the practical man on the land, who often
has the facts though perhaps not the scientific explanation.

ABSTRACT JOURNALS WRITTEN IN ENGLISH
Biological Abstracts. Sponsorcd by the Union of Biological Socicties of America,
Philadelphia

Experiment Station Record. Issued for U.S. Department of Agriculturc by U.S.
Government Printing Office, Washington, D.C.

Horticultural Abstracts. Issued by Imperial Burcau, Horticultural and Planta-
tion Crops, East Malling, Kent

Plant-breeding Abstracts. Imperial Burcau of Plant-breeding and Genetics,
Cambridge

Herbage Abstracts. Impcrial Bureau of Pasturc and Forage Crops, Aberystwyth
Soil and Fertiliser Abstracts. Imperial Bureau of Soil Science, Harpenden, Herts
Forestry Abstracts. Imperial Forestry Bureau, Oxford

The Review of Applied Mycology. Imperial Mycological Institute, Kew

The Bibliography of References to the Literature of the Minor -Elements. Issued by
the Chilean Nitrate Educational Bureau, 120 Broadway, New York, or
Stone House, Bishopsgate, London
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SECTION ONE

MORPHOLOGY AND ANATOMY

AFTER a brief discussion of what is meant by food and
the importance of the plant as a food-making organism,
this section deals with the appearance and construction
of a typical green plant.

There are two main divisions in such a study—
Morphology, the study of outward form, and Anatomy,
the study of internal structure. Study of the fine
anatomy of the ultimate units of construction—the
cells—is called Cytology.

All these will be dealt with here, but only in so far
as they serve useful ends cither in understanding how
the plant works, or in identifying the different plants
or parts of plants which are important in agriculture.






CHAPTER 1
FOOD IN GENERAL AND ITS SEVERAL KINDS

GREEN plants make their food from materials which are not them-
selves food. This synthesis is the basal activity of the agricultural
industry. Animals can only change the character of that on
which they feed ; no animal can carry out the primary synthesis.
All agriculture then depends upon the successful exploitation of
the food-making capabilities of the green plant.

The water, gas, and manures which the plant absorbs from
outside and uses cannot be regarded as food ; their energy content
is nil.

Plants and animals live on exactly the same kinds of food.
Man and the herbivores merely consume the bodies of plants or
the stores they have made and accumulated for their own use.

Food is defined as “ all those substances which can be used
by a living organism as a source of energy or for the formation
and repair of body tissues.”

THE SEVERAL CLAsses oF Foop

Within this definition three main classes of material are recognized.
These are carbohydrates, fats, and proteins. There are other
essential compongnts of a complete diet, vitamins, minerals, etc.,
but none of these are required in quantity, nor are they so funda-
mental in character, and indeed may not be food within the terms
of the definition.

The three big classes are not of equal value in the sustenance
of the living organism. On the basis of the energy they supply,
carbohydrates yielding 4-15 calories per gram are not so valuable
as proteins giving 565 calories per gram, and these in turn are
surpassed by fats with an energy content of g-4 calories per gram.

In so far as food is regarded as a source of energy this standard
of value may be regarded as valid, but when the functions of
body-building and tissue repair are considered the order of merit
alters.

Proteins are of greatest value to the living organism, because
they are the essential components of the actual living material—

3
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protoplasm. No life is possible in the absence of protoplasm, and
it is a complex mixture of different proteins. Protein is difficult
to synthesise and has a special scarcity value. It is the most
complex foodstuff the plant produces, and requires for its forma-
tion an adequate supply of nitrogen and other elements which are
often in short supply.

Carbohydrates are ‘‘ cheap ” to produce but bulky to store.
They may be valued against fats, which are more difficult to
produce and more concentrated, entirely on relative energy
content.

CARBOHYDRATES

Consider now what these foodstuffs are and how they are
used. The simplest are the carbohydrates. They contain in
their molecules only carbon, hydrogen, and oxygen. The hydrogen
and oxygen are present always in the proportions they show in
water, two of hydrogen to one of oxygen. Hence the name
hydrates of carbon or carbohydrates.

Within the carbohydrates the simplest member manufactured
by the plant contains in its molecule six atoms of carbon, twelve
atoms of hydrogen and six atoms of oxygen. This may be written
C leO These atoms in the molecule are not arranged in
space in any haphazard fashion, but in very definite ways. For
example, the carbons always form a chain with the hydrogens
and oxygens disposed about them laterally.

As for example :

HO—C—H .
I~
H—C—OH™__

—

HO—(L—H ~0
H—(jJ—OH/
H-¢

(L,H,OH

A form of Hexose

This is the best representation of a molecule possible on a
plane surface such as a printed page. It must be remembered
that these molecules are three-dimensional bodies, and in the
example shown the constituent groups are distributed round the

4



FOOD IN GENERAL

carbon chain. The formula given is merely a projection. The
photographs of models shown in Fig. 1 give a more accurate
impression of the actual structures.

Isomerism

The point of importance, however, is that if there is any change
in the spatial relationship of the various components, (H) or (OH)
groups, the substance alters in some of its characters such as
sweetness, solubility, and so on. As there are many possible
arrangements of these groups on the six-membered carbon chain,
there are many possible substances having the formula C¢H, ,0,,
all of which possess individual characteristics. Substances which
have the same elements in their molecule, in the same proportions,
but show different properties due to different groupings or dif-
ferent arrangements in space of similar groups, are called isomers.
Of the many possible isomers of CgH;,04 only two occur com-
monly in plants. These are glucose and fructose. It will be
noticed that both those names end in “ ose.” This termination
should be used in naming the simpler carbohydrates and many
of the substances built up from them but containing in the
molecule no other additional component. The members with
six carbon atoms then may be termed the hexoses.

Condensation

When two hexose molecules come together under appropriate
conditions, one can lose a hydrogen (H), and the other a hydroxyl
(OH) group, while the two main bodies join through the valence
bonds so set free. Thus a large molecule, nearly double in size,
with the general formula C;;Hp,0O;; is formed and water HOH
thrown out.

Similarly three hexoses can form a ‘‘ three times ”” molecule
C,;sH3,0, and two molecules of water are thrown out.

This ability of simple carbohydrates to act as a group or radical
and form more complex molecules without the introduction of a
new component is called condensation. For this reason the
hexose molecule is called a monosaccharide while the twice
hexose C;,H,,0,, sugars are the disaccharides.! = Both classes
are included in the general term * sugars.”

1 If the terminology were standardised the various carbohydrate groups would
be called saccharoses. An appropriate prefix would be added, ¢.g. monosaccharose.

5



Fic, 1

Models illustrating the structure of carbohydrates ; black spheres are carbon,
large whites are oxygen, and small whites are hydrogen

(a) ““Skeleton” of glucose (b) complete glucose  (c) maltose ¢ skeleton >’
(d) starch “skeleton” (e) cellulose. ¢ skeleton ”

6




FOOD IN GENERAL

The higher and more complex members similarly take a
prefix appropriate to the number of monosaccharide groups in-
cluded in their molecule.

In nature the plant forms first mono- and then perhaps
disaccharides. Trisaccharides are rarely formed. The next
stage in condensation is when many hexose molecules are used to
form a large molecule called a polysaccharide. The plant,
instead of making the polysaccharides from monosaccharides by
a step-by-step process, adding one hexose at a time, seems to
take many monosaccharide molecules simultaneously and form
the larger molecule directly.

The polysaccharides have a molecule represented by
(CeH,005), or more accurately as (C),(H,0),_, when z is a high
number, probably never less than 30 and often more than 200.

Hydrolysts

Just as the complex polysaccharide molecule is built up by the
plant with apparent ease, so too is it broken down. Quite slight
alterations in conditions can change the process of condensation,
with water being discarded, to a process of breaking down with
replacement of water in the molecules. This process of re-forma-
tion of monosaccharide units from one of the higher forms takes
its name, hydrolysis, from this fact that water has to be broken
into two parts, (H) and (OH), and these fixed into the separate
derivatives.

Condensation and hydrolysis are processes quite opposite in
effect ; one, the Building-up of complex molecules from relatively
simple units ; the other, the breaking down of the complex to
the simple. The value of this mechanism to the plant is seen
when the differences in character of the different grades are
studied.

Monosaccharide molecules are relatively small and very soluble
in water. As will be shown later they can be moved about in
the plant quickly and with comparative ease. Thus they may be
rapidly transferred from one part of the plant where they are
many to another part where they are few.

This mobility, and the fact that they provide a very quickly
available source of energy, makes them very useful.

On the other hand the occurrence of high concentrations of
monosaccharide molecules may be a danger to the maintenance

7
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of physical balance in the cells and tissues. By condensation to
disaccharide the number of molecules present is reduced to half,
and the solubility of these molecules is less.

Thus condensation of a mono- to disaccharide reduces the
risk involved in having many molecules in solution at once, while
at the same time not reducing by much the availability of the
material as a source of energy.

When sugar synthesis is rapid and the concentration of mono-
plus disaccharide reaches dangerous levels, condensation in
many plants is carried further to form polysaccharides. Commonly
these are starches and celluloses, which are practically insoluble.
Being insoluble, they are almost completely inert physically.

Starch

Starch locks up a store of energy which can be kept indefinitely.
Later, hydrolysis will reform the monosaccharide for use in situ
or translocation as, and where, and how required. Starch then
is a practically inert reserve substance readily rendered available
for use when required.

Cellulose

On the other hand, monosaccharide derived directly from syn-
thesis or from hydrolysis of stores can be built up into cellulose. Cel-
lulose differs from starch fundamentally only in that the arrange-
ment of the monosaccharide units in the large molecule is different
This alteration in arrangement of the units renders cellulose not
only insoluble but also not easily hydrolysed. It also confers on
the material considerable tensile strength. Thus cellulose is the
basic material for constructing the ‘‘ skeleton” of the plant.
Walls in their many forms in the plant are first laid down as
cellulose.

The Carbohydrate Flux

The picture suggested is one of the plant synthesising com-
paratively simple units, the monosaccharide molecules. The
units, usable in themselves as an energy source, are also equally
important as ‘“ building bricks.” By the process of condensation
the bricks may be piled up in a compact molecule as starch for
use in the future, or they may be arranged into the more per-
manent molecules of cellulose to form the skeleton of the plant.
Thus by condensation and hydrolysis the carbohydrates are
8
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in flux either in up-grade from simple to complex or down-grade
from complex to simple, the direction taken depcndmg on con-
ditions within and without the plant.

Addition Compounds of Cellulose

It will be convenient to note here that the characteristics of
cellulose in the plant are usually modified by the addition to
the wall of another component derived from less well understood
syntheses. For example, a wall of pure cellulose may be rendered
impermeable to water by the deposition on its surface of molecules
of an oily character. This is in effect very like the application
of paint to the walls of a house. Again, molecules of other sub-
stances such as lignin, a highly complex aromatic alcohol, may
be introduced into the walls between the monosaccharide units
and alter its characteristics. This is analogous to putting material
in the spaces of hollow-brick walls of a house.

Summary : The Various Uses of Carbohydrate

In summary form it may be said the carbohydrate flux and
modification of its members provides an energy source, units of
transport, skeletal material, and reserves for any or all of these.
Finally, some form of carbohydrate is the basal material for the
synthesis of almost all other compounds in the plant.

FaTts

Fats differ fundamentally from carbohydrate in that there is less
oxygen in the molecule. That is to say, they too contain only
carbon, hydrogen, and oxygen, but the oxygen is in a smaller
proportion to the hydrogen than is found in water.

Having less oxygen in the molecule increases the proportion
of carbon and hydrogen, the oxidisable material, and hence unit
weight of fat provides more energy than unit weight of car-
bohydrate. Fat is a more concentrated source of cnergy. Fats
occur in the plant as oil. Oils differ from fats only in having a
lower melting point and are therefore liquid at normal tem-
peratures. In the plant they occur as droplets in the sap. They
provide a concentrated form of energy, and are invariably used
as stores or reserves usually in situations such as a seed where

9
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space is restricted. When the reserves have to be drawn upon,
oils must first be converted back to carbohydrate, so that they
are not so readily available when required.

PROTEINS

Protein molecules are very large and complicated. They are
built up by a method analogous to that by which polysaccharides
are formed though the units employed are more varied in char-
acter than monosaccharide. How the basal units of protein are
synthesised is not well understood, but how they condense is
quite clear. The units are molecules ©f amino-acids.

The Structure of a Simple Amino-acid

There are many different kinds of amino-acids. Theoretically
they may be regarded as derived in the following way. Let us
commence with an alkyl group, and here we will use methane,
the smallest and simplest, as our example. This substance may
be represented as CH, or structurally as :

H

H—A}——H
B
By appropriate manipulation each of the hydrogens may be
replaced by other groups. One which may be used in this way

is the carboxyl group
O

V4
—C—OH
This group when present in a molecule confers an acid character;
it is typical of organic acids. Hence, if the compound
O

V4
CH—C—OH
or structurally :
H O]

is made, the compound is acetic acid.
10
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Another group which may be used to replace another hydrogen
of the alkyl is (NH,), the amino group. Like ammonia, to which

it is related, it is highly basic in character. This gives a compound
CH,NH,COOH, or structurally :

H O
A 7
H—N—C—C—OH

ik

which is amino-acetic acid or glycine.

Condensation of Amino-acids

It will be noticed that this molecule is so constructed that it is
basic at one end of a carbon chain and acid at the other. Having
such a constitution it is called an amphoteric compound, i.e. one
having a double nature.

If two of the glycine molecules are brought together in a
suitable way the acid portion of one reacts with the basic portion
of the other, and water is eliminated. This is seen in this way :

H O H O
l, 7 . | 7
H—1|\1~(,:—c—gpg“__._g'g._m_c—c—ou
B o

and the compound which results is glycylglycine :
&l O H O

7\ 7
H—N—C—()-ITI———(I}-C——OH -+ H—OH
[
H H H H

This compound is still amphoteric, having an acidic group at
one end and a basic group at the other. This condensation can
go on till the very big protein molecule is built up. It will consist
of amino-acid units linked through the special linkage

O
Va
—C—N—

At every link of this kind one molecule of water will have been
eliminated.
It
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Hydrolysis of the Peptide Linkage

In nature the breaking (hydrolysis) of this linkage is commonly
carried out by an agent called pepsin. Therefore it is called the
peptide linkage, and is the fundamental link in all proteins.

The point it is desired to make here is that proteins are
hydrolysed with comparative ease in the same way as carbo-
hydrates, and that the building units are always amino-acids.

Complication of the Proteins

There are many different organic acids, and depending on the
nature of the one involved, amino-acids differ considerably
amongst themselves. Further, any number of the side hydrogens
may be replaced. Many different groups may enter into these
replacements, and the presence of each confers on the amino-acid
concerned other and often potent characteristics. Inclusion or
omission of any one amino-acid or variation of it changes the
nature of the protein so formed. The character of the protein
built from this very varied set of bricks also changes if the number,
or the order in which different members come on the chain, is
altered. In short, the possibility exists of many millions of
different proteins. The marvel of the chemistry of the plant
is that any one kind of plant, generation after generation, always
builds the same kinds of protein.

Tae Living PLANT

Definition of what is meant by living, and what by plant, is
not easy. In fact, living can only be defined by reference to
the characteristics shown by something which is alive. Anything
which is alive exhibits six different activities or functions all
working together and organized into a harmonious whole. This
ability to organize is taken as the mark of living-ness, for when
it disappears disease and death follow.

The Primary Functions
The six primary functions of the organism may be listed :

(1) The living plant takes from its environment material chemically
unlike itself. This it refashions so as to build up its own
substance. It is said to feed.

12
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(2) By a controlled process, analogous to combustion, energy is
released from the substance in the body. In short, the
organism breathes or respires.

(3) The excess of material from the building-up process of
feeding over the breaking-down process of breathing is
used to increase the size of the body, and the organism is
said to grow.

(4) In time, new and different units of structure or organs are
added to the body, and it is said to develop.

(5) Life doubtless originated in a water medium, and the necessity
for water is a heritage of everything that is alive, it must
imbibe.

(6) Finally, living things by a process more complex than simple

division or fission reproduce their kind. They are said to
reproduce.

The green plant, as has been said, adds a seventh and most
important ability, that of being able to manufacture its own
food from material that is not food, using light as a source of energy.

By understanding each of these functions, manipulating and
controlling them, primary food production may be exploited to
the best advantage.

BOOKS FOR FURTHER READING
WintoN, A. L. and K. B. Analysis of Foods (John Wiley & Sons, Inc., New
York ; Chapmar, & Hall, Ltd. London)
PLiMMmER, R. H. S. Organic and Bio-Chemistry (Longmans & Co., 1938)

THATCHER, R. W. The Chemistry of Plant Life (M‘Graw-Hill Book Co., Inc.,
New York, 1921)
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CHAPTER II

THE GREEN PLANT: MONOCOTYLEDONS
AND DICOTYLEDONS

FroM what has been said in Chapter I, the chief interest of
agriculture is directed to green plants. A great many kinds of
these exist in the world to-day. Some are quite simple in
structure, being formed from only one unit or cell. Others
show great complexity of body, being composed of many
thousands of individual cells all working in harmony. Between
these two extremes all degrees of complexity may be seen.

EvoLuTtIiON

Such a sequence is believed to be the result of a process of
evolution, whereby a simpler form acquiring a new part or ability
gives rise to a new and higher degree of complexity.

A similar sort of process may be seen in human affairs. The
simple kite such as boys fly provided the aerofoil. Kites of vary-
ing complexity developed, and the glider eventuated. Provision
of an engine led to the development of the many forms of the
powered aeroplane. At every stage, any development which on
trial did not render the “ plane > more suited to the purpose
would be rejected and so eliminated from the stream of develop-
ment. Only the “ useful ” would persist. These three major
types of air-borne structure are alike in principle but differ in
many ways, and each has given rise to many variations, but
definite lines of evolution and a degree of relationship can be
seen connecting all forms from the simple kite to the modern
air liner.

Organic Evolution

Amongst living things from time to time new types arise, not
from man’s invention, but naturally. When one of these varia-
tions occur, if the individual showing it develops better, survives
longer, or reproduces more profusely, in fact is able to compete
successfully with its contemporaries, it tends to become pre-
dominant over them. It is said to succeed in competition because
it is more fitted to survive in the particular environment involved.

14
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Plant Introduction

Two general concepts may be derived from this. Firstly, that
the plants occurring naturally in any area will tend to be the
types most suited to the environment there. This concept under-
lies the principles governing the decision as to which crops should
be grown in a newly settled country. Similarly it determines
which kinds are likely to succeed when introduced into one country
from another. Usually plant introductions are made from one
area to another of somewhat similar environment. Evolution,
however, may have taken place faster and gone further along
particular lines in the one area than in the other. Hence when
the transfer is effected the migrant may “ succeed ” extraordinarily
well in its new home. If it is a crop plant it will displace from
cultivation some of the kinds already growing there, and perhaps
change the whole character of the agriculture. The introduction
of the potato into Britain is a case in point. If, however, the
migrant is a weed the result may be disastrous. The introduction
of prickly pear from America into Australia provides a spectacular
example which will be discussed later.

The second concept which may be emphasized is that of
plants competing for space in which to develop.

Plant Competition

This latter idea of competition amongst plants for living space
and survival strikes a dominant note in agriculture. ‘“ Successful ”’
plants of use to nfan, particularly those which accumulate large
reserves of food, tend to be used as crops. Those not of use are
often weeds. Successful food production turns largely on mani-
pulating and maintaining as far as is practicable an environment
so as .to favour the desired crop plants and depress natural but
unwanted competitiors. Many examples of this will be discussed
in a later chapter.

If the general concept of organic evolution be accepted as
a long process of trial and error—living things producing
new types, the environment eliminating those not fitted for it
and preserving those which are—it now falls to see briefly some-
thing of the higher plant’s body, and how it has come to be as
it is.

(485) 15 3
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The Land Plant

It is believed that plant life originated in the water. A major
step was taken when the early aquatic types varied in such a
way as to produce a body capable of surviving on land. The
move on to land demanded firstly the production of an outer
covering or skin to prevent desiccation of the living protoplasm.
Secondly, a compromise had to be struck between a demand for
the exposure of a large surface to light, and the necessity for such
strength of body as would permit the plant to resist gravity and
other deforming forces which had been * cushioned off > while
the plant still floated in water. The first land plants must have
been small and remained close to the ground like the liverworts
and mosses we see to-day. (Plate 1)

When the soil surface became fully carpeted, any plant there
which could grow upwards against gravity would obtain most
light and its lowly contemporaries would be shaded. The upward
growing habit confers great advantage in the competition for
light. The adoption of this posture, however, brought new
problems. Water absorption still occurred at or below ground
level, hence a system of conduction became essential to connect
the organ of absorption with the aerial parts which were losing
water.

The body of the present-day higher plant, then, bears all the
marks of the struggle for light, the need for protection from desic-
cation, and the development of such mechanical strength as will
connect and hold together its various specialized parts.

The Form of the Plant Body

Essentially all higher plants consist of a main axis like a central
back-bone and other parts laterally. Typically this axis consists
of a portion in the soil, the root, and a portion in the air, the shoot.
The axis is fully strengthened, and internally possesses parts for
rapid conduction of various materials from one part to another.
There are very many plants which conform to this description.
The great group of ferns and their allies do, but only a few
of them enter into agricultural practice, and these as weeds. It
is with the specialized land plants which have evolved still
further to produce flowers and seeds that agriculture is chiefly

concerned.
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The seed-producing plants are the highest product of evolution
in the vegetable kingdom. Those important to the farmer protect
the seed inside a fruit, and are called the angiosperms. Amongst
these a great diversity of form is exhibited.

Monocotyledons and Dicotyledons

In order to facilitate study a special * standard type ” must first
be defined.

This is done, first, by reference to the seed. A seed may be
regarded as an embryo plant having an embryonical axis with
either only one or only two embryonical leaves. These seed
leaves are known as cotyledons. From this the higher flowering
plants are divided into those with one cotyledon, the mono-
cotyledons, and those with two, the dicotyledons.

When the members of these two classes diverged in this way
from each other early in their evolution, characteristics of the
adult body diverged too. In short, there are two main classes
of higher seed-plant, each differing in many ways. At this stage
three of these differences seen in the adult plant will serve in
recognizing and choosing a dicotyledon for study as a standard

type.

Fic. 2
Left  Root of monocotyledon Right Root of dicotyledon

The root system of a monocotyledon is fibrous, in a dicotyledon grown from seed it
consists of a branched taproot

17
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MONOCOTYLEDONS

DIcoTYLEDONS

Root

Central axis absent or very short.
Many roots, all of equal thickness
and length, forming a tuft.

When a leaf is held up between the
eye and the light the * skeleton ” is
seen to be formed from a number
of veins all of equal thickness and
running in parallel courses.

The several parts in threes, or
multiples of three.

Flower

System

Central main axis present and
bearing many side roots or branches
—a branched tap-root. No branch
as thick as the main central root.

¢ Skeleton ” made up of one prin-
cipal main vein and many side
branches, the fine venules forming
a net-work.

The several parts in fours, or fives,
or multiples of these numbers.

Fic. 3

Leaf venation

Left

Monocotyledon

18
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Fic. 4
Flower parts
Left Monocotyledon Right Dicotyledon

The plant to which the following chapter will apply is one
such as a bean, a wallflower, shepherd’s-purse, or any other
dicotyledon grown from seed.

A plant of the grass family (including the cereal grains), or
a lily or crocus, will not conform to the description, for it is a
monocotyledon.

BOOKS FOR FURTHER READING

STRASBURGER, E. Text-Book of Botany (a collective work. Trans. by W. H.
Lang). This is a general text-book covering the whole subject. (Macmillan
& Co., London, 1930)

SKENE, MACGREGOR. The Biology of Flowering Plants. (Sedgwick & Jackson, 1938)
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CuaptER II1

MORPHOLOGY AND ANATOMY OF STANDARD
TYPES

THE DICOTYLEDON

MorrHOLOGY may be defined as the study of form or shape.
Ordinarily the outward aspect of the plant as a whole is referred
to, but it is quite common for the morphology of a particular
part or organ to be discussed. Anatomy is the study of internal
structure.

Reference Points in Morphology

In both morphology and anatomy the relationships in space of
the several parts, one to the other, are important, and so reference
points or ‘‘landmarks ” must be carefully defined as required.
The first of these is the plane at which the soil surface meets the
plant. This is called the ground level.

THE MORPHOLOGICAL AXIs

Rising above this level and descending below it is the main axis
of the plant. This is sometimes called the longitudinal axis or
vertical axis, but the best term is morphological axis. In the
portion above the ground, at least, it may not be long as, for
example, in a red clover plant in winter. It may not be vertical,
as in the creeping stem of a procumbent or trailing plant like
white clover, or the common pea when it is not supported.

The Root

Typically, the part of the axis below ground consists of the main
axis striking down into the deep layers of the soil. Because it
“ taps ” the supplies of water and minerals there it is called the
tap-root. It is recognized as a root because all the side or lateral
members it bears are identical with it in all respects except perhaps
size. This leads to the definition of a root as a plant organ which
has as its chief function the absorption of water, and which
normally bears no lateral members other than replicas of itself.
20
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Root Branches

When an organ bears a lateral mem-
ber like itself it is said to branch,
and the member is called a branch. -
Branches arising on the axis itself are
primary, or branches of the first order.
When a primary branch in its turn
forms a subsidiary, this one is called

a secondary, or branch of the second
order. The primary branches are not T~
all of equal length, thickness, or age. "~~~ _
The oldest, thickest, and longest ones
come off the axis nearest the surface
of the soil, while the youngest, short-
est ones arise on the axis some little
way behind the tip. When branches
are arranged in this way they are
said to have arisen in acropetal suc-
cession.

If lines are imagined connecting
the tip of the axis with the tips of
the longest branches at each level,
they will trace out a cone. The base
of the cone will, of course, be towards
the surface of the soil and the apex
directed downwards in the soil. The
morphological base of the root axis
is at the centre of the base of this cone, and the morpho-
logical apex of the root will be at the point of the cone. The
tap root and its branches constitute the root system of the plant.

It will be noticed in this definition and discussion that it has
not been said that roots are non-green. Roots may become green
if exposed to light. Nor has it been said that they are in the soil,
for roots can and do occur above the soil surface.

Fic. 5

Roots of dicotyledon plantlet

The Stem

At or about the base of the tap-root there is a small transition

region, and then above that the axis continues into the main

stem. This region of the axis may be short or long, green or non-

green, depending on circumstances, but if it is a true stem it
21
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will bear members unlike itself called leaves. This constitutes
the primary difference between a stem and a root.

Leaves

Leaves are organs developed from the superficial layers of a stem,
and in an order and arrangement typical of the plant which
bears them. They do not repeat the shape or internal structure
of the stem.

Nodes and Internodes

Where the leaf joins the axis, the stem is slightly thickened like
a little knot or node, hence this part is called the node. The bare
portion of axis extending between nodes is called the internode.
A stem axis then is constructed of alternate nodes and internodes.
Closer examination of a node will show that the leaf diverges
outwards and subtends an angle with the main axis. This angle
is called the axil of the leaf.

In the axil of the leaf the stem bears a bud. Always, a true
leaf has a bud in its axil. The leaf may fall off, as from a tree
in winter time, but a scar is always left on the surface where it
was attached. A node, then, is that point in a stem where a leaf
or its scar of attachment subtends a bud.

The Bud

A bud is merely a very young stem in which the axis has not
yet elongated ; the internodes are short, and the leaves not fully
expanded. The young leaves and delicate axis tip may be pro-
tected by an outer layer of leaves modified to scales.

There are two kinds of bud on a stem. Those which terminate
stems are called terminal buds, and those which occur in the
axil of a leaf are called axillary or lateral buds. Both kinds may
be either active (growing) or inactive (dormant). In a perennial,
such as a tree which casts its leaves, all buds are dormant during
winter. A terminal bud in active growth provides for the elonga-
tion of the stem which bears it.

When an axillary bud becomes active it develops into a
branch, provides for its elongation, and becomes the terminal of
that branch. A terminal bud is sometimes called a *‘ leader.”

Many lateral buds normally remain quiescent indefinitely,
and indeed after a year or two abort. In the growing of fruit

22
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Terminal Bud or Leader

Node
Internode

Axil

Main Stem or Axis

The parts of the shoot system

and other trees, persistent and dormant buds at the base of the
trunks may become active for no apparent reason. The branches
so produced are usually useless and called suckers.

In many plants it is normal for the terminal bud to provide
for elongation of the branch during part of the season only ;
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after this it forms flowers or other parts. It ceases to ‘“lead.”
This has the same effect as loss of the terminal by accident or
pruning. The result is, the lateral bud first below soon becomes
active, straightens up more or less into line with the original
axis and takes the lead.

In some plants, as, for example, many of the fruit trees, some
of the branches are specially reserved for flower and fruit pro-
duction. The leader of such a branch adds very little in each
year, while the lateral buds form flowers. After a few years this

Fic. 7
A fruiting spur in winter

fruiting spur, as it is called, is still quite short, and has its surface
covered with scars where leaves and fruit stalks have become
detached.

THE ARRANGEMENT OF PARTS ON THE SHOOT

The stem axis, its buds, branches, and leaves, constitute the shoot
system of the plant. The morphological base of the shoot system
is at its junction with the root axis. It is clear that the youngest
leaves, and therefore youngest buds or branches, are nearest the
apex of the axis. They arise in acropetal succession. In addition
to this leaf arrangement along the axis, an arrangement round
its cylinder can be seen.

Phyllotaxy

In many plants, when the points of insertion of the leaves are
connected by an imaginary line, it traces out a helix or spiral
like a winding stair. This is called a spiral arrangement. If, in
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Fic. 8
Leaf arrangement

(a) Alternate in two rows (b) Alternate in three rows
(¢) In pairs opposite (d) Whorled
The ““ ground plan ” of each is also shown

passing from the base of one leaf to the base of the next one above
it, the line passes round one half of the stem, the arrangement
or phyllotaxis is said to be a half. The leaves will be alternate in
two rows up the stem. If the line travels only one-third of the
way round the stem in passing from one leaf to the next above
phyllotaxis is one-third, and the leaves will be in three rows.
The fraction found for any one kind of plant is definite and
typical of it. Phyllotaxy differs as between different kinds of plant.

In some plants the phyllotaxis is not spiral, for more than
one leaf comes off at one level. If two are at one node they
are said to be in pairs. If successive pairs are inserted on diameters
of the axis cylinder which are perpendicular to each other, the
leaves are said to be opposite and decussate. If more than two
leaves come off at one level they are said to be in whorls. A
knowledge of phyllotaxy is important for two reasons. First, it
indicates the way in which branching will take place and a tree
may be “ shaped ” by pruning. Second, it assists in identifying
plants at certain times, as, for example, woody twigs in winter.
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FG. 9
Left A petiolate leaf Right A sessile leaf

THE LEAF

The primary function of a Jeaf is the absorption of light in food
making, and therefore it is desirable that one individual should not
overshadow another. The ideal is that leaves should “ fit into ”
each other and form a mosaic. When the flat leaf is attached
directly to the stem this ideal is difficult to achieve. Many leaves
are therefore formed of two parts, a flat blade or lamina carried
out from the stem on a leaf-stalk or petiole. Leaves of this type
are described as petiolate. On the other hand, a leaf which con-
sists of a blade or lamina only, attached directly to the stem, is
said to be sessile. Methods of branching, arrangements of leaves,
torsion of petioles, modification of lamina shape, etc., all help to
prevent overshadowing, and go towards the production of an
efficient light trap.
Leaf Shape

Leaf shape may assist in this regard, and varies considerably.
In some plants the lamina is a more or less complete oval with
the edge quite entire. This is the simple leaf which in somewhat
more advanced forms becomes incut. In the most advanced forms
the incuts extend right to the centre of the blade, so that the
lamina is divided into separate portions. Each separate portion
of a divided lamina is a leaflet. A leaf composed of leaflets is
said to be compound. There is no bud at the base of a leaflet.
26
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a
Fic. 10
Leaf shape—one main vein
(a) simple (b) lobed (c) compound

Note in (c) the petiole is expanded to form two small ““ wings ” called stipules

SUMMARY OF THE MORPHOLOGICAL REGIONS OF THE PLANT

The picture, then, is of two regions or systems in the plant. There
is the root system branching and rebranching, usually under-
ground, exploring the largest volume of soil compatible with the
habit of the plant. In the air is the shoot system, branching and
extending so that, by its leaves, it may hold up to the light the
maximum surface compatible with the existence of the plant.

A4

Fic. 11
Leaf shape—more than one main vein
(a) simple lobed (b) compound
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Fic. 12
Epigeal germination of Castor Oil plant

The cotyledons act as suctorial organs absorbing the endosperm. They are carried
above the soil and expand as green leaves

28



Fic. 13
Hypogeal germination of Broad Bean plant

The cotyledons full of food remain below ground and the young plant draws
nourishment from them
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Adventitious Organs

In connection with roots, stems, and
buds the word adventitious is often
used. This indicates that the member
in question has arisen in a peculiar
place. For example, if a gardener cuts
off an appropriate piece of stem and
places the cut end in soil, roots may
develop in the region of the wound.
These roots arising from a stem are
adventitious roots.  Similarly, some
roots if cut off and specially treated
will produce buds. These are adven-
titious buds. Adventitious roots often
develop naturally ; as, for example,
those commonly seen on the stem of
ivy as it clings to a wall.

Fic. 14 SEEDLING MORPHOLOGY

Adventitious roots The formation of all these various parts
Acrial roots rising on the stem  jn each generation proceeds from the
ey development of the small embryonic
plantlet seen in the dry seed. This little structure shown in
Fig. 69 (page 166) consists of a short axis which has at its apex an
embryonic terminal bud (the plumule) and at the other end an
embryonic root-tip (the radicle). At a point between these two
extremes the cotyledons are attached or inserted. The region of
axis between the insertion of the cotyledons and the plumule is
called the epicotyl, while that portion below the cotyledons is the
hypocotyl. .

During the process of germination and subsequent growth
either the hypocotyl or the epicotyl lengthens, but not both. If
the hypocotyl lengthens the cotyledons are carried up above
the surface of the soil and germination is described as epigeal.
Conversely, if the epicotyl lengthens the plumule alone will
come above the soil level and the cotyledons will remain buried
in the soil. When this happens and the cotyledons remain in
the earth germination is described as Aypogeal.

These two cases may be summarized :
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PorTION OF AxIs

WHICH LENGTHENS GLRMINATION

Epicotyl >< Epigeal
Hypocotyl Hypogeal

In the more nearly adult plant the two regions may be recognized
for, roughly, the insertion of the first leaf above the cotyledons
marks the top limit of the epicotyl, while the origin of the first
branch root marks the lower limit of the hypocotyl.

TypPE oF ‘
|
|

ANATOMY
Reference Points, Lines, and Planes

Having defined the various regions of the plant, it now falls to
see something of their internal structure or anatomy. Once again
it will be appropriate to lay down reference points, lines, and
planes. As we have seen, a root axis plus shoot axis forms a
cylindrical structure, the growing points at the distal ends and
the junction of one with the other at the proximal ends. The
line joining the two apices is thc morphological axis. Any plane
or section at right angles to this line is called a transverse plane
or transverse section. Any section parallel to the morphological
axis is a longitudinal section. There are two possible longitudinal
sections : one which cuts longitudinally down on any radius of
the transversc section. This is known as a longitudinal-radial
section. In the other longitudinal section the planc of the cut is
parallel to the morphological axis and down any line tangential
to the circumference of the transverse section. This is the longi-
tudinal-tangential section. The contractions usually used to
denote these three sections are T.S., L.R.S.,; and L.T.S.

In considering a leaf a little trouble may arise. The part
of the leaf proximal to (that is, ncarest to) the stem is the base,
and the part farthest away (distal) is the apex. The line con-
necting base with apex is the morphological axis. Any plane
cutting across this line at right angles is a transverse section. The
blade of the leaf is not often radially symmetrical about this axis,
but is typically flat with upper and lower surfaces. Any plane
which cuts through the leaf perpendicular to the surfaces is a
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THE SECTIONS OF A CYLINDRICAL ORGAN

T.S. exposed
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The axis is a cylinder

N

The radius and tangent L.R.S. exposed

o

L.T.S. exposed

T.S., L.T.S., two L.R.S.’s exposed
Fic. 15

The sections of a cylindrical organ
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Fic. 16
The plant cell

(a) In perspective. A box of
cellulose lined inside with
protoplasm in which a
nucleus is immersed

(6) Seen in section. Note
the wall, protoplast, and
denser nucleus

vertical section. This term may be usefully applied to a plane
perpendicular to the surface in any flat organ.

THE CELL

The anatomy of a plant is studied by observing thin slices (sections)
of the various parts under some degree of magnification. Observa-
tion is often assisted by staining the preparation with appropriate
dyes. When a section is examined it is seen that the higher plant
is made up of a large number of small units or cells. All plants
are cellular in structure. Each cell is a discrete unit, and when
alive consists of a portion of living protoplasm with a nucleus
immersed in it. Physically, protoplasm is rather like thin jelly
and almost colourless. Chemically, it is formed of a mixture
of proteins. The nucleus is rather more viscous and chemi-
cally is more complex. In the plant practically all cells are
enclosed within a non-living wall. The plant cell may be
pictured as a one-compartment box filled or lined with living
contents.
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The Multicellular Plant

There is no doubt that the very primitive plants were very small
and consisted of onec cell only. Forms of these unicellular types
can be seen to-day, usually living in water. Such a self-contained
unit is not capable of claborate organization. If, however, in
carly evolution a group of these unicellular organisms remained
stuck together and did not separate, each could aid the other
slightly. This probably happened and a * colony * of individuals
developed. Later in cvolution, different members of the colony
took on special duties or functions, each undertaking a specialized
part of the whole work of the group; a degree of organization
appeared, and a form of multicellular organism was created.

How the Many Cells are Produced

All highly evolved living things during their life repeat some of
the evolutionary history of their race, and this is seen in plants.
Each individual starts life as a single cell. This divides into two.
These two each divide, and so give four cells. In time this process
of division provides a group of cells all apparently alike. The
greater part of the group alter the nature of their contents, their
shape, and the nature of their walls, so as to become specialized
for special functions. Each and every cell of the very many
making up the plant body starts off in the embryonical condition
as a result of division of a pre-existing cell.

The process of division of body cells is seen when a small
portion of an actively growing part, such as a root tip, is killed
and “fixed.” Tixation is done by immersing the tissue in some
chemical which quickly penetrates the tissue, and by its action
““ freezes,” as it were, the individual cells in the state they were
in life. Sections made of such a tissue are then stained with
appropriate dyes.

Division to Form Cells of the Body: Mitosis

The nuclei take the dominant part in division and different cells
in the section will show different stages of the process. The
earliest evidence that a division is about to take place appears
when in a cell the amorphous mass of the nucleus seems to have
condensed into a long tangled thread, more deeply stained than the
surrounding protoplasm. Cells in a later stage will be seen where
this thread is thickened and has attracted the dye even more avidly.
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PLATE 1 LIFE ORIGINATED IN WATER

The first land plants must have kept close to the soil. They had little mechanical
strength and dried out casily



2 SIMPLE GREEN PLANTS

A plant capable of normal life as a single cell tends to form a colony.
Each cell is green and fully functional

A simple multicellular plant. Note the lar%e nucleus (lying

centrally) and the other living contents filling each cell
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Next, the nuclear thread breaks up into short rod- or dot-like
bodies. Because of their ability to stain deeply with appropriate
dyes in this way, those * coloured bodies > are called chromosomes.

Different chromosomes differ in length or perhaps in shape,
but very soon it will be seen that in cach nucleus there are two
of each particular size or shape. The chromosomes in the nucleus
of a body cell are paired. The members of such an identical
pair are homologues and constitute a homologous pair. In the
usual case, no matter where or when actively dividing cells in the
body of any given species are examined, the set of chromosomes is
identical as to number of pairs and the shape of the individuals
composing each pair. The number, size, and form of the
chromosomes in the set is constant for the species.

As the process of division proceeds, the chromosomes come
to congregate on a plane at the “ equator ” of the nucleus—the
equatorial plate. Once the chromosomes are arranged on this
plane or imaginary plate, each one is seen to separate down its
long axis into two exactly equal halves. The pairs have duplicated.
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Lines of fibre-like structures now radiate out from what may be
referred to as the poles of the cell. Each fibre extending out from
each of the poles to the equatorial plate attaches itself to a half-
chromosome. One fibre from one pole goes to one half-chromo-
some, while a fibre from the opposite pole goes to the other
half of the same chromosome. The polar fibres now appear to
contract, each pulling onc half-chromosome towards the pole.
The half-chromosomes part company, one to onc pole and the
other to the opposite pole. Each lot of half chromosomes in this
way congregates at or near the pole of the original or “ mother ”
cell. The two congregations of half-chromosomes each includes
a specimen half of every chromosome in the original *“ mother ”’
nucleus. So are formed two ‘‘ daughter nuclei” identical in
chromosome content and exactly similar to the *“ mother *” nucleus.
- The chromosomes in these derived or ‘ daughter ” nuclei
now lose their sharp outline and shape. A process of dissolution
sets in to form a jelly-like blob similar to that seen in the original
nuclcus. As the chromosomes lose their identity a cross wall
forms in the equatorial plane, and cuts the protoplasm originally
present into two equal portions. This first thin common wall
is called the middle lamella. Two cells with protoplasm and a
nucleus are constituted. This is mifesis or somatic division,
whereby a cell of the body or soma divides to form two cells. These
are qualitatively identical, and each exactly similar to the cell
from which it was derived.

The two daughter cells formed from such a mitotic division
are then supplied with food from the main body of the plant
and soon incrcase quantitatively to the sizec of the original
“mother ” ccll. They are then ready either to divide in their
turn or alternatively to modify into permanent elements of the
plant body. In a growing point it is only the cells nearest the
tip which divide ; those towards the rear modify.

Once a cell has modified to any extent it becomes incapable
of division. In certain cases, cells only very slightly modified, if
properly stimulated, become young again and recover this ability.

Aberrant Mitosis : Heteroploidy

Very occasionally the processes of cell-division are interrupted

or partially disorganized, so that the two derived nuclei do not

receive exactly equal halves of the chromosome set seen in the
36



MORPHOLOGY AND ANATOMY: DICOTYLEDON

original nucleus. The cell-wall which normally parts the daughter
nuclei may be omitted, and a bi-nucleate giant cell is produced.
Or one or more chromosomes of a set may be diverted to the
wrong pole and two nuclei of different constitution result. One
of these will be plus one, or more, chromosomes, while the other
will be minus the same number. These two forms of aberrant
division may be regarded as extremes, and various intermediate
degrees of the abnormal may occur. Any nucleus which shows
an aberrant number of chromosomes is said to be keteroploid.

If a heteroploid nucleus is not too cxtremely aberrant it is
capable of division, and the cclls of a tissue derived from it are
also heteroploid. Plants with heteroploid nuclei may differ
morphologically or physiologically from the parent, and be of
more value in agriculture. This “ useful ” aspect of the pheno-
mena will be dealt with in Section Four.

Induction of Heteroploidy

Heteroploidy may be induced in three different ways. In nature
by extremes of some external factor, such as temperature. In
culture when a plant is mutilated very considerably as by drastic
disbudding, cells of the callus tissue which forms on the wounds
may organizc buds, and some of these may be heteroploid. Again,
certain chemicals, for example colchicine, when applied to the
plant in very high dilution, interfere with cell division. If the
concentration used is too low no effect is produced, if too high
the plant dies. Plants differ quite considerably in their sensitivity
to the different drugs and their concentration. There is a con-
centration of each drug for each plant which produces just such
an upsct of division as will not cause death.

The differences in sensitivity between the different plants are
further exploited, not to form new plants, but to kill some and
leave others unaffected. Some selective weed killers are chemicals
of this class, and these will be further discussed in Section Three.

Tissue FoRMATION

Any group of cells all having the same form and engaged in the
same function is called a tissue. A group of cells engaged in
mitotic division is called a meristematic tissue, or briefly a meri-
stem. Obviously a meristem may be looked for in any part
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where growth is active. Meristematic tissue is easily recognized,
for the cells are uniform in shape, being somewhat brick-like,
have thin walls of pure cellulose, and are packed tightly together.
There are no spaces between cells, and inside the walls the cavity
or lumen is quite full of protoplasm with the nucleus lying in the
centre. A meristem is derived from a previously existing meristem.
Those seen at ihe tips of the tap-root and primary shoot, derived
as they arc from thc embryo, are primary meristems. Where
slightly modified cells in older parts of the plant reassume ability
to divide, the actively dividing cells so produced constitute a
secondary meristem.

Cell Modification : Simple Enlargement and Intercellular
Space Formation

From the quite unmodified simple ccll produced by mitotic
division come all the various kinds of cell composing the diflerent
tissues of the plant. Each particular cell-kind is known as a tissue
element. In the simplest form of modification, the individual
cells produced in the meristem lose their angular shape and round
off. By degrees they cach become larger and somewhat spherlcal
One result of this change in shape is that little spaces appear in the
tissue between individual cells, very much as they do between
individuals in a heap of potatoes or tennis balls. These are the
intercellular spaces. Each intercellular space is connected with
its neighbours. The spaces between cells form a continuous
network filled with air. Oxygen or any other gas can thercfore
pass through this ramifying system of passageways to reach any
and every cell. The cells too form a complementary network,
for every one is in contact at different points with its three or
four immediate ncighbours. Liquids and dissolved substances
can pass through the walls from cell to cell at the points of
contact.

Vacuolisation

While each cell is assuming the spherical shape it expands. This
increased volume is due to watery fluid accumulating in the
protoplasm in droplets. Each of these drops enlarges. Finally,
when the cell has reached its full size, the individual drops run
together in the centre of the cell, forming one big drop called
the vacuole.
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PLATE 3 CHROMOSOMES

Two nuclei of wheat at a mid point in the process of dividing.
he individual chromosomes are commencing to split



PLATE 4 MITOSIS

Six stages in the process of division in a body cell



PLATE 6 CELL MODIFICATION

Newly formed parenchyma. Each cell is thin-walled : there are no
intercellular spaces

Left  Parenchyma cells rounded off and intercellular spaces formed
Right Collenchyma as seen in T.S. of a stem



PLATE 6 PROSENCHYMA OF FLAX

T.S. stem to show prosenchyma massed towards the
periphery

Prosenchyma larger magnification than Prosenchyma highly magnified
that above

Note the very small cell cavity due to extreme thickening of the wall
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Fic. I8

Progressive steps in vacuolisation

Parenchyma

The final appearance of such a cell is that of a spherical wall
lined on its inner surface by a layer of protoplasm in which is
immersed the nucleus. The main volume of the cell is filled with
the watery sap of the vacuole. A tissuc composed of such clements
is called parenchyma, and the cells are described as paren-
chymatous.

When parenchyma is used for storage, starch-grains, oil-
droplets, crystals of inorganic compounds, and other solid non-
living inclusions may be deposited in the cells. Soluble material
remains in solution in the cell-sap.

Further modification of parenchyma affects the walls rather
than the contents of the cell. The wall may alter considerably in
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shape or may be altered chemically, while the protoplasm and
nucleus either remain unchanged or are taken out of the cell
altogether.

CeLL WALL MODIFICATION

The various more spectacular cell modifications leading to forma-
tion of special tissue clements may now be described. The
simplest of these consists in the thickening of the cell wall with
more cellulose. Usually cellulose is spread evenly over the wall
surface, apart from little thin areas left where cells abut. These
thin spots in a thickened common wall are known as pits, and
the wall is described as pitted. The pits provide for seepage of
water and other material from cell to cell.

Collenchyma

In peculiar cases the thickening is not deposited on the common
wall between cells, but is concentrated on those parts where
cells abut on intercellular spaces. While this particular kind
of thickening is going on the cells concerned usually change shape
and elongate in a line parallel to the long axis of the organ they
occur in. A cell so produced is seen in transverse section as round-
ish in outlinc with thickenening ‘“ at the corners” ; in longi-
tudinal section it appears more like a fluted column. Such a
cell, or a tissue composed of a number like it, is called collenchyma
and described as collenchymatous. Obviously, thickening of the
wall increases mechanical strength, and the collenchymatous type
gives greatest strength in a longitudinal direction—that is, ““ up-
and-down ”’ a stem or root.

Prosenchyma and Sclerenchyma

Where greater strength is required than that provided by collen-
chyma, the elongation of each cell is carried still further. This
in the extreme case provides cells many times longer than broad.
The individual cells slip one over the other, so that each presents
a great portion of its surface to its neighbours. Wall thickening
always accompanies such elongation, and this may be carried so
far as nearly to fill up the whole interior of the cell with wall.
When extreme thickening of this type occurs the living contents
of the cell disappear.
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A tissue made up of cells many times longer than broad, each
with a thick wall and devoid of living contents, is described as
prosenchymatous. The prosenchyma cells are often called fibres.
The beautiful fibres got from the stem of the linen plant (flax)
are of this nature. Linen fibres are long, hair-like cells with
walls of nearly pure cellulose, so thick as almost to fill the cell
cavity.

Many other plants produce equally long fibres, but in them
the walls are considerably modified by the addition of some
material other than cellulosc. A substance called lignin is
commonly used by the plant for this purposc. A tissue made up
of long fibrous elements, whose thick walls arec hardened by
lignification, is termed sclerenchyma.

Possession of a sclerenchymatous tissue confers great strength
on an organ, for not only are the individual f{ibres very strong,
but owing to their great length cach one overlaps its neighbours
for quite a long distance, so that they adherc together very
powerfully.

All the purcly mechanical tissues of the plant arc made up,
wholly or in part, of one or other or some combination of these
four clements.

Elements for Water Conduction : Vessels

When specialized function has to be provided for, more elabo-
rate modifications have to be made. For example, water passes
but slowly from one cell to another, and somc method of fast con-
duction is required. Where conduction or mass flow of Lquids
is to be engaged in “ pipes ” must be constructed. To do this
a line of cells one above the other cxtending from the growing
point of the root to the growing point of the shoot is involved.
Each cell elongates in a line parallel with the morphological axis
of the organ. Then the cross walls (i.e. walls transverse to the
axis) are dissolved out and the living contents absorbed. This
gives a long empty tube running from the distal end of the root
right up through the shoot.

Vessel Thickening

Like any other pipe whose walls are soft, they would be liable
to burst under pressure or buckle when the axis swayed in the
wind, hence before the living contents arc absorbed the walls
are strengthened by lignification. A long specially strengthened
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tube for conduction of water as it occurs in the plant is known as
a vessel or vas. When the thickening is deposited in rings at
regular intervals along the vas an annular vessel results. If the
thickening follows a helical or spiral linc up the internal surface
of the tube, the structure is a spiral vessel, and if uniform over the
whole surface except for pits, it is known as a pitted vessel. Such
vessels, or vasa, are typical of the water-conducting tissue called
the xylem.

Tracheids

In some plants the xylem elements are not true vessels but elements
of a less wecll-developed type. In the formation of these, the
vertical line of cells does not lose the cross walls, but each cell
elongates to resemble, in shape, a not too-well-developed fibre.
When seen in transverse section the cells appear square, while
in a longitudinal view they are lozenge-shaped with diamond-
shaped ends. The walls are usually thickened and have many
pits. True vessels are sometimes named trachee, hence these
structures which approximate them arc trachea-like or tracheids.

Elements for Food Conduction : Sceve Tubes

Somewhat similar lines of cells go to form the tubes used for the
conduction of food from onc part of the plant to another. The
cross walls here arc not completely dissolved out, but are picrced
by large-diameter holes to form a sieve-like plate across the tube.
This provides the sieve tube, the characteristic clement of the
phloem or food-conducting tissue. Associated with each length
of tube—that is, from one plate to the next-—is a companion
cell. This results from the method whereby the units form. As
a preliminary to the formation of the tube cach cell of the line
is divided into two by a longitudinal wall. Unlike a normal cell
division, the nucleus doecs not divide but passes entire into one
of the products. This cell which receives the nucleus is the
companion-ccll, while the other which receives no nucleus but
only protoplasm goes to participate in the formation of the
sieve tube.

These are the two main conducting tissues of the plant. First,
the xylem for conducting the water and dissolved salts derived
from the soil ; second, the phloem for conducting true food. The
first is recognized by the presence of vessels ; the second by the
presence of sieve tubes with companion cells.
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PLATE 7 XYLEM VESSELS

An annular vessel is seen in the
centre of the photograph

Spiral (Sp.) and pitted (Pit.)

vessels.  An intermediate

type with close or tight

spiral (T. Sp.) thickening
lies between



PLATE 8 PHLOEM ELEMENTS

Phloem cut transversely. (Left) Two sieve plates are scen ; (Right) A number of sieve
tubes (large and empty) each with a companion cell (small and full)

Phloem cut longitudinally shows two sieve plates



MORPHOLOGY AND ANATOMY: DICOTYLEDON

TISSUE SYSTEMS

Usually the elements of the xylem and phloem are accompanied
by packing cells of parenchyma or strengthening cells of scleren-
chyma. Such a unit, composed of a mixture of diffcrent elements
but engaged in onc particular function, is called a tissue system.
The xylem as a whole (vessels with associated parenchyma, and
sclerenchyma) is a tissuc system. Recference may be made to
xylem-parenchyma or xylem-fibres when these elements occur
associated with lignified vessels or tracheids. So, too, thc unit
engaged in food conduction and composed of sieve tubes, com-
panion cells, phloem parenchyma, and phloem fibres, is the phloem
tissue system. The phloem is somctimes called the bast ; hence
the term bast-fibres is often used.

Special Tissue Elements

The only remaining types of tissue element requiring mention
are not essential constituents of a plant but often occur.

Sclerides

Individual cells with thick, hard walls sometimes appear isolated
in otherwise soft tissue. These isolated clements do not constitute
a sclerenchymatous tissue, but each is known as a scleride or
stone cell. 'The *“ gritty ” consistency often noticed in the soft
flesh of a pear is caused in this way.

Lactiferous Tubes

The so-called lactiferous tubes or latex vessels in appearance are
long tubes somewhat similar to vessels, but formed in a rather
different way. They carry, not watery solutions, but a milky
juice or latex. This is seen when the tissues of a dandeclion are
cut across and a white latex ““ bleeds’ out. The latex of a
number of different plants when extracted and processed makes
the rubber of commerce.

Glandular

Another tissue is the glandular, which secrctes various substances.
The glandular and lactiferous may be associated to form long
tubes lined along their length by glandular cells.
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THE MORE IMPORTANT TISSUE ELEMENTS

Summary of how they are formed and description of their essential character

Tissue elements: cach
unit formed from an 3
individual cell
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Tissue elements: each
functional unit formed <
from more than one cell

Any Section
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Parencuyma. Cells

spherical (isodiametric).

Living contents, vacuoles,

and 1ntercellular spaces
present.

PArRencHYMA with walls

thickened uniformly ex-

cept for pits.  Living
contents present,

CorLrLeEncHYMA. Ceclls
clongated, and wall thick-
ened locally towards inter-
ccllular  spaces; living
contents present.,

ProseNcrHyMA. Cells con-
siderably elongated. Walls
thickened with cellulose ;
may be pitted. Living
contents disappear.

ScLERENCHTYMA. Practical-

ly identical in appearance

with prosenchyma. Walls
not purc cellulose.

XvLEM VEsseELs formed
from a row of cells parallel
with long axis of organ.
Units variously thickened.

PHLOEM ; sieve tubes and
companion cells.
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Tissues must be identified by their Elements

It is of importance that in interpreting a microscopic prepara-
tion, tissues and tissue systems should be recognized and delimited
by the presence of the typical elements. It so happens that the
tissues and tissuc systems arc usually arranged in the various
organs in a perfectly definite manner and in the same spatial
relationship one to the other. Students are often tempted to
“recognize” tissues by thcir position in sections. Some plants,
however, do not conform to the usual or standard pattern, and
hence errors occur in describing these anomalous forms.

ARRANGEMENT OF TISSUE SysTEMS IN A DICOTYLEDON

As has been said, thesc various tissuc elements when grouped to
serve a definite function constitute a tissue system. The various
tissue systems occur as discrete parts or regions in the various
organs, all being disposed in definitc ways. It is to the typical
arrangement of tissuc systems in the dicotyledon we now turn.
For this purpose, scctions in the three possible planes—T.S.,
L.R.S., and L.T.S.—must be examined. It is to be remembered
that the axis is cylindrical, therefore we may refer to its centre,
that is, the line running up the middle and also to its radii extend-
ing in a straight line from the centre to the outer layer.

The Transverse Section

In the centre of the stem is seen a tissue of purely parenchymatous
elements. This is the pith or medulla, which occupies a central
position the whole length of the axis. Running out transversely
from this are narrow rays of parenchyma, thc medullary rays.
The medullary rays pass outwards till they mect a ring or belt
of parenchyma called the cortex. Occupying the space bounded
on either side by medullary rays, internally by the medulla and
externally by the cortex, is one vascular bundle. In transverse
section, the bundles are seen to be equal in number to the medul-
lary rays and to be on radii alternate with them. The bundles
form a ring of ““islands ”’ round the central medulla, each being
separated from the other by a medullary ray and all equi-
distant from the centre. Immediately outside the ring is an
ill-defined layer, the pericycle, then comes the continuous ring
of the cortex. Outside the cortex is the skin or epidermis.
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PROGRESSIVE “BUILD-UP” OF THE TISSUES SEEN IN

(a) The central medulla and
medullary rays,

LY
() The medulla, rays and
cortex.
The specialized inner-
most layer of the cortex
is the endodermis




THE TRANSVERSE SECTION OF A DICOTYLEDON STEM

(d) The stele, all the tissues
internal to the endodermis.
Each bundle shows xylem,

cambium and phloem

(485)

Fic. 19
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(c) The vascular bundles
in a ring.
The region between
them and the endo-
dermis is the pericycle
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Fic. 21
the L.T.S. in relation to the T.S.

Cortex
Epidermis

Dicotyledon stem :



COLOUR PLATE I

ANATOMY OF A DICOTYLEDON: THE STEM
IN TRANSVERSE SECTION

Upper : The whole scction is under intermediate magnifi-
cation, the wide pith lying centrally is composed of
parenchyma. ‘The vascular bundles—twelve in number
here—are arranged in a ring. The pericycle is ill-defined
and lies outside the ring of bundles. The cortex, formed
of parenchyma, extends from the pericycle outwards to
the epidermis, which is the outermost layer and is one
cell deep. Extending from the pith to the cortex are the
medullary rays. The darker stained (blue) band of cells
running round the section through the bundles and across
the rays is the cambium

Lower : One bundle is magnified under higher power,
lignified tissue stained red. The xylem elements (vessels),
somewhat angular in outline, are towards the inner (lower)
aspect. Above them, in the plate, lies a thin band of
regular thin-walled cells—the cambium. Qutside the
cambium is the phloem, stained blue. In the phloem the
large diameter clements are sieve tubes; the smaller
elements which accompany them are companion cells.
External to the phloem the large mass of deeply stained
(red) tissue is sclerenchyma. This bundle is collateral,
that is to say, the xylem and phloem lic on the same radius.
Collateral bundles in a ring, wide pith and narrow cortex,
are typical of dicotyledon stem structure
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COLOUR PLATE II
ANATOMY OF A DICOTYLEDON: THE ROOT
IN TRANSVERSE SECTION

The whole section is under intermediate magnification.
The outermost layer of cells is the piliferous layer, and
within this lies a wide parenchymatous cortex, the cells
of which are filled with dark-stained starch grains. The
endodermis, one cell deep, lies between the cortex and
stele and is well marked. Within the stele the red-
stained area includes the phloem. The phloem groups
are on alternate radii with the dark-stained arms of the
xylem. (The cambium is not well marked in this section.)
Radial bundles, narrow stele, and wide cortex are typical
of a root structure



MORPHOLOGY AND ANATOMY: DICOTYLEDON

The innermost ring of cells of the cortex, that is the one in contact
with the pericycle, is specially identified, for often (more appar-
ently in the root) the radial wall of each cell is thickened with
suberin. This little strip is called the casparian strip and the ring
of cells is called the endodermis. All the tissues internal to the
endodermis constitute the stele. A summary of these various
regions may be made by following in the transverse section one
of the radii on which a bundle occurs. At the centre is medulla,
then bundle, then the region of the pericycle, then the endodermis,
then the mass of the cortex, and finally, on the outside, the
epidermis. This general layout of tissue and tissue systems is
typical of the dicotyledon axis, though small differences occur
between root and shoot.

The Arrangement of Tissuss in the Vascular Bundle of a Dicotyledon

Little need be said about the medulla and its rays. The bundles
attract most attention. Rather more than half the bundle is
xylem, and this tissue lies on the inner aspect towards the central
medulla. The phloem lies on the outer aspect of the bundle
next the pericycle. Between the xylem and phloem a few cells
will be seen which are thin-walled and full of living contents.
This small region of typical meristematic tissue which has per-
sisted with its cells unmodified since the stem was made by
the primary meristem is called the cambium. Because it is a
direct persistence of the original meristem it is called a primary
cambium. The presence of a cambium is of considerable signi-
ficance and is typical of a dicotyledon, its function is to'add new
cells as required to thicken the axis. This mcans the bundle is open
for further development and may be described as an open bundle.

The bundle in the stem is therefore composed of xylem
internally, cambium in the middle, and phloem externally. All
three tissues lie on the same radii, and the bundle is called a
collateral bundle.

The Longitudinal Section

What may be seen in longitudinal section depends on whether
the cut is radial or tangential. When the radial section (L.R.S.)
passes through a medullary ray, this structure is seen to be con-
tinuous from centre to cortex but only a few cells deep. Unlike
the other tissues of the axis, the rays are not continuous from top
to bottom of the axis. Rather they may be pictured as arms
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running out laterally from the central core of medulla like the
arms of a many-armed fingerpost.

In the tangential section (L.T.S.) the rays are seen cut across
as the spokes of a wheel would be by a tangential cut.

The pith or medulla then is a continuous central core, supplied
with arms or rays which run out to connect with the cortex.
The function of this structure is to provide a path between the
exterior and the inner tissues for transverse conduction ; gases
in the intercellular spaces, water and dissolved substances from
cell to cell. All the other tissues run continuously from apex to
base and show their characteristic elements as already described.

The Tissues of the Dicotyledon Root

When this disposition of tissues in the dicotyledon stem is com-
pared with that in the root of the same plant, only two differences
are remarkable. These are clearly seen in T.S. As in the stem
the xylem is nearer the centre than the phloem, and the cambium
is between them, but the xylem and phloem groups instead of
being on the same radius are on alternate radii. The bundles of
the root therefore are not collateral but radial.

The second difference is that the medulla in the root is con-
siderably reduced so that the bundles are brought much nearer
the centre. Put otherwise, in the root the stele is narrow and
the cortex is broad, while the converse is true of the stem.

This difference in disposition of the tissues is connected with
questions of mechanical efficiency. The xylem elements are
strong, and it is to be remembered that most of the fibrous ele-
ments run alongside the conducting elements up and down the
axis. The fibro-vascular tissues can be pictured as ropes stretching
from a point just below the tip of the stem down necarly to the
tip of a root. The significance of their internal disposition in
the root and more nearly external disposition in the stem can
then be seen. As the stem sways in the wind it bends at the soil
level. The “ropes” in the stem have to be out to the exterior,
working over the fulcrum of the pith, if they are to pull the sway-
ing axis back to the vertical. In the root the ““ ropes ” have to
be as near central as possible so as to give a firm anchorage.
The transition region where the bundles run in from near the
skin to near the centre is at or about soil level. This region of
transition in the axis is mainly in the hypocotyl.
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MORPHOLOGY AND ANATOMY: DICOTYLEDON

All these tissucs of the mature axis arc derived by modification
from cells formed by mitosis in the primary meristem at the shoot
or root tip. The anatomy of these apical regions of the axis are
best studied in a median longitudinal section, i.e. a longitudinal
section in the plane of a diameter.

The Stem Apex

The extreme shoot-tip is a mass of very delicate undifferentiated
tissue. The first sign of differentiation is seen a little way behind
the tip. Here the outermost layer of cells takes on the character
of an epidermis. The cclls remain very close together with no
intercellular spaces, and are rcgular in shape. This layer is
called the skin producer or dermatogen.

Within this is a Jayer some few cells deep called the periblem.
It will form the cortex. Inside the periblem is a central core
of cells, the plerome. From the plerome develop all the com-
ponents of the stele. These three layers, dermatogen, periblem,
and plerome, are the primary histogens.

If a slightly older portion of the young stem is examined,
the dermatogen will be seen to form little humps by cell division.
As older and older levels are examined the humps get bigger
and bigger, until they are seen each to be a lcaf with a bud in the
axil. Leaves and buds are formed from superficial tissues. They
are said to bec exogenous in origin. As the leaves get older they
grow by cell division at their bases and curl upwards to overlap
the young tissues above them. This forms a bud. The meri-
stematic tip of a shoot is protected by overlapping leaves.

The Root-Tip

In the root the meristem is as in the stem, and differentiates
into the thrce layers or primary histogens as described, though
of course no leaves or buds are produced by the dermatogen. In
addition to providing cells behind the tip for elongation of the
axis, however, the meristem at the very apex produces a mass of
cells in front of itself. This forms a protective cap called the
root-cap. As the root pushes its way through the gritty soil, the
cells of the outside of the cap are rubbed off, but the group of
cells is constantly added to on its inner side by the continuing
activity of the meristem.
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Origin of a Branch Root

When an older portion of thc young root is examined, the
origin of a branch will be seen. A small group of cells of the
pericycle opposite an arm of the xylem commences to divide
actively. By this means a lateral growing point is formed. This,
by its continued growth, pushes its way outwards from the deep
tissues of its parent through the endodermis, cortex, and skin to
the exterior. Conducting elements differentiate in the lateral
and connect with those of the parent root. Branches of a root
are of deep or endogenous origin, not as in the shoot, where they are
superficial or exogenous.

The Developmental Sones of the Root

From what has been said, it emerges that successive transverse
sections taken from the tip backwards up the root will cut through
zones at different degrees of development. These zones may be
roughly delimited by inspecting a young intact rootlet under a
hand-lens. The root used must be intact. To get this it must
be grown and produced in moist air. If taken from soil, the
contact between the earthy particles and the root is so intimate
that it is impossible to separate them without damage. Examina-
tion of a suitable specimen will show the root-cap in outline.
The axis for some way bchind the actual tip will be smooth and
glistening. This is the zone where the primary histogens are
taking shape. Behind this zone, the surface becomes more and
more covered with hair. The hairs nearest to the tip are youngest
and shortest. The hairs farther up the root are older and longer.
After the region bearing the longest hairs is passed the outer
surface of the root becomes smooth and brown. Inside the hair-
bearing zone, differentiation of the tissues is proceeding, and a
section taken in the region of the longest hairs will show fully
developed vascular bundles. Practically the whole of the water
absorbed hy the root is taken in through the hair-bearing zone.
Above the hair zone the skin of the root is of a cork-like nature,
almost impervious to water ; below the hair zone the root is too
young for maximum function. As the root lengthens the zonation
goes forward. As the hairs age they die and the root surface
modifies. New hairs develop on the younger zone.
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PLATE 9

LATEX TUBES AND TRACHEIDS

Tracheids in longitudinal
radial section of Lime Wood.
The rectangular cells run-
ning across the section are
those of a medullary ray




PLATE 10 THE ROOT

Seedling : Note the three zones of the root

Root hairs of Lucerne (highly magnified)
(Copyright Rothamsted Experimental Station)



PLATE 11 LEAF ANATOMY

Vertical Section : From above downwards—almost transparent cuticle,
upper epidermis, palisade parenchyma, spongy parenchyma, lower
: epidermis with two stomata cut across

A diagrammatic representation of the same



PLATE 12 THE LEAF EPIDERMIS
(Dicotyledon type)

Surface preparation. The only intercellular spaces are the stoma
pores. Only the guard cells contain chlorophyll

A portion of the above more highly magnified. General cells, round
with irregular outline, no green colour, large nucleus; guard cells
much green colour and large nucleus
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Root Hairs

When seen under higher magnification each root hair is seen
to be a tube-shaped out-thrust of the wall of an cpidermal cell.
Unlike other unicellular hairs they are very highly hydrated, and
the nucleus of the cell is in the shaft of the hair. The important
point is that by bulging outwards in this way the cells of the skin
of the root increase very much the total surface the root exposes
to the soil and its water. One might liken this part of the surface
of a root to the coastline of a country. If the coast has no peninsulas
and arms of land running out into the sea, the total coastline is
quite short. If, however, there are many peninsulas and out-
thrusts of the land the coast is much indented, and the actual
amount of contact, land to sea, is very large. The root hairs are
out-thrusts from the root surface into the interspaces of the soil.
It has been calculated that the ratio of surface of a root with
hairs to that of a root without hairs is as high as 18 : 1. The value
of root hairs to the plant is apparent when it is remembered that
the amount of material absorbed across a surface is proportional
to its area, other factors being constant.

The density of hair, and the length of the individual hairs,
varies with circumstances. Where there is plenty of water they
may be few and short or absent. As progressively drier soils are
occupied, the hairs progressively increase. When the soil is so
dry as to render the production of such an increased surface
dangerous as an agent of water-loss rather than gain, the number
and size of the hairs falls. It is interesting to notice that in a
soil with the proper amount of water (soil air fully charged with
water-vapour but not displaced by liquid water) the contact of
the root hairs with the soil particles is very close. The mucila-
ginous walls  flow >’ or bulge round the soil particles and partially
surround them. The root hair not only increases surface but gives
very intimate contact with the soil.

Water and manurial-salt intake is restricted, almost com-
pletely, to this area where the root hairs can and usually do occur.
The very youngest portion of each root is engaged in growth
and development and not fully organized for effective intake.
Above the hair area, the epidermal layer is either so modified
or replaced by another structure that entry is prevented. The
skin or true epidermis of a root, because it bears hairs of such great
significance, is usually called the piliferous layer.
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The conducting tracts are continuous
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The picture, then, we have of the dicotyledon root is of a
central axis with branches like itself, providing a powerful anchor-
age in the soil, acting as a conducting tract between the distal
absorbing region and the shoot. As thc root-tip grows out,
exploring a greater and greater volume of soil, the absorbing
region develops behind, exploiting always fresh ¢ feeding ground.”
As it occupies new areas downwards and outwards, intcrnal
modification carries the conducting tracts always behind. The
conducting tracts run continuously up from the root and into
the stem, passing out to branches and up through the leaves, so
that the conducting system of the plant is continuous throughout
from the finest branch root to the tip of the farthest leaf] just as
we might say the railway lines of a great railway system are
continuous. One might start at a very lonely country siding and
follow the lines back to the big main trunk routes, through the
marshalling yards, and out to the last little sidings in another
area ; there is no break in the lines along which transport is
carried.

THE LEAF

The main points regarding the morphology and anatomy of root
and stem having been covered, the lcaf requires brief treatment.
As has been shown, the leaf is a development for the trapping
of light energy. In addition, it is the organ primarily involved
in the exchange of gases from the tissues to the outer air, and
from the air into the tissues. The leaf accordingly is normally
a flat, expanded structure, and if the intake and output of gases
along with absorption of light energy werce its only problems,
then a large flat structure one ccll decp would be the ideal.
However, the leaf must occupy a position up in the air resisting
gravity, wind damage, etc. It must be strong and tough. Further,
it must provide accommodation for the conducting tracts, bring-
ing up water or taking away food, and hence has to have some
thickness. The leaf, then, is some cells thick and in area must
be adjusted, within certain mechanical limits, to the over-all size
of the plant. The demand that the greatest possible area of shoot
system be exposed to light is met by the flat, expanded shape
of the leaves. These should not overshadow one another, and
a great variety of modifications of shape and arrangement on the
stem have developed for this purpose, but the actual make-up
of the tissues in most leaf blades shows few variations, and
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they conform very closely to a standard pattern, and this is
our immediate study.

Leaf Venation : Dicotyledon Type

When the blade of a dicotyledon leaf is held between a strong
light source and the eye it will reveal its ‘‘ skeleton,” just as a
human hand might when placed in an X-ray apparatus. It will
be seen that a main-vein, or main-rib, as it is called, enters from
the stem and passes up into the lamina. Here it branches. The
arrangement within the blade varies in different kinds of plant,
but commonly there is one main-rib running centrally from the
base to the apex of the leaf, and from it come branches which
themselves branch and rebranch. The finer members curve and
twist and run together. The ribs and veins, with their finer
branches, the venules, form a network called, collcctively, the
venation. The venation as a whole serves three functions :
mechanical support, conduction in of water and dissolved salts
as well as conduction out of food. The duplication of terms,
““veins ”’ and ¢ ribs,” arises from this. In the sense of a skeletal
function, the thicker units are called ribs, in the sense of con-
duction, veins. The simplest terminology is mid-vein or main-
vein, branch vein, and venule. The whole system forms a net-
work or reticulum. The venation of a dicotyledon leaf is, with few
exceptions, reticulate.

Anatomy of a Dicotyledon Leaf

When a vertical section is cut transversely to the main vein, the
tissues of the leaf may be examined. In such a section the first
point of reference is the main-vein itself, for it will be cut trans-
versely ; all other veins may be cut in all sorts of aspects, from
transverse through oblique to longitudinal, depending on the
course followed by each at the plane of the section. The main-
vein consists of xylem and phloem. As the xylem in the stem
is internal to the phloem, and as the vascular bundle of the stem
seems to bend over and outwards as it runs into the leaf, the
xylem appears above the phloem in the veins. Thus it is always
possible to tell the upper from the lower surface of a leaf in
section by examining a vein. Cambium rarely occurs in the
vascular bundle of a leaf except in such kinds of plants as do not
cast their leaves every autumn—evergreen plants. Otherwise the
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COLOUR PLATE III
ANATOMY OF THE APEX OF STEM AND APEX OF ROOT

A Stem Tip
The meristematic cells are at the upper-
most point. These delicate cells are pro-
tected by overlapping leaves which arise
at lower levels. Note that the lateral

members of a stem arise from superficial
tissues

A Roor T
The meristematic cells are at the base of
the most deeply stained part in this plate.
By their activity they produce tissue
externally which forms a protective cap,
and also produce tissues internally which
form the permanent elements of the roots




COLOUR PLATE 1V
ROOT ANATOMY: ORIGIN OF A BRANCH ROOT

Above : 'T.S. of a main root at a level where a branch is just

forming ; intermediate magnification. Cells of the outer layers

of the stele (pericycle) become active at a point just opposite

a xylem group. A growing point is formed and the young
root presses out towards the exterior

Below : A main root cut transversely (the branches are cut
longitudinally)
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T.S. of a dicotyledon leaf (reticulate venation) showing veins cut in
different ways—transversely, longitudinally, and obliquely

vein of a leaf is constructed of the same elements, and in the same
way, as a vascular bundle of the stem, though it differs slightly in
being surrounded by a layer of parenchyma called the bundle-
sheath., Between the two epidermi, like the filling of a sandwich,
lie the mesophyll tissues.

The Epidermis of the Dicotyledon Leaf

The whole outer surface of the leaf, like that of the stem, is bounded
by a layer of cells one cell deep. This constitutes the upper and
lower epidermis. The epidermal cells scen in section are brick-

59



PRINCIPLES OF AGRICULTURAL BOTANY

like with only occasional intercellular spaces. When such a space
does appear it is bounded by two special cells. The general cells
of the epidermis are covered on their external walls by a hard,
transparent varnish ; this is the cuticle. In different leaves the
cuticle varies in thickness. The general cells of the epidermis
are supplied with living contents but are devoid of green colour.

The Mesophyll of the Dicotyledon Leaf

(1) The Palisade.—Immediately below the upper epidermis
lies a layer of cells, each one of which is shaped like a short column,
with the long axis of the column perpendicular to the leaf surface.
In transverse section the cells appear to be packed tightly with
no spaces between them, and so resemble a palisade. As they
have thin walls and living contents, they are parenchyma ; the
so-called palisade parenchyma. The likeness to a palisade is
misleading, for if one looks downwards through the upper epi-
dermis at this tissue it is seen that there arec many intercellular
spaces. These spaces run parallel with cells, and so do not appear
clearly in vertical sections.

(2) The Spongy Mesophyll.—Below the palisade parenchyma
lies a parenchymatous tissue with many very large intercellular
spaces ramifying in all directions. This layer somewhat resembles
a sponge ; the cells being the fabric and the intercellular spaces
the holes of the sponge. This tissue is called the spongy paren-
chyma.

The Lower Epidermis

Below the spongy parenchyma lies the lower epidermis, very
similar to the upper epidermis, but usually more richly supplied
with the peculiar intercellular spaces already alluded to. It is
to be noted that these intercellular spaces are like little tunnels
or corridors passing through the epidermis, and connecting the
outer air with the air in the intercellular spaces inside the plant.
They are the channels through which gas passes between the air
of the intercellular spaces (internal atmosphere) and the atmos-
phere surrounding the plant (external atmosphere). Thus,
because every intercellular space inside the plant connects with
at least one other, the whole of them form a continuous system.
The intercellular spaces are like a continuous network with its
ends running out through the epidermis. The cells form another
network, the two being interwoven together. The important fact
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is that any particle such as a gas molecule capable of moving in
air can pass from the outside into the plant, and so to any part
of it. So too can a similar particle pass outwards.

The Leaf as a Light Trap

The upper epidermis with its cuticle, being almost transparent,
allows light to pass through to the long columnar cells of the
palisade. Each cell of this tissue is richly provided with small
dense pieces of protoplasm something like nuclei and called
plastids. These are coloured green by the presence of the special
pigment of green plants called chlorophyll. A plastid bearing
chlorophyll is called a chloroplast. It is the chlorophyll which
absorbs light. The chloroplasts congregate on the long walls of
the palisade cells, so that the greatest number have light-rays
impinging on them. If they massed on the ends of the cylinder,
only a few could be accommodated there, and these would be
in full light and the remainder would be in their shadow.

The Leaf as a Food-making Factory

The palisade, accordingly, is the place where most of the light
energy is trapped and fixed into food ; it is the main locus of
food-making, to be discussed in Section Two. Water is drawn
into these cells from the xylem lying in the veins at their bases.
The carbon dioxide gas they use in conjunction with the water
and light for food-making, moves easily in through the inter-
cellular spaces of the lower epidermis, along the pathways of the
intercellular spaces of the spongy parenchyma, and up the spaces
between the columns of the palisade parenchyma. There the gas
dissolves in the water of the cell wall and passes through to the
chloroplasts. The chloroplasts on the long walls are therefore
ideally placed, not only for light supply, but also for gas supply.
The palisade is predominantly the region of food synthesis.
The cells of the spongy parenchyma contain a few chloroplasts,
but this tissue is designed more to facilitate gas movement and
distribution rather than the carrying out of food synthesis.

The Cells of the Leaf Epidermis : Dicotyledon Type

The epidermis of the shoot requires special study. The details

are best seen in the lower epidermis of the leaf. To see these

a portion of this skin should be stripped off and laid flat on a
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microscope slide. This is called a surface preparation. At the
same time a vertical section of the leaf should be prepared. In
the surface preparation the ordinary cells of the epidermis appear
as somewhat roundish but very irregular in outline, rather like
the slabs of a very crazy pavement. The irregularities of one
cell, however, fit very closely into the irregularities of its neigh-
bours.  There are no intercellular spaces between them. Each cell is
supplied with protoplasm and nucleus, but is completely devoid
of chloroplasts and quite colourless.

When seen in vertical section the cells of the epidermis appear
very regular in size and shape, brick-like in fact. Only the wall
to the outside is thickened by its covering of transparent cuticle.
This general surface of the epidermis, then, allows light to pass
through practically unimpeded to the palisade lying below, but
the passage of a gas or water vapour is restricted to a greater
extent by thick cuticle and to some extent by a thin one.

The Stoma : Dicotyledon Type

At intervals special cells appear amongst the ordinary elements of
the epidermis. These occur in pairs, and each pair constitutes
a unit called a stoma. Between the cells of the stoma is a small
intercellular space, channel, or pore—the stoma pore. 'This pore
connects the outer air surrounding the plant with the air lying
in the intercellular spaces of its tissues. Because the two special
cells appear to guard this entrance to, or exit from, the tissues
they are called the guard-cells.

A stoma, then, consists of an intercellular space or pore and
two guard-cells. As seen in surface preparation, each guard-cell
resembles a crescent moon with very blunt ends. The two cells
lie with their long axes in the plane of the leaf surface and the
concave sides facing each other. The two crescentic cells are
attached together at the horns. The pore is formed between the
concave aspect of the one and the concave aspect of the other as
they lie facing each other.

In the vertical section the guard-cells are seen cut across and
somewhat round or oval in outline. The pore in this section
appears as a definite channel connecting the internal atmosphere
with the external, for under it in the tissues is always a specially
large intercellular space. Both guard-cells contain chloroplasts
richly supplied with chlorophyll. Thus, the only intercellular spaces
in the whole epidermis are the stoma pores ; the only cells of the epidermis
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Fic. 24
The stoma in surface and V.S. views, seen obliquely from below

which contain chlorophyll are the guard-cells. The only path for gases
or water vapour entering or leaving the leaf is the stoma pore.

How the Guard-Cell Functions

The guard-cells function as a control valve on gas movement in
or out. Control is effected by the fact that the walls of the guard-
cells are not uniform. The wall facing into the pore is much
thickened and inelastic; the wall abutting on the ordinary
epidermal cell is thin and extensible. Whenever the guard-cells
absorb water they swell. In this swelling, the thin wall facing
towards the epidermal cell stretches considerably ; the thick
wall lining the pore does not. This makes cach cell more concave
to the pore, which is thereby made bigger and rounder. Con-
versely, if the guard-cell shrinks, the clastic wall away from the
pore contracts, while the wall towards the pore remains static.
The guard-cells then tend to straighten out and the pore becomes
much less round. When the shrinking process goes to its extreme,
the cells are nearly straight and the lips of the pore approach.
The pore in this state of affairs is closed. The mechanism causing
the guard-cells to absorb water or lose it, and so swell or shrink,
will be discussed later.

THE STEM : SECONDARY THICKENING

This completes the account of the body of the dicotyledon type

in its younger state. As the plant grows, and the canopy of leaves

increases, the stem and root have neither the conducting capacity
(486) 63
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nor the mechanical strength to meet the increasing demands.
The axis at least must add to its girth.

If the original tissues laid down by modification of cells
derived directly from the apical meristem be called the primary
tissues, primary xylem, primary phloem, and so on, then the tissues
formed later must be called secondary, and the process secondary
growth or secondary thickening.

The meristem first involved is that already seen in small
groups lying between the primary xylem and primary phloem
and called the bundle-cambium. If only these groups added
tissue, the axis would increase irregularly and get out of shape.
A complete ring of meristem is required. This circle is formed
when the parenchyma cells in a line connecting one bundle-
cambium' with another across each medullary ray recover their
embryonical or meristematic character. This inter-bundle
secondary cambium, along with the primary bundle-cambium,
now forms a complete ring when scen in transverse section. It
is a cylinder, of course, in the whole axis.

Cells of this whole cambium divide mitotically. The equatorial
plate of practically every division lics on a line tangential to the
ring. The cambium band thercfore would increase in breadth,
but the earlier formed cells of the ring promptly modify. The
cells adjacent to the primary phloem form sieve-tubes and com-
panion cells ; those abutting on the xylem form vesscls, etc.,
while those crossing the medullary ray form parenchyma. The
whole of the tissue systems increase togcther, and the stem remains
a symmetrical cylinder.

Even this increase in conducting tissue fails to meet increasing
demands for transport, and soon the products of the inter-bundle
cambium change the nature of their modification. Instead of
parenchyma they form xylem internally and phloem externally.
Secondary bundles are thus formed. The proportion of medullary
ray tissue in the axis progressively falls.

The further addition to the proportion of conducting tissue
in the stems and roots so obtained may not yet be enough, especially
in long-lived plants such as trees and shrubs. In these cases,
almost the whole of the product of the inner face of the ring pro-
duces xylem or wood, while the outer face produces phloem. The
medullary rays are now very narrow, the ratio of conducting tissue
to parenchyma becomes very high, and secondary medullary rays
may be formed when required. The stele thus increases in girth.
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COLOUR PLATE V
ANATOMY OF A DICOTYLEDON: SECONDARY THICKENING
AND CORK FORMATION

Transverse section of a stem under intermediate
magnification
The external band of close-packed, square-shaped cells
stained red is a layer of cork. These cells have been
formed by the outermost layer of the densely stained
(blue) cells immediately below. This layer is the cork
cambium. Internal to the cork cambium is the product
of its activity on the inner face, namely, secondary cortex.
Below the secondary cortex is the original (primary) cortex.
The xylem at this stage is almost a continuous ring, the
medullary rays are very narrow. The original xylem
groups are seen as out-thrusts into the pith. In the
cork a breathing pore or lenticel is seen
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COLOUR PLATE VI

ANATOMY OF A MONOCOTYLEDON: THE STEM
IN TRANSVERSE SECTION

Upper : The whole section under intermediate
magnification : lignified tissue stained red
Here there is no defined cortex or pith and the bundles
are distributed irregularly all over the section. They
run vertically through a general parenchymatous ground
tissuc. Each collateral bundle is surrounded by a ring
of sclerenchyma

Lower : One bundle under higher magnification

In the xylem of ecach bundle three large vessels are seen.
On the innermost aspect of the inner vessel (nearest to
the foot of the plate) a characteristic tear or lysigenous
cavity occurs. There is no cambium in the bundle.
This is a closed bundle characteristic of monocotyledons.
In the phloem (staincd blue) one well-marked sieve plate
is seen along with a number of sicve tubes and their
) companion cells
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In transverse section the amount of phloem seen is much less
than the amount of xylem. This is usually due to the older non-
functional phloem being crushed.

Annual Rings

The different tissues so produced are not uniform in character.
The xylem vessels produced in late winter and spring are of large
bore and packed around with a certain amount of parenchyma.
In summer and early autumn the vesscls are of fine bore and instead
of paranchyma, more sclerenchyma is introduced. The product
of activity in spring looks open ; the product of summer is dense.
Thus every year in a perennial plant a complete ring of open
tissue merging into a ring of dense tissue is produced. This is
called an annual ring. When the stem of a perennial dicotyledon
is cut across, the annual rings can be counted and hence the age
of the plant decided.

Cork and Lenticel Formation

The increase of girth of the tissues of the stele may be very great,
and as a result all the tissues external to it, cortex and epidermis
would burst. They too must be either extended as well or have
provision made for repair and replacement. This is done when
a ring of cells, most oftcn located in the cortex, resume the
meristematic character to form a secondary cambium. This
ring cuts off cells by tangential walls. The product of its inner
face modifies to parenchyma and forms secondary cortex. The
product to the outside forms a new kind of tissue. The cells over
the greater part of the ring remain as formed, brick-shaped and
with no intercellular spaces. The walls are changed by the
dcposition on them of a fatty product called suberin. The result
is a very compact layer of tissue with suberized cell walls which
is called cork. At points in the ring, or rather cylinder of this
secondary cambium, the product consists not of brick-shaped
cells but of spherical cells with the intercellular spaces carried to
such a degree of development that the cells are really separate.
Thus little channels are formed passing through the cork layers,
each filled with dust-like loose cells. They provide little tunnels
through which oxygen and other gases can pass to and from the
outer air and the living cells of the tissues deep in the axis. A
channel of this type is known as a lenticel. It provides a path
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PLATE 13 STEM ANATOMY

Secondary thickening in T.S. twig 3} years old. Three complete annual
rings, fourth forming

Lcaf abscission : L.S. stem Wound healing : T.S. tree trunk, three branches
cut in early autumn. lopped. The wound on right in process of
Absciss ]aycrafat base of healing

le



PLATE 14 THE LEAF EPIDERMIS
(Monocotyledon type)

epidermal cells, each with large nucleus and no chloroplasts. The
guard cells have each a nucleus and many chloroplasts
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for gas movement, and in this it resembles a stoma pore. A
lenticel differs from a stoma in structure, and also in the fact that
it is rigid and cannot open or close.

Of the two secondary cambiums, the one having cork as its
main product is called the cork-cambium ; the other producing
largely wood is the wood-cambium. Commercial cork used for
stoppers, etc., is got from a kind of oak which develops a very
active cork-cambium. Sometimes the product of the cork-
cambium is called bark, but this hardly fits the facts. When bark
is stripped off a plant, all tissues external to the wood-cambium
come away, and therefore the term bark should be used to include
all tissues external to the wood-cambium, e.g. secondary phloem,
primary phloem, pericycle, primary cortex, secondary cortex,
cork-cambium, cork, and the remains, if any, of the epidermis.
The first cork-cambium is often replaced by a new one arising
deeper within the stem.

Abscission and Wound Hsaling

The function of a cork-cambium is to provide a protective layer
on the outer surface of the functioning tissues whenever they
may become exposed either by accident or by natural rupture.
The necessity for such protection is often anticipated, and provides
another example of the beauty of the organization shown by
living things. For example, when an obsolete organ is to be
discarded, like a leaf destined to fall in autumn, a protective layer
must be provided to cover the wound. Some time prior to the
actual fall of the leaf, the event is anticipated and a peculiar layer
forms at its base. A layer or plate of cells across the lowest level
of the leaf base begins to break down and die. Just behind this
layer, nearer to the stem, a plate-like layer of cork forms. This
dual layer, or absciss layer, is completed by autumn and then the
dying leaf is attached to the stem only by the epidermis and the
still unbroken vascular strands. Soon these snap, and the leaf
falls, leaving a scar shaped in outline like the transverse section
of the base. The ends of the bundles which supplied the leaf
appear as little dots on the surface of the scar. This can be seen
very clearly in the horse-shoe-shaped leaf scars on a twig of horse-
chestnut in winter condition. The “ nails ” of the shoe are the
snapped ends of the vascular bundles.

In a dicotyledon, if a branch or twig is cut off as in pruning,
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the cells of the wood-cambium are exposed in a ring. Each cell
is stimulated into activity and divides. This forms a ring of un-
differentiated tissue raised up on the surface of the wound. The
cells of the ring then divide most actively on the inner aspect,
that is, towards the centre. The wound surface bounded by the
ring gets smaller and smaller in diameter as the ring itself becomes
broader. Atfter some time, the ring closes in at the centre and the
wound is covered over by a layer of undifferentiated tissue. Such
a layer is called a callus, and the wound is said to callus over.
The outermost layer of a callus becomes suberized as it is produced,
so protection is complete.

When a wound is inflicted on an organ such as a potato tuber,
the tissues of which are mainly undifferentiated parenchyma, it
is not a cambium which becomes active but the whole outermost
layer of undamaged cells. These become again capable of division
and quickly form a callus layer over the whole surface.

As a form of recapitulation, the differences between roots and
shoots of dicotyledon type may be listed.

ROOT SHOOT

MoRrpPHOLOGY

External Surface

Bears lateral members like itself, Bears leaves in addition to branches.
branches, only. Whole surface may be hairy or not.
A limited zone of the surface bears The hairs usually of more than one
special epidermal hairs character- cell.  One-celled hairs which do
ized by having soft mucilaginous occur do not have nucleus in the
walls and the nucleus in the fila- filament.

ment.

Apex
Primary meristem protected by a Primary meristem protected by
special tissue of mucilaginous cells leaves arising at lower levels which
forming a root-cap. turn up to overlap it and form a bud.
ANATOMY
Narrow pith and wide cortex. Wide pith and narrow cortex.
Xylem and phloem on alternate Xylem and phloem on same radii
radii to give radial bundles. to give collateral bundles. All
Branches produced endogenously. sidei members produced exogen-
ously.

Mamn Funcrion

Absorption of water and dissolved ‘ Mainly food synthesis carried on
substances carried on in younger in all green parts exposed to light.
regions only.
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THE MONOCOTYLEDON

The description of the monocotyledon type can most easily be
accomplished by comparing the differences which exist between
it and the dicotyledon. In the first place there is, as has been
said, only one leaf in the embryo as compared with two in the
dicotyledon.

The Root

In the monocotyledon the main root which develops from the
embryonical root of the seed soon dies. The whole of the root
system of an adult monocotyledon arises adventitiously from the
base of the stem. There is thus little difference between the root
system of a normal adult monocotyledon and that of a dicotyledon
produced adventitiously under artificial circumstances from a
cutting or naturally by some organ used in propagation. The
root system of a monocotyledon then has no tap-root, but is
described as tufted because it consists of a number of members
all of the same size and thickness which originate close together.

The Shoot

In the shoot, except in the leaves, little difference is seen externally
between the two types. With very few exceptions the venation
of the leaves of a monocotyledon does not form a network. There
are a number of main veins all equal in thickness. These follow
parallel courses from the base to the apex of the lamina. There
are no branches turning and twisting after leaving the parent,
though there may be connecting veins which follow a course at
right angles to the main veins and so join them together. This
provides a method of discrimination between members of the two
classes when the leaf is seen in transverse section. The veins of
the dicotyledon may be cut transversely, obliquely or longi-
tudinally, depending on how they run in the plane of the cut.
In a true transverse section of a monocotyledon all main bundles
will be cut transversely and appear practically equidistant onc
from the other.

The Anatomy of the Monocotyledon Type

A number of differences exist in the anatomy of the two types,

though the same elements are used in forming the tissues and

tissue systems. For example, there are a greater number of
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Fic. 25

T.S. Monocotyledon Root~to show stile and endodermis. The bundles are radial
as in the dicotyledon root, but here there is a larger number. Note the well-
developed endodermis

bundles in the axis. A monocotyledon root will show about
ten bundles as compared with the four or five primary units
of the dicotyledon.

In the root the bundles are arranged in a ring just as in a
dicotyledon. In the stem, however, they appear scattered all
over the transverse section. In the monocotyledon stem there is
no pith, pericycle, or cortex as seen so definitely in the dicotyledon.
The bundles are said to be embedded in a general ground tissue.
The ground tissue is parenchyma. Usually the bundles nearest
to the exterior of the stem are the largest, and are often well
supplied with sclerenchyma. There is often a band of scleren-
chyma in the ground tissue just below the epidermis. This
modification assists in taking the strains caused by the shoot
system swaying in the wind.

Apart from a few tree-like members of the lily family, there is
no cambial ring in the axis of a monocotyledon. The bundles
are not open for further development ; they are closed bundles,
and secondary thickening is not possible. The primary meristem
of the apex has to provide for the full thickness the stems and
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roots ever attain. Monocotyledon stems, therefore, are usually of
small girth compared with their length, and of uniform diameter
all the way up, e.g. wheat straw.

A form of cambium does appear in the nodcs of some aerial
stems of monocotyledons. The grasses, for example, possess such
an intercalary meristem. It remains quiescent until the upright
stem is forced into the horizontal position. When this happens,
as when corn crops lodge, the cambium in the node adds to the
length of the tissues on the lower side. This causes the stem to
form an angle or knee at the node, and so turn upwards. Apart
from these differences the anatomy of the axes is similar.

THE MONOCOTYLEDON LEAF

In the leaf the venation differs from that seen in the dicotyledon,
and as many monocotyledonous lcaves are bifacial they have
palisade under both the surfaces, though in these cases the
columnar shape of the cells is not well marked.

The epidermal tissues of the two types difter to some degree.
In surface preparation the ordinary epidermal cells of a mono-
cotyledon usually do not appcar round with sinuous outline, but
are always much longer than broad. The long axis of cach cell
is parallel with the long axis of the leaf and with the course of its
main veins. The outline may be sinuous, but the pattern always
suggests brick or cobble rather than crazy-paving. Therc are
no intercellular spaces amongst these cells, and none contains
chlorophyll. As in the dicotyledon, apart from the stomata, the
epidermis presents a continuous colourless layer one cell deep.
The stomata in dicotyledons and in monocotyledons (apart from
the grasses and sedges) are identical in appearance and mode of
action.

The Stomata of Grasses and Sedges

In the grasses and sedges, all of which are monocotyledons,
the stomatal mechanism presents one distinctive feature. In
surface preparation the guard-cells are not crescentic in shape,
but each resembles more a dumb-bell. The two which form the
stoma are fastened together at the dilated ends. Associated with
the guard-cells are two subsidiary cells which fill in the space
lying between the guard-cell and the next adjacent epidermal
cells. The pore is formed in the space left by the waists of the

dumb-bells, and when open is shaped like a hexagonal slit. The
71



PRINCIPLES OF AGRICULTURAL BOTANY

long axis of the stoma is in line parallel with the morphological
axis of the leaf, and the course followed by the veins. In these
(grass and sedge) stomata the mechanism of opening and closing
does not depend on alterations in the curvature of the guard-
cells, but in alteration of the volume of the dilated ends. With
increased water intake the heads only of each cell swell ; the
waists because of their thicks walls remain at the same diameter.
The swelling of the ends carries the waists farther apart and the
slit widens. Conversely, shrinkage of the ends brings the waists
together and the slit tends to close. Seen in a vertical section
transverse to the long axis of the stoma, the appearance of the
individual cell varies with the point at which the cut passed
through. If the heads have been cut the guard-cells are seen
as quite large, round in outline, and with very thin walls. If the
waists have been cut the cells appear comparatively small and
round, but with very thick walls. The difference in wall thickness
in the two parts conditions the difference in ability to expand.

DIFFERENCES IN THE VEGETATIVE STRUCTURE BETWEEN
THE MONOCOTYLEDON AND THE DICOTYLEDON

MONOCOTYLEDON t DicoTYLEDON

Root Morphology
Adult system adventitious in origin |  Adult system a main branched tap-
and tufted in habit. ‘ root developed from the sced.

Shoot Morphology
Stems tend to be the same diameter | Stems tend to be thicker at lower
from ground level to near apex. | levels and thinner at higher levels.

Root Anatomy

About ten bundles present. I Four or five primary bundles pre-
Bundles closed. sent. Bundles open.

Stem Anatomy

Bundles many and immersed in ( Primary bundles arranged in a ring
ground tissue. Bundles closed. [ round a definite medulla. Bundles
! open.
Leaf Anatomy
Parallel venation. Reticulate venation.
Leaves often bifacial with palisade Leaves rarely bifacial, and showing
on both upper and lower aspects. differences between tissues of upper
and lower aspects.
Epidermal cells longer than broad. Epidermal cells isodiametric
Sometimes sinuous 1n outline. (rounded). Sinuous outline.
Stoma (in grasses and sedges) with Stoma of two crescent-shaped
dumb-bell-shaped guard-cells and guard-cells and pore an ellipse.

hexagonal slit-like pore.

72



BOOKS FOR FURTHER READING
Eames, A. J. and MacDanieLs, L. H.  Introduction to Plant Anatomy (M‘Graw-
Hill Book Co., Inc., New York, 1925)

HaBerrLaNDT, G. (trans. by M. Drummond). Physiological Plant Anatomy
(MacMillan, 1914)

DarrinGgTON, C. D. and LA Cour, L. F.  The Handling of Chromosomes (Allen &
Unwin, 1942)

DarunNGTON, C. D. and AMMAL JaNakr, E. K. Chromosome Atlas of Cultivated
Plants (Allen & Unwin, 1945)

SCHRADER, F.  Mitosis (Columbia University Press, 1944)

FyrE, J. L. The Action and Use of Colchicine in the Production of Polyplaid Plants
(Technical Communication, lmperial Bureau of Tlant Breeding and
Genetics, Cambridge, 1939)

73



CuAPTER IV
MODIFICATIONS OF THE STANDARD TYPES

MopbiricaTIONs of outward form are the result of plants having
varied in structure from time to time during the long period of
their evolution. The modifications which confer some benefit on
the plant in its competition with contemporaries tend to persist.
The variation, in some cases, has rendered the plant possessing
it more valuable to man. Plants of this type are valued as crop
plants or cultigens. In other cases the plants are not of use to
man, and because of their superior ability to compete and survive
may oust or weaken the desired crop plant. These are regarded
as bad weeds.

CrLiMBING PLANTS

Looking first, then, at the shoct system of the plant, perhaps the
simplest set of modifications which have evolved are those designed
to help the plant to climb. Light is an essential to all green plants,
and those which are left behind in the race upward toward the
light may perish or are certainly prejudiced in the struggle for
survival. A plant which is slow-growing in its youth or of dwarf
habit as an adult, unless it lives in a reasonably open situation
not associated with tall competitors, may be smothered.

A fast-growing plant, however, rarely has the necessary reserve
of food to form substantial tissues, and its body tends to become
weak and straggle.

Tendrils

The field and garden pea provide a good example of this straggly
growth and also of the tendril, a well-known example of an aid
to climbing. In the pea the tendril is a modified leaflet, the
terminal one of the compound leaf. A tendril may be a modified
branch stem, as in the passion-flower, or a modified main axis,
as in the vine.

No matter what the origin the mechanism is always the same.
The tendril is thin and whiplike, usually somewhat curved. The
concave aspect is sensitive to touch, and reacts when stimulated
by contact with a rough twig or similar object. The stimulation
must be definite ; splashing with water or contact with very
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PLATE 15 GRASS LEAF ANATOMY

Surface preparation. Note the shapes of cells and compare with Plates 12 and 14



PLATE 16

A Potato Seedling
The germination is epi-
geal. The buds in the
axil of the cotyledons
form branches which grow
downwards and enter the
soil. There they form the
first small tubers

(See page 86)
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Fic. 26

Tendrils : These may be modifications of (a) leaf tip, (b) leaflets, (¢) branch shoots,
(d) main leader. In (d) the branch in the axil of the leaf takes over the
‘“ leadership

smooth surface has no effect. Given, however, that the stimulus
is appropriate, the tendril rapidly responds by twining round the
object and so gripping it tightly. The portion of tendril between
its grip and the base often curls into a helix, and so pulls the plant
in towards the support. Any plant supplied with tendrils can
straggle up amongst the general growth, and, by their prehensile
action, hold on and maintain its position. One position attained,
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A\
a b
Fie. 27
The recurved prickles of rose (a¢) and bramble (4) act as ‘‘ acrial ”
anchors

the shoot proceeding upwards produces more tendrils, and so the
‘“ hand-over-hand > process is continued.

Another form of straggling climber is seen in such a plant as
the bramble or wild rose. The somewhat woody main axis
straggles up through its competitors. The downwardly curved
grapple-like hooks or prickles produced on the epidermis prevent
the long whippy stem from slipping back.

Twiners

A climber of entirely different type possesses a stem axis which
though weak remains erect for a while and swings so that the
growing tip sways in a series of irregular circles. Should the
swinging stem collide with a twig or upright support it continucs
the motion as it grows, and so twines round and round the support.
Such plants are often bad weeds. When they grow in corn
they first shade the crop plant, and then by their weight tend
to bear it down and cause lodging. Should the corn plant
succeed in supporting its own weight plus the weight of the weed,
a further disability ensues, for the extra green leaves in the
sheaves at harvest add to the difficulties of getting the crop dry
enough for the stack. Field convolvulus or black bindweed is
an example of this type.
The Twiner Parasite

It will be seen that such a * twiner,” pulling itself tightly round
a soft stem, might easily sink into the underlying tissue. An

extremely close and intimate contact is then established between
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COLOUR PLATE VII ANATOMY OF ROOT CROPS

Longitudinal section of a potato tuber (lignified tissue
stained red)
The point of attachment (by way of the rhizome) to the
parent plant is seen at the base of each section. The
terminal bud (eye) is seen at the top. The bud in the
left-hand section is in the dormant winter condition while
that of the right-hand specimen has already sprouted.
The vascular bundle is seen running from the base to the
apex and going out to supply lateral buds on the way.
The main bulk of the potato tuber is pith or medulla



COLOUR PLATE VIII ANATOMY OF ROOT CROPS

T.S. of “ bulb ” of kohl rabi (lignified tissue stained red)

The cambium lies between the green zone and the ring of

vascular bundles. The main body of this stem is pith.

The pith is traversed by small *“ wandering  vessels, a
condition not uncommon in this and related plants

T.S. of turnip or swede (lignified tissue stained red)

The main bulk of this structure is weakly lignified xylem
produced by the cambium
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the two plants. Over evolutionary time some twiners have
taken advantage of this. They now produce on the twining stem
structures analagous to, and possibly homologous with, adventi
tious roots. These strike down into the tissues of the bearer plant
and suck out food. A number of the robber, or parasite plants,
which steal from their “ hosts > have no doubt developed in this
way. We see such a case in dodder (Cuscuta). In this closc
relative of the ordinary convolvulus, the sucker-organ or haus-
torium is very highly specialized. It first consists of an adhesive
disc which fixes the parasitc on to the surface of the host. Later,
a tuft of elongated hair-like cells fans out into the tissues below.
These cells may acquire all the characteristics of a conducting
tract and make close contact with the clements of the conducting
system of the host, drawing water {from the vessels and true food
from the sieve-tubes. Doddcr has gone so far in the dircction
of parasitism that it now no longer produces any true roots or
leaves of its own, and there is no green colour. The adult plant
of dodder consists only of its living stem with haustoria and very
many flowers.

Climbing Habit—-Summary

Summing up, it may be said that support can be got in a number of
ways. Whenever these supports occur, they are associated with
weak stem and straggling habit. No plant is rendered a good
crop plant by reason of its climbing capabilities alone. Thosc
that are valuable for other reasons do quite well without support
when grown alone in pure sand and so away from competition.
Many climbers are bad weeds by reason of their ability to weigh
down or otherwise incommode crop plants.

ANNUALS, BIENNIALS, AND PERENNIALS

Another class of modification results from the fact that the length
of the season during which a plant may grow successfully is often
strictly limited. The cold of winter in higher latitudes means
for the plant slowing down or cessation of growth, or even death.
In dry climates, the onset of summer drought may put a period
to plant activity.

Many plants develop from seed so quickly as to flower and
seed during such a short growing season. These plants which
complete the whole life cycle in one growing season are known
as annuals.
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It is advantageous to a plant when one growing season can
be utilized for the production of food which is stored while the
plant hibernates over the * dead ” period. The store accumulated
in one year is used in the following favourable season for the
copious production of flowers and seeds. Such a plant taking
two years to complete its life cycle is a biennial. The biennial
habit imposes the necessity for the modification of the plant body
or part of it to provide a storage organ to hold the food accumulated
in the first year.

Finally, plants capable of storing food ycar after year and
consuming the stores as required gain a perennial life for the
plant body and so attain the perennial habit.

Food Storage and Propagation

Often along with the development of storage organs have ccme
developments for the production of some organ which when
broken off from the ““ parent ”’ is capable of forming a whole plant.
Such breaking up of the plant to produce new units is known
as vegetative propagation or simply propagation. The process is
distinct from reproduction in that no sex-mechanism is involved.
It is the vegetative phase only of the plant that takes part. The
point of interest at the moment is that where a mechanism for
conferring bienniality or perenniality has developed, it is often
accompanied by a mechanism for vegetative propagation.

Stool Formation

A simple case is seen in many perennial herbs ; that is, plants
which live for an indefinite number of years but which lose their
above-ground stems at the end of each growing period. In
these, the new growth comes cach year from lateral buds at or
below soil level and borne on the persistent bases of the old stems.
As the years follow one another, there is built up a larger and
larger cushion-like mass or stoo/ made up of old stem bases bearing
buds on their outward aspect towards the periphery of the clump.
A certain amount of reserve accumulates in the tissues of the stool
and masses of adventitious roots are present. A number of
crop plants, e.g. lucerne and hops, have this type of perenniality-
conferring mechanism. In nature this is not very effective as a
method of spread or of propagation. After a period of years as
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PLATE 17 BUDS MODIFIED FOR STORAGE

The Cabbage is a terminal bud
(Photo : Sutton and Sons Ltd.)

Brussels Sprouts are lateral buds
(Photo : Sutton and Sons Ltd.)



PLATE 18 STEMS MODIFIED  FOR STORAGE

MARROW-STEM KALE
(Photo : Sutton and Sons Ltd.)

KoHL Rasi

Here the swelling of the stem scen in Marrow-stem Kale is carried to an
extreme. These two plants are closely related

(Photo : Sutton and Sons Ltd.)
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an old undisturbed stool all the young active growth is at the
periphery, and forms a ring inside of which the old structures
weaken or die. In this sense the plant may be said to spread,
but if the stools are broken up and carried to a new situation,
either accidentally or deliberately, the mechanism serves excel-
lently.

In other plants where the lateral buds which provide each
year’s active growth diverge horizontally and outwards instead
of straightway rising erect, the ratc and amount of spread are
increased.

CREEPING PLANTS

In the process of evolution, by cxtending the growth of the
lateral bud farther and farther before it turns up to the ercct
posture, the mechanism has been considerabiy improved. The
final form of this development 1s the branch produced at or near
ground level which takes a definite horizontal course, with the
up-turning dclayed indefinitely or until an appreciable distance
from the “ parent ” plant has been covered. In the extreme case
the central stool may no longer be formed and the plant is recog-
nized as a true creeper.

Rhizomes, Stolons, and Runners

Sometimes the creeping shoots are below ground and simulate
roots. These are sometimes called root-stocks, but stems which
creep below ground are best known as rhizomes. In other cases,
the creeping branch proceeds at or above the soil surface, and
is then known either as a stolon or as a runner, depending on its
bchaviour. Runners, stolons, and rhizomes all produce sub-
sidiary plants at a distance from the * parent,” and in this may
be said to be alike in practice. As the three mechanisms in com-
petition with other plants are not all equally effective, their mode
of action must be understood.

The Runner

A runner is formed when a lateral bud of the original axis
developed from seed forms a branch which elongates rapidly above
ground. After some time the tip touches the ground and adven-
titious roots develop from it. A short, stumpy vertical axis is
then organized, and so the tip of the branch forms a * daughter ”
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Fic. 28

The Runner

A lateral bud produces each ‘“step” and the terminal of the branch turns down
to form the daughter plant. There are few or no nodes between the “ parent ” and
‘“ daughter >’ plant

plant or offset.  After some time a lateral bud of this offset repeats
the process. Thus a series of over-ground stems connecting
“ parent ” and offsets is made. The stem connection between
subsidiary plants dies or is broken, and so a number of free
individuals are rapidly produced from one. The storage aspect
in this case is not usually important, though the vertical axes
may be thickened and used as a storehouse. Offsets from runners
are used for production of a crop in the strawberry. Many bad
weeds such as buttercup, bramble, etc., are bad because they
possess the habit of forming active runners.
8o
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Stolons and Rhizomes

Stolons and rhizomes are, as has been said, horizontal stem
structures. The point of distinction between them is that the
stolon creeps forward above the surface of the ground, while the
rhizome lies below soil level.

The rhizome being below ground is shiclded from all light.
In the dark, leaves do not expand, and green colour does not
develop, hence, in the below-ground stems the lcaves are reduced
in size to mere scales and are colourless. The stolon, getting
more light, usually produces leaves which are more nearly normal.

Monopodia and Sympodia

So long as these differences are remembered, the methods of
growth and development of rhizomes and stclons may be
described togcther. Therc are two types of each. Let each
description commence with a seedling plant, though most
often in plants of this nature increase is by propagants rather
than seedlings.

A lateral bud at the base of the main axis develops into a
branch just as in a stool-forming or runner-producing plant.
When capable of forming a typical creeping stem, the terminal
bud of this branch proceeds for some way producing short inter-
nodes and thercfore many nodes. In the first of the two possible
types, this activity of the terminal in a horizontal direction goes
on indefinitely, carrying the stem farther and farther away from
the point of origin. Such is indefinite growth, sometimes called
monopodial growth and the product a monopodium.

In the second of the two types, the leading bud cventually
ceases to ‘“ lead forward > the creeping branch, and it bends up
from the hcrizontal position to the vertical. In this direction
it reaches the upper air and light. Leaves expand and a sub-
sidiary plant develops. The progress of the creeping shoot as a
whole is not stopped in its course by this behaviour, for a lateral
bud immediately behind the bend and on the lower aspect of
the stem commences to elongate and proceed in a horizontal
plane. In time this new terminal does as its predecessor did and
bends up, and again a lateral takes up the lead. The length to
which each successive “leader” carries the stem is in a sense
limited, hence this is called limited, or definite, or sympodial
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The monopodium

A lateral bud produces the member, the terminal bud of which continues outwards.
Lateral buds produce daughter plants

growth and the product a sympodium. The sympodium is really a

small advance on the simple stool-formingtype. The branch grows

farther before turning up. It differs also in that the sympodium

branches and rebranches from laterals many times in each growing

season, while the stool-former branches but once or only a few
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PLATE 20 PROPAGATION BY LAYERING

The material pegged down
(Photos : East Malling Research Station)
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Fic. 30
The sympodium

”

A lateral bud produces each * step,” and the terminal of the * branch ” turns up ;
the root forming nodes at its base common between parent and daughter

times each year from each original stem. The distance travelled
by the creeping stem is greater in the sympodium.

These two types of growth, monopodial arnd sympodial, also
occur in the normal stems of the plant (page 24). In these,
monopodia are most common, but a sympodium is always formed
where the terminal bud (leader) of a shoot changes from its proper
job of extension to some other activity. For example, in the vine
they form tendrils, and in the lime tree the leading buds die.
The stem axes in these two cases are sympodia.
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Fic. 31 .
The rhizome and its nodes
The bud at cach node can form a new plant

THE SioNIFICANCE OF THE CREEPING HaBIT IN
Cropr Prants AND WEEDs

The chief agricultural interest in creeping stems turns on whether
the plants involved are useful or not. If useful, the creepers may
be exploited to best advantage, while if the plants are not
useful they are aggressive weeds. In the crop plants, it is often
advantageous to plant portions of the rhizome or stolen rather
than sow seed. Indeed, many plants with a very active propagant
mechanism are shy seeders. When the creeper is a weed, control
is difficult, for if the stolon or rhizome is broken off from the plant
by cultivation, etc., it immediately throws up a new aerial shoot
from a bud. No matter how small the portion of stem may be,
given that it includes a bud, regeneration is quick and aggressive.
Most rhizomatous plants tend to be weeds, while a rather
greater proportion of the stolon-bearers are useful. Rhizomes
store food below the surface of the ground, where they are not
easily harvested nor easily accessible to grazing animals. The
aerial shoots are not rich in nutriment, for as soon as formed it
is translocated down to the store. Rhizomes are not easily removed
from the soil when the land is required for other purposes. Many
stoloniferous plants are useful in pasture formation, especially
those which produce true leaves in quantity at the many nodes.

STEM TUBERS

A special development of the rhizome is seen in plants forming
stem tubers. A good example is provided by the potato. Here
a lateral bud of the stem axis situated below ground develops as
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in an ordinary rhizome and proceeds out into the neighbouring
soil. After growing some way elongation stops and the distal
portion of the rhizome commences to swell. This is due to a
considerable increase in the medulla, and deposition of large
quantities of starch therein. Perhaps 10 to 20 internodes may
be involved in this swollen structure. The stem tuber, then, is
the apical region of an underground stem swollen with food
for propagation and perennation. Propagation in this case
follows activity of the buds in the axil of the small scale
leaves. Both buds and scales are extremely difficult to see, as
in the dormant condition all are very much reduced in size.
The buds are situated in shallow depressions on the surface
of the tuber. The edge of the depression is occupied by a
leaf-scale. The depression with buds and a scale leaf sub-
tending them is called the “ eye.”

The Buds of the Potato Tuber

It will be noticed that buds (not bud) are referred to at each
node. This is because there are usually threc, but there may be
five. This may be interpreted as
an axillary bud and two or four
accessories. The true interpreta-
tion, however, is probably that
the axillary bud before going
dormant forms a tiny shoot with
two or four true laterals on it.
The “bud” of the potato eye
then is to be regarded as a very
short dormant branch. In the
undamaged condition only the ter-
minal develops, but on its removal
the laterals become active.

The ““ Rose” end and the * Heel” end

The tuber then shows nodes and
internodes. Towards one end the
internodes are shorter, and hence Fic. 32
the nodes more abundant. This
is the end bearing the terminal [ . = . @ o from an
bud. This region with most buds axillary bud
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is termed the ‘“rose end,” and is the true morphological
apex. At the other end (the heel) evidence will be found
of the rhizome which originally connected the tuber to the
parent plant.

Proof of the Stem Nature of the Potato Tuber

Confirmation that the tubers are stem in nature is got from their
anatomy and the following facts. If the green, leafy aerial shoot
be cut off the plant before the rhizomes have formed tubers,
the ends of the underground stems will curve upwards and rise
above the soil to form a leafy shoot. Again, if the aerial stems
after a period of normal growth are considerably shaded, the buds
in the axils of the expanded leaves will devclop into tubers. In
many of these aerial tubers the lcaves will be partially developed.
Finally, the complete proof comes when a potato is grown from
a true seed. Germination is epigeal and no part of the stem is
below soil level, so no rhizomes develop. Tuberization in a seedling
occurs when a branch arises in the axil of each cotyledon and
grows downward. The tips of these aerial shoots enter the soil
there and form the first tubers.

Other Stem Tubers

The tuber of the artichoke shows its stem nature rather more
clearly, for thc leaves are more fully developed. In the arti-
choke only the terminal bud develops on ‘ germination,” while
on the potato many buds, lateral as well as terminal, develop
and produce shoots with equal importance.

Tue CorM

All the modifications so far discussed have presented features of
branch stems. Other variations leading to storage, propagation,
and /or perennation affect more particularly the main axis of the
shoot. For example, there is the corm as seen in the garden
crocus, which is merely a main stem considerably swollen with
food. Itis usually situated below soil level. It reaches this position
owing to the action of thick roots, which contract strongly, pulling
the short stem downwards.
86
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The stages in the development of a potato from the true seed to formation of first
tubers. The cotyledons are carried above ground as seedling leaves
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Crocus corm (a and b) is of one internode invested with scale leaves. Note the new
corm is borne at the apex of the old. Meadow saffron corm (c) is similar to crocus,
but the new corm is borne laterally

The Development of a Corm-forming Plant

When a plant capable of forming a corm develops from a seed
it does not flower in its first year, but the aerial leaves produce
food which is deposited in the cortex of the short axis. The first
corm is thus formed. This little round body is protected externally
by leaves modified to brown scales, and bears at its base a tuft
of adventitious roots. In the following spring the axillary buds
at the apex of the corm grow up and produce flowers. This
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TG, 35

Montbretia corm is one unit composed of a number of internodes ; buds are produced
laterally

drains the food away from the corm, which shrinks completely
away. In the summer, after flowering has been completed, the
still active leaves continue to form food,
which is deposited in the lower internodes of
that year’s axis, and hence at lcast one new
corm is formed. The new corm is pulled
into the soil and there over-winters. In
the following spring adventitious roots are
produced and the story is repeated.

The corm typeof structure is carried even
further in * bulbous ” tall oat-grass. Here
each internode of the base of the aerial stem
becomes filled with food. Each internode
is protected by the leaf (with bud in axil),
which grows from the node immediately
below. The chain of swollen internodes often
breaks up into units, each consisting of one
swollen internode and one node. Propaga-
tion by this means is aggressive and efficient.

In meadow saffron, a poisonous weed of Fic. 36 )
pastures, the bud which forms the aerial Zfaligrar;f’f:cfﬁr::;;:ﬁ
shoot in spring is lateral and located near o one internode. If this
the base of a corm which has over-wintered. *string” of corms is broken
The corms for next year therefore arise  UP each bud grows
laterally, and there arc usually a number present.
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Corm structures are cxtremecly effective for perennation ; and
are highly effective for propagation. These facts are well known
to anyone who has farmed where tall oatgrass (onion couch) has
gained a foothold.

THE BuLs

Another case where a vertical stem axis is located below ground
is seen in the bulb. The bulb resembles the corm in outward
appearance, having a bud at its apex, adventitious roots at its
base, and an outer covering of scale leaves. The two bodies differ
very considerably in fundamental structure. The corm consists
predominately of stem, grossly swollen with food, and in winter
condition has all the leaves reduced to thin protective scales.
The bulb, on the other hand, consists of a very small stem
bearing modified leaves or leaf bases cach inordinately swollen
with foodstuffs and wrapped rourd the axis and its growing
point.

The bulb is therefore not so much a stem as a highly modified
bud. The cultivated onion and its weed relations provide perfect
examples of this kind of mechanism.

The Development of a Bulbous Plant

In a bulbous plant during the first year from seed the aerial leaves
send down food which is stored in their bases. In the autumn the
aerial parts of the leaves die down, while the bases of the lower
outer ones die and shrivel to form a scaly, dry outer protection.
A bulb accordingly in winter consists of a very short vertical
axis enveloped in fleshy leaves, and all protected externally by
scales. In the next spring the terminal bud of the axis becomes
active and flowering takes place ; the bulb shrinks. If the drain
on the bulb by flower or seed production is extreme the whole
plant dies. Here the bulb confers biennial character ; if, however,
the drain is not excessive or is arrested by cutting off the flowers,
it will recharge with food during the summer and behave as a
perennial. If the terminal bud be damaged after the first
spring, lateral buds, one of which is in the axil of every leaf,
will become active. These when filled up with food are useful
progagants.

n the commercial production of bulbs of] say, hyacinth for the
horticultural trade, the terminal bud is damaged by cutting a
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PLATE 21 PROPAGATION BY LAYERING

The layered material
in ““stool beds” for
production of stocks

in quantity

(Phots :

The layer after
development

East Malling Research Station)



PLATE 22 MARCOTTAGE

Legt  The plant prepared. (Note the notch on stem just below the leaves)
Right A halved pot assembled round the stem and filled with soil
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a ; %
(a) and (b) Tunicated bulb with layers of overlying leaf structure filled with food ;
(c) Scaly bulb with many small leaf structures swollen with food

Ine. 37

cone of tissue out from the base of the bulb. A bulb thus mutilated
when planted produces ten or twenty small bulbs clustered round
the main bulb. These are quite small, and must be grown
for a year or two before they are full size.

Such bulbs as that of the onion, where the leaf or its bases
extend from base to apex of the structure, the inner ones being
completely covered by the outer ones, are called tunicated bulbs.
Where the leaves or leaf bases are separate and each can be scen
as a fat scale as in many of the lilies, the bulb is referred to as
a scaly bulb. Thus a bulb is rather more than a stem modifica-
tion, as its. main bulk is leaf : it is indeed a modified bud.

AERIAL STEMS MoDIFIED FOR FoOD STORAGE

This leads to consideration of other buds which have a function
of storage, etc.

A Terminal Bud : the Cabbage

The easiest example of this class to understand is the cabbage.
Here a massive terminal bud with many leaves provides storage
for the large quantities of food produced in the first year and
consumed by flowering in the second. This bud, of course, has
no value in propagation ; it merely confers bienniality.
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Lateral Buds : Brussels Sprouts

Another crop plant of similar structure, but where lateral buds
are involved and not the terminal, is the brussels sprout.

A Main Stem : Kohl Rabi

An outstanding example of a modified stem conferring bienniality
is seen in kohl rabi. Here during the first year of the plant’s life
practically the whole length of the contracted unbranched main
axis of the shoot is involved in ‘producing a large round swollen
body. The swelling is due to an enormous proliferation of the
central pith, the cells of which are richly supplied with sugar in
solution in the sap. In the second year the food is used up in
the production of a large amount of flowers, which develop after
the terminal bud has elongated.

Kohl rabi, though botanically a stem structure, is usually
regarded in practice as a root crop, for there is little apparent
difference between the swollen ‘““bulb” of kohl rabi and
that of turnip. The one is all stem, the other is almost all
root.

Marrow-stem Kale

In marrow-stem kale the stem is not contracted, but the pith
is greatly increased, so that the plant occupies a position midway
between kohl rabi and the unmodified stem of the annual wild
cabbage.

Roots MODIFIED FOR STORAGE

Turnip and Swede

In turnip the tissue which is increased is secondary xylem, a
product of the wood-cambium. It, in the first year of life, pro-
duces a mass of cells which do not modify but remain mainly
parenchymatous. The sap of each of these cells becomes charged
with sugar. In the second year this food is drawn off to support
the mass of flowers which arise in a tall shoot system produced
by the elongation of the terminal bud.

Swede shows the same internal organization and behaviour
of the root. In morphology the swede ‘ bulb” differs from
turnip, for it bears at its apex a short stout length of unmodified
stem, the *‘ neck.”
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Carrot and Parsnip

The roots of carrot and parsnip too are largely xylem, but rather
more cortex and phloem enters into their make-up. The wood-
cambium is at the outer limits of the.so-called core. The wider
the cortex, the better the carrot from the culinary point of view.
These two roots, too, confer bienniality.

Mangold and Beet

The “ roots >’ or so-called * bulbs ” of ‘mangolds and beets, like
those of turnip and swede, are practically all root. The make-up
of the tissues, however, is quite different from that seen in any

[Photo : Sutton & Sons Ltd
Fic. 38
Sugar Beet

This root consists of a small portion of swollen stem at
apex, a small portion of hypocotyl, and the major
portion true root
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other root-crop. In the seedling a normal dicotyledon arrange-
ment is seen. Later, a secondary cambium develops deep in the
cortex very much as the cork-cambium has been described as
doing in other plants (page 67). Both the original cambial ring
and this new one make tissues resulting in xylem inwardly and
phloem outwardly. After a period of activity, these two rings
become quiescent, and a third cambial ring forms in the cortex
again. This ring too for a time produces xylem inwards and
phloem outwards and then goes quiescent. This process of
initiating secondary cambiums goes on until. some five to seven
complete rings have formed. Thus, in following a radius out-
wards from the central medulla, alternate bands consisting of
xylem-cambium-phloem are passed. There is usually a band of
parenchymous tissue left between the phloem of one ring and the
xylem of the next.

Phloem is the tissue which carries sugar down from the shoot
for storage. The sieve tubes therefore of all the elements of the
root are richest in sugar. Movement of sugar from the tubes to
the parenchyma and other tissues is by diffusion and therefore
slow. The high concentration of sugar seen in the phloem falls
progressively as the distance out from that tissue increases. The
inter-ring parenchyma farthest from the sieve tubes has therefore
the lowest concentration of sugar in the root. Hence a beet with
many rings close together has a higher sugar content than a root
with few rings and much parenchyma between. This root
storage, as in turnip and swede, confers bienniality on mangold
and beet.

Few other root modifications are significant in agriculture,
though the root tubers seen in the lesser celandine may be men-
tioned. In this plant, adventitious roots rise on the base of the
stem, each just below a bud. These roots swell up with food.
When an adventitious root is broken off, the bud comes away
with it, and the unit so formed serves for perennation and pro-
pagation.

BOOK FOR FURTHER READING

FritscH, F. E. and SavrisBury, E. J. Plant Form and Function (G. Bell & Sons,
Ltd., 1943)
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PLATE 23 PINEAPPLE

The side shoot “ suckers ” arising on the main stem below and the *“ crown ”
at the apex of the multiple fruit are used to propagate this crop
(Photo : Hawaiian Pineapple Company, Honolulu)
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PLATE 25 SECOND GROWTH IN POTATO

A potato crop checked by dry weather prior to harvest may be mature but not
yet dormant. If good growing conditions then occur, the tubers may become
active to form second growths



PLATE 26 PROPAG.

Collecting and preparing Hop sets
(Photograph : Farmer and Stock Breeder)

Potato set sprouted in dark Potato set sprouted in light




CuAPTER V

MODIFICATION OF STANDARD TYPES AFFECTING
VEGETATIVE PROPAGATION

THE studies in morphology and anatomy completed in the previous
chapters have a number of direct applications to practice. Their
chief uses arise in understanding and exploiting the functioning
of the plant which is to be explained in the next section. Many
of the direct uses attach to weed eradication and control, for an
understanding of methods of natural propagation is necessary
for effective action. These and other aspects connected with
clean farming form a united whole which will be treated later
in a separate section. In this chapter those aspects of form and
structure which are effective in propagation and used in the
actual production of a crop will be illustrated.

In the temperate regions crop production by vegetative means
is restricted to comparatively few cases. Possibly this arises from
the relatively high costs involved in collecting, preparing, and
planting the propagant compared with seed harvesting and
sowing. Vegetative methods are more commonly employed in
tropical countries, possibly because vegetative growth tends to
be more exuberant there, or because labour costs are lower.
Belief in these views is reinforced when it is remembered that the
marketed products of horticulture usually bring higher returns
than those of agriculture ; and in temperate regions vegetative
propagation is more popular in the nursery and fruit trades than
in farming,.

THE ADVANTAGES OF PROPAGATION

In agriculture use of propagation is almost confined to cases
where normal seed is not freely produced, not easily harvested,
or cannot be relied upon to develop quickly into a uniform,
satisfactory crop. Propagation is usually reliable, and the plants
produced uniform in character and similar to the plant which
bore the propagant. The possible advantages may be summed
up as follows : (1) A crop species which does not produce seed
or whose seed for any reason is unreliable can be increased with
ease. (2) The crop produced from propagants is uniform in
character and repeats exactly the good points found in the
“ parent.” (3) The propagant, being composed of adult tissues
(485) 95 8
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and carrying more food than a seed, does not have to pass through
all the phases of embryonical development and therefore becomes
established in the soil more swiftly and reliably than a seedling.
Because of this speed and reliability advantage can be taken of a
growing period curtailed at either end by climatic factors such as
frost or drought. (4) In many cases a crop raised by vegetative
propagation gives a higher yield than would one raised from seed.

Ratooning

Crop production by simple methods approaching propagation in
character may be mentioned here. This is seen in a subject like
cotton or sugar-cane, which usually occupies the land for only
one growing season. Somectimes after harvest the plants are cut
back very severely and buds low down are induced to become
active. The second year’s crop produced from these buds is
called a ratoon crop or the stubble crop. Ratooning may be
practised over more than one year. The costs of replanting are
saved by this, but the method is falling in popularity because by
the second year insect pests and disease have accumulated.

ExampLEs oF Crop PropucTION BY PROPAGATION

In some crops artificial propagants are used. That is, pieces of a
normal unmodified stem are cut off a growing plant and induced
by suitable treatment to form adventitious roots.

The Use of Aerial Shoots

Sugar-cane is treated in this way. The plant is a tall growing
grass. Each stem (cane) shows very definite nodes, each with a
well-developed bud. The leafless cane is cut into short portions,
each to include two nodes. These “ seeds >’ are planted horizon-
tally in the soil, and after a time adventitious roots develop. One
at least of the buds becomes active and develops into a new aerial
shoot. Some growers prefer, as “ seed,” nodes from the upper
region of the cane, others prefer those from lower levels.

Crops of cassava or manioc are usually produced from aerial
stems. Portions about eight to ten inches long are partly buried
in the soil in an upright position. The buried axillary buds
develop. The rhizomes of the plant are occasionally used. The
pepper crop is got from cuttings which include the topmost nodes

or tips of the vine-like stems.
96



VEGETATIVE PROPAGATION

Layering

Other methods of using unmodified stems are commonly adopted
in horticulture. Layering is one of them. This consists in bending
down and burying the aerial stem in whole or in part. After a
while the buried portion forms adventitious roots along its length
or in some cases at the node only. The buds at the nodes too
become active and form what may be called sucker shoots.
The original branch is then removed from the ‘ parent ” and cut
into portions each possessing a rooted stem. These are planted.
This method has proved useful in subjects the stems of which
do not root easily, so that a simple cutting would die before
rooting became active. The highly standardized grafting material
(stocks) of apples and other tree fruits required to-day are pro-
duced in this way.

Marcottage

A variation of layering in marcottage. In this the soil is brought
to the stem and not the reverse as in layering. A receptacle
containing soil is assembled so as to encircle a suitable aerial stem.
In place of soil a large bunch of moist fibre or moss may be bound
round the stem. Under the influence of this treatment the stem
forms adventitious roots. The rooted portion is then severed
from the *“ parent ”” and planted out.

Paris of the Aerial Shoot used as Propagants, e.g. Pineapple

Pineapple shows many parts of the shoot system being used to
produce a new crop. The leafy tufts removed from the top of the
fruits and rejected by the canners are called * crowns.” These
root easily and provide a cheap and easily handled propagant.

“ Slips,” small parts of the fruiting stem, root readily, as do
stumps, parts of the main axis. The parts usually preferred by
growers, however, are ‘“ suckers.” These are small plants which
develop from buds in the axils of leaves arising on the stem just
below the fruit. These last are preferred because plants derived
from them fruit sooner than those from other parts.

Turning now to the use of more natural agents for vegetative
propagation employed in agriculture, an intermediate condition
is seen in banana, date palms, etc. In these plants erect sucker
shoots arising from the base of the stem, and often already supplied
with adventitious roots, are broken off and planted.
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Sisal too is a crop sometimes produced from suckers, but here,
as an alternative, small aerial structures, bulb-like in nature and
called bulbils, are often used. These miniature bulbs occur on
the aerial stem and replace flowers.

PropracaTioN oF THE Hor

The hop is one of the crops of more temperate regions commonly
produced by vegetative means. As has been explained, the plant
is perennial because it forms a stool from buds on persistent stem
bases. The aerial stems produced by these buds and developed
anew cach year are regarded by some as being short rhizomes
which turn into the vertical line early in their development.
Some of these must be cut off every year or else in time the stools
would encroach on the land between the rows, and intercultiva-
tions would be prevented or obstructed. This “ pruning” is
done in spring. When new land is to be planted these prunings
are used as propagants. Each is some four to six inches long and
bears a number of buds accompanied by adventitious roots. They
may be planted directly into the permanent rows the crop is to
occupy, or they may be transferred to temporary (nursery) quarters
and the planting in permanent rows carried out in the autumn.

Some high-yielding forms of lucerne which do not set seed
freely are sometimes dealt with in this way.

Vegetative Propagation of Pasture Plants

The stolons of such plants as strawberry clover, guinea grass,
etc., are often used in ecstablishing pasture. The stolons required
in these cases are obtained from an existing patch of the plant.
The patch is often one specially maintained and used as a sort
of nursery. The stolons are gathered up, roughly cleaned, run
through a chaff-cutter, and so cut into lengths. The chaffer is
set in such a way that it cannot cut a portion so short as not to
include a bud. The chopped-up stolons are broadcast on the
land and then covered.

ProracaTioN oF THE Porato Cror

In the potato the tubers of one year are dug up and stored for

planting in the following spring. Individuals about 2 oz. in

weight are regarded as * seed size.”” When large tubers are used
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as ““ sets ” there is some danger that too many eyes will be present
on each, and too many shoots will develop when they are planted.
In this case the “seed ” or “sets” are cut into portions. In
cutting, care has to be taken to ensure that each portion is not
too small, and also that some are not left with too few or no
buds. In addition, it must be remembered that the buds of the
rose end, particularly those nearest the apex, produce the strongest
shoots. In cutting potato sets the knife should pass down the
morphological axis—that is, from rose to heel—in such a way
that each individual cut-set includes at least one of these better
buds.

The actual cutting should be done within a few days of plant-
ing time. The cut surfaces of the sets are often dusted over with
powdered lime in order to dry them and prevent fungi developing.
Under favourable circumstances the cut surface of a potato tuber
will callus over, but this cannot be relied upon in practice.

Dormant Tubers

Potato tubers immediately after harvest are often in a dormant
condition. They are quite alive, but even under ideal circum-
stances are incapable of “ germination.” During a period of
storage physiological changes take place in the set which permit
active growth of the buds when suitable conditions are supplied.
The onset of these physiological changes is sometimes stimulated
by exposing the tubers to the vapour of certain chemicals, e.g.
ethylene chlorohydrin, ethylene dichloride, etc.

Sprouting Potato Sets

Often potato tubers intended for planting are induced to form
sprouts prior to being put in the soil. At a temperature a little
above 10° C. and in some humidity the “buds” of sets that
are not dormant commence activity.

It is desirable that the shoots on sets for planting should be
short. In thisregard it is not the shoot as a whole that is important,
but the length of each internode. The reason for this is that tuber-
bearing rhizomes of the crop will develop only from lateral buds
on those sprouts which are below the soil level. Hence, other
factors being constant, the more nodes of the sprouts which are
below soil level after planting the more rhizomes with tubers

99



PRINCIPLES OF AGRICULTURAL BOTANY

there will be. The depth to which the set can be planted is limited
by practical considerations. Hence a sprout with many nodes,
and therefore buds, but with very short internodes, will provide
eventually the maximum number of rhizomes below soil level.

Exposure to light reduces extension of internodes, while dark
conditions cause them to lengthen. Hence potato tubers intended
for planting should be sprouted in plenty of light.

After the set has been planted the earlier cultivations usually
practised on the crop are helpful in combating weeds. Many
of them, however, particularly harrowing down of the drills, are
most useful, because they permit light to reach the developing
sets, and elongation of the internodes is checked. The final
earthing-up should cover as many buds as possible.

Organs other than Stems may be used as Propagants

In all the examples of vegetative propagation quoted so far, a
portion of shoot system forms adventitious roots, and so regenerates
a whole plant. Other organs can be used to regenerate a plant.
Roots of some subjects may be induced by special treatment to
form adventitious buds. These out-growths are of endogenous
origin. The different cases are often of great scientific interest,
but have little importance in agricultural practice.

‘GRAFTING AND Bubpbing

Another method of vegetative propagation is the extensive use
of grafting whereby a portion of shoot (the scion) of one plant
is caused to grow on a root system (the stock), derived from
another. In short, by grafting part of one plant on part of another
a composite individual is built up.

The essential point in all the methods by which this may be
accomplished is that a cambium of one of the components must
come in intimate contact with a similar tissue on the other.
When this contact is successfully made organic connection develops
between the tissue systems of the two. Many ingenious methods
of grafting have been devised to increase the area of contact
between meristems.

The scion may be a twig, a single bud, or a sheet of bark
including a bud, and the stock may be merely the stump of the
shoot or a whole tree.
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COMPATIBILITY OF GRAFTING MATERIAL

There are fine physiological questions involved in grafting. In
the first place the two components must be in some degree related
to each other. Even between grafts of quite close relationship
the union may be abortive. One variety of scion will not * take ”
on a given stock on which another variety of the same kind does
quite well. In the unsuccessful cases the components are said to
be incompatible. Finally, different stocks produce in the adult
plant different habits of growth, different degrees of longevity,
and different fertility or vigour when each is grafted with the
same variety of scion. Stock and scion relationships are of great
practical importance, especially in regard to fruit trees.

Approach Grafting

Just as there are cuttings which die before they produce roots
and have to be treated while still on the parent by layering or
marcottage, so there are scions which dry off and fail before
they can make organic contact with the stock. These are treated
by a method of approach grafting or inarching. When this is
to be attempted the two plants involved are grown in close
proximity. Shoots of each are wounded in a suitable way, so
as to exposc meristematic tissue. The two wound surfaces are
brought into intimate contact and firmly bound together. After
some time, when organic connection has been established between
the two, the scion part is severed from its parent and becomes
a free component of the new plant.
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CHAPTER VI

MODIFICATIONS OF STEM, ROOT, AND LEAF,
IN THE IDENTIFICATION OF PLANTS

VERY often it is the duty of a botanist to identify and name plants.
When these are presented as whole specimens in adult condition
attention is usually directed to the flower and its parts. Most
systems for the identification of plants are based on characteristics
of the organs connected with reproduction. The agricultural
botanist, however, is often called upon to identify plants in the
non-flowering, purely vegetative state : twigs_from trees in their
winter condition, grasses from a close-grazed sward, or even small
parts of plants which have been crushed or ground to form a
feeding-stuff. It is not uncommon for partially digested frag-
ments of foodstuffs, extracted from the stomach contents of an
animal, to be submitted for identification. This may be very
important when deaths of stock are thought to be caused by
ingestion of poisonous plants.

The classical methods of identification using characters of the
flower are not applicable in any of these cases, and therefore
small variations of the vegetative phase characteristic of each
plant have been described, and these are used.

Recognition of the Larger Groups

From what has gone before, methods of deciding whether a speci-
men of stem or root is a monocotyledon or a dicotyledon will
readily be deduced. So too a leaf of grass or sedge may be
recognized if a stoma is present. Examples will be offered here
of different systems applicable to different groups of plants
significant in agriculture, and each is capable of defining
individual kinds of plants, not just classes or groups.

IDENTIFICATION OF TREES AND SHRUBS IN WINTER CONDITION

A number of trees or shrubs come within the purview of the
agriculturist. The twigs of those in winter condition bearing
neither leaves, flowers, nor fruits, but bare apart from buds, may
be sent for identification. The buds, bark, and leaf scars often
provide sufficient features for this identification.
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TABLE I.—SUMMARY OF CHARACTERS USEFUL IN THE IDENTIFICATION
WINTER CONDITION AND NOT

BUDS
(Buds sessile except in cases specially noted)
NAME -
Size Shape No. of scales Colour
BUDS OPPOSITE
Dogwood not small longer than | 2to 4 grey
broad
Common Maple small broader than | several green-brown
long
Norway Maple intermediate | ovoid several red-brown
Ash large globose 2-4 black
Elder large ovoid and many loose reddish olive
open
Sycamore intermediate | ovoid several, green ; dark
compact 1ips
Spindle tree intermediate | narrow several green, red tips
Privet small pointed 4-6 green
Honeysuckle intermediate | 4-angled many green-brown
Wayfaring Tree small long 2 or none grey-brown
Guelder Rose not small oval 1-2 red-brown
Horse Chestnut large longer than | several red-brown
broad
Buckthorn small ovate several red-brown
BUDS ALTERNATE IN TWO ROWS
Spanish Chestnut large angular 2-3 yellow-green ;
red-green
Lime intermediate | fat, globose | 2-3 grey-brown
Beech long long and many > 12 | chestnut brown
pointed
Elm (common) small oval, pointed | several grey
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OF THE TWIGS OF SOME COMMON DECIDUOUS TREES WHEN IN

r

ALREADY DESCRIBED IN THE TEXT

one

BUDS BARK
s o NOTES
Hair Colour, etc.
BUDS OPPOSITE
hairy smooth twig bright red after frost 1
hairy tawny and stems angular ; opposite scars meet 2
corky
none smooth, red- milky latex in tissues ; scars ringed so they meet |3
brown round twig
hair smooth, green- terminal bud > laterals ; stem flat at nodes; |4
grey bud scales keeled
none grey-green bark “ gritty” to touch; broad pith; sickly |5
smell when crushed
none smooth, grey- scars crescentic but do not meet round twig 6
brown
none greenish stems ridged ; sometimes 4-angled 7
none smooth, dark not completely deciduous 8
green
none glossy brown twining stem ; hollow pith ; buds open early 9
stellate hairs stellate hairs ; flower buds short stalk ; bud scales fall early 10
grey
none smooth, grey- the two bud scales are fused 11
yellow
marginal hairs brown buds gummy, twigs stout 12
none grey branches end in thorn ; spur shoots with no thorn ; | 13
buds occasionally not quite opposite
BUDS ALTERNATE IN TWO ROWS
none brown bud off centre of scar ; twig ridged 14
none smooth ; red- twig axis zigzag 15
yellow
on top of scales | dull grey buds stick out from twig, at angle ; longer than |16
broad
hairy + hairy there are a number of elms ; this is the common

}17
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12

13

14
15
16

17

18

19

20

21
22

TABLE 1

BUDS
(Buds sessile except in cases specially noted)
NAME -
Size Shape No. of scales I Colour
Hornbeam intermediate | oval, pointed | many brown
Hazel intermediate | plump and several pale brown ;
blunt red-green
BUDS SPIRAL IN MORE THAN TWO ROWS
Alder . intermediate | small clubs | 2-3 violet
Blackthorn (Sloe) very small globose several dark brown
“Hawthom minute in round and several | red-brown o
pairs pointed
Plane intermediate | conical 1 grey-red
Willow (Crack) Taféc ) n R - yellow -
»  (White) small oval, pointed | 1 white
,,  (Sallow) inter. J 1 yellow
Walnut large | oval several black
Mountain Ash (Rowan) | large triangular several “black ; dark
purple
Common Oak large blunt and many o éfcy-brown
angled
Aspen small conical several brown
Black Poplar small conical several yellow-brown
Grey Poplar small oval several grey
Birch small oval several reddish
‘Apple (Crab) | notsmall | oval; | several | brown
3-angled
Pear (Wild) not small oval | several dark brown
Plum (Wild) “intermediate | conical many dark brown
Wild Cherry (Gean) large ovoid ; several brown
pointed
Barberry small stumpy none red-brown
Larch small globose many brown
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Continued

BUDS BARK
NOTES
Hair Colour, etc.
hairy rough buds similar to beech, but appressed to twig
hairy pale brown male catkins conspicuous ; glandular hairs
BUDS SPIRAL IN MORE THAN TWO ROWS
waxy bloom blue-grey triangul:;rdtwig ; violet vx;axy bloom
hairy smooth ; grey- | thorns are branch tips; spurs and terminals ;
brown buds in clusters
none smooth ; grey, thorny branch spines
purple-grecn
none smooth ; light tubular petiole-base, leaves a ring scar round
brown the bud
none glossy ]
silky silky hair . These are types from a complex group of many
forms
smooth red ; no hair
terminals hairy | green-brown, lateral buds not hairy ; pith chambered
smooth
tips hairy maroon to grey
hairy ribbed and twi(f axis makes i.r;:tgular ch;r;ges of direction ;
ridged grey buds in clusters
none shining ; pale twigs glabrous
brown
none yellow ; ribbed { twigs may be hairy or not ; buds sticky
cottony cottony ; ribbed

I

shining and warty and twig thin and whiplike ; aﬁoiiner form has downy

sticky hairy buds

hairy glossy ; red- spur shoots may carry spine
brown

hairy smooth ; yellow- | branches often thorny ; on margins of scales
brown

hairy smooth ; red- on margins of scales
purple

none smooth ; blue- | bud scales keeled, with mucronate point ; buds
brown aggregated on spurs

none red-grey 1-3 spines below each bud

none rough twig rough, due to persistent leaf bases; buds

resinous ; cones often present on twigs
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Arrangement of Buds on Twigs

The bud arrangement is fundamental. The first separation of
material can be into two-classes : (a) buds in pairs, and () buds
alternate. This second class (b) can be split to include on the
one hand those twigs where the phyllotaxis is one half, and on
the other those with phyllotaxis some fraction smaller than
a half.

Characters of the Buds

These three classes can be further sub-divided on the basis of
other features. The buds of some trees are sessile, on others
they are borne on stalks. Again, some buds are protected by
scales, the number of which is constant for a given tree, or the
buds may have no protection but remain naked. The various
associations of these different features arec characteristic of twigs
of different kinds. For example, on the black and the red currants
the buds are arranged alternately, carried on short stalks, and
are protected by a number of scales. They are almost unique
in this. The two may be differentiated by other features. The
red currant has a grey-coloured bark, which comes off in long
scale-like portions. There is no odour from the twig. The bark
in black currant is smooth, dark olive-green to black in colour,
and the twig, especially when crushed, emits a characteristic
smell.

The vast majority of woody plants of the farm, apart from
these two, have sessile buds arranged in a spiral. From this a
group with ¢ prickles ”’ on the surface of the bark may be isolated,
This includes the gooseberry, barberry, wild rose, bramble, and
raspberry. The rose, bramble, and rasp have backwardly-
curving prickles scattered over the whole surface, while on
the gooseberry and barberry the spines are straight and not
scattered but inserted below the buds. The bark in goose-
berry is greyish, while that of barberry is dark. The buds
in barberry are blunt as opposed to the sharp-pointed ones of
gooseberry.

The necessary data for “ spotting > the twigs likely to be
submitted to a botanist in Britain have been here assembled in
Table I. All trees which have salient features in common have
been grouped together. When a twig is found to possess a group
character, another feature used in the table should be looked
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Fic. 39
Some characteristic twigs
(a) Gooseberry () Cherry (¢) Pear (a lateral bud has here
(d) Horsechestnut (e) Blackcurrant taken the lead)

The scars shown x are typical of those left by the scales of a terminal bud,
and mark the base of one year’s growth

for which will differentiate the individual from the other members
of its group.

The grouping adopted here is quite arbitrary, and the student
is advised to construct other tables bringing the various kinds
of twig into different relationships. So, too, plants not included
in the table should be identified while in summer condition, and
then in the subsequent winter the twigs examined and their
salient characters noted.

THE PASTURE PLANTS IN VEGETATIVE CONDITION

The plants of our pastures often have to be identified in the non-

flowering condition. These are usually grasses or clovers and

their allies. The clovers and all the plants allied to them are

dicotyledons, while the grasses and their allies, are monocotyledons.
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PLATE 27 RIND GRAFTING

The bark is separated from the cambium The prepared scion is inserted

'The scicns ** take ” and the tree is
refurnished

In this and in all other forms of grafting or budding the important point is that
close contact should be made between the cambium of the stock and that of the scion
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PLATE 29 BUDDING AND TONGUE GRAFTING

The stock prepared, the bud inserted and the wound
bound up

The

The scion made (o fit on a saddle or tongue of the stock is placed in position and
“bound up. The fit must be ncat. Note twig on right



(uonmys youvasay Suypopy 157 010Yd)
25e owes a2y Jo aIe pue II[e
NMPAn A13A ©AN1 MAad wamo TTV Stnmens (§2) puw yame v r Sumery 257 uo paeaS (Lonuzay) orddv 1o L1otrea swes oy,

NOIDS NO 3JDOLS JO .LDFAdd 08 dLVId



STEM, ROOT, AND LEAF

Fic. 40

Sedge and grass—Ieaf arrangement, seen from the side, from above,
and in ground plan

(above) Sedge (below) Grass

GRASSES AND THEIR ALLIES

Looking at the grasses first, they are readily separated from all
other grass-like plants because their phyllotaxis is a half, while
that of the non-grasses is one third. A plant found in grassland
showing the characteristics of a monocotyledon and phyllotaxis
one half, that is, with the leaves alternate in two rows down the
stem, will be a grass. Similar-looking plants with the leaves also
alternate but in three rows will be sedges or their allies.

Within the grasses, the roots, stems, buds, and leaves all
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present features of interest. In order to understand the signi-
ficance of the various features, some understanding of the biology
and structure of the grasses is desirable.

The Grass Seedling Root System

Grasses are peculiar in the method of pro-
duction of their root system. On germi-
nation, the “seed ” seems to produce more
than one main root. More correctly it
should be said that the radicle very early
forms a number of branches of equal thick-
ness, and these all emerge through the
“seed” coverings simultaneously. These
are known collectively as the seminal root
system. The function of the seminal root
system is temporary, and is to provide for
the supply of the seedling stage only. Later on it dies. If other
methods fail, the roots may be useful in identifying seedlings
of the cereals. For example, in wheat and oats the number of
main seminal roots is three, in rye four, and in barley five or six.

During the period when the seminal roots are active the
growing point of the shoot is carried up to the surface of the
ground by the rapid clongation of the
first internode. The first true nodec is
carried up to soil level irrespective of
the depth (within reason) to which
the ‘““seed ” was planted. This first
node is of importance in the subse-
quent history of the plant.

Fic. 41
The seminal roots of barley

The Grass Adult Root System

It is from the first node that the per-
manent root system develops adventi-
tiously. Thus the permanent root
system of grasses always originates at
or near the surface of the soil and has -
then to grow down to lower levels.
As it originates at the “crown” it
is called the coronal root system. Strut-roots
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Frc. 43

The root systems of a grass (maize)
Left  Young seedling, seminal roots only
Right Older seedling, seminal and coronal systems both present

During the change-over from the seminal to the coronal root
system there may be a period of weakness in the plant.

The adult plant later on may produce adventitious roots
higher up on the shoot. These act rather as struts or props, and
are therefore called strut-roots or prop-roots.

The Shoot of Grasses

When the growing point of the seedling shoot reaches soil level
the subsequent internodes remain short, at least for a time.
The plant is said to ““ set ” or ““sit.” The very short axis so con-
stituted is the crown, and from it all buds of primary order originate.
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Hence, the branches all originate at or about ground level, very
much in the same manner as a ““ crown ” of branches forms at
the top of the unbranched trunk in many forest trees.

Tillers and Tillering

When a plant produces branches in a crown at ground level,
it is said to tiller, and the branches are called tiller shoots or
tillers. The amount of tillering in a grass plant is controlled
almost entirely by heritable factors in conjunction with the
amount of light reaching the crown. Some varieties tiller more
freely than others. More light at the crown results in more
tillers, while less light gives fewer branches. In a thickly sown
corn crop less light reaches the crown than is the case in a thin
crop. Thus, in a thin crop tillering is encouraged, and the crop
is said to thicken or tiller-out. In the thickly sown crop, even of
a freely tillering varicty, branching will bc restricted or even
inhibited by lack of light. Other factors affect the position, but
these two, light and inheritance, are the most important. Later
in the history of the plant, usually as a prelude to flowering, the
terminal buds of tillers become very active, the branches elongate
rapidly, and the plants are said tc shoot.

The Grass Culm

The stems produced by grasses when they shoot are long, straight,
hollow cylinders of small diameter with the flowering region
confined to the part near the apex. “Such a stem is called a culm.
In some grasses the culm has nodes where lcaves are producced,
but the bud in the axil of each does not develop. At the culm
nodes the hollow stem is filled in and is said to be solid at the
nodes. Very few grasses have culms which are solid all along
their length, though one well-known example is maize. Tillers
which do not shoot and have no flower are said to be vegetative,
or barren, or sterile.

FEATURES OF GRASS PLANTS USED IN IDENTIFICATION

The Root System
Turning now to the characteristics of the non-flowering adult
grass plant used in identification, it is seen that, as in most
monocotyledons, the roots are all adventitious and have their
114
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PLATE 32 GRASS STEMS

Section through a plant of Yorkshire Fog. The sympodial stolons
form a loose tuft

Transverse section of a grass culm. The central ground tissue has
been absorbed. Note the concentration of bundles and sclerenchyma
at the periphery
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origin near to the surface of the ground. The root system consists
of many members, all of equal though limited thickness. There
is no tap-root and the system as a whole is tuft-like. Apart from
the seminal system of seedling cereals, roots in grasses provide
features for identification of the adult plant in a few cases only.
Two of these are moor mat-grass and purple molinia, where the
several members of the adult root system are not truly fibrous
but thick, and resemble cords. These grasses are said to have
cord-like root systems.

The Tillers

The shoot system provides a number of points useful in identifica-
tion. If the greater proportion of the tillers on a specimen are
in the fertile condition, the plant may be assumed to be of annual
habit. If on dissection the greater number prove to be purely
vegetative, then the plant is probably perennial. Should the
actual specimen in hand be of a perennial and more than one
year old, then the bases of tillers of previous years’ growth will
be present and provide additional and conclusive evidence on
this point.

Those grasses which shoot to produce tall culms, especially
if these carry leaves, add to the hay yield. These are called top-
grasses. On the other hand some grasses produce short culms,
and the great proportion of the leafage is situated near the ground.
These are called bottom grasses.

The Leaf

Except in certain cases to be specifically mentioned, it is the
ground leaves which are used in the identification of grasses. The
cauline leaves borne on the flowering culm are rarely used in
this work.

The ground leaf is the centre about which nearly all points
of grass identification turn. If one such leaf is gently pulled away
from the stem four parts may be recognized. The blade or lamina
is free. The petiole or sheath is seen to encircle or clasp the inner-
lying leaves and the stem. Up at the top of the sheath where it
joins the blade or lamina a small frill or tongue-like structure
will be found. This is an up-folding of the morphological upper
epidermis of the sheath, and is called the ligule. The margins
of the lamina at the base where it joins the sheath may be pro-
longed into two small ear-like processes called auricles. The
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Fic. 45
The parts of a grass leaf
(blades cut short)
Left  The leaf in natural position
Right Pulled away from stem
From below upwards note bud in axil,

sheath or petiole, auricles (hairy),
ligule (long and pointed) and blade

grass leaf has always a sheath and a blade, nearly always a ligule,
and often a pair of auricles. Variations in the size, shape, and

occurrence of these provide many of the characters used to
differentiate one kind of grass from another.

Branching and Habit of Growth

The bud which lies in the axil of the leaf down at the base of the
sheath provides the next feature of interest. When the bud
develops to form a branch it may behave in one of two ways.
On the one hand, it may grow vertically upwards, passing between
the sheath and the stem. This is called intra-vaginal branching,
and results in a tufted habit of growth. On the other hand, the
developing bud may proceed horizontally and burst through the
leaf sheath. Such a method of development is called extra-
vaginal branching, and is seen in all grasses of creeping habit.
The creeping tillers from extra-vaginal branching may keep below
soil level and so produce rhizomes, or they may lie above the
ground as stolons. Some grasses are rhizomatous ; others stoloni-
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Fic. 46
Development of the grass bud

Left  Fxtra-vaginal development—
creeping habit

Right Intra-vaginal development
—tufted habit

ferous. Care should be exercised in using this character for
identification, because there is reason to believe that some grasses
can be either stoloniferous or rhizomatous, depending on the soil-
water level. In wet soil the tillers tend to be stolons, but in drier
soil they go deeper and are then described as rhizomes. The
creeping stems of grasses may be sympodial or monopodial in
habit. Sympodial stolons sometimes form a flat pseudo tuft as
in Yorkshire fog.

Rough-stalked meadow-grass is of interest here. The young
seedling plant branches intra-vaginally and forms a tuft. Later
tillers, however, develop extra-vaginally to form stolons. The
offsets produced by the stolons are tufted, and in turn produce
stolons. Rough-stalked meadow-grass is peculiar in that it shows
both tufted and creeping habit.

The “ Bulbous > Grasses

Not only are stolons and rhizomes found in different grasses, but
corms and bulbs may occur. In timothy grass the first few inter-
nodes immediately above the soil level swell out to accommodate
food stores and a pseudo-corm is produced. This is covered by
brown or chocolate-coloured shrivelled bases of the lower leaf
sheaths.

In tall oatgrass a number of internodes below soil level become
swollen, the nodes not being particularly affected. The corms
in this case resemble a string of small onions or very large beads.
These resemblances confer on the plant its popular name of
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“ onion couch,” * pearl grass ”’ or “ pearl couch.” Each * bead
is a swollen internode, and the whole string breaks up easily into
units. Each unit consists of one swollen internode and the node
immediately below. It is thus complete with a bud accompanied

by a supply of food. All these propagative devices for spreading
the plant also confer perenniality.

Ptyxis, or the Arrangement of the Leaves in the Bud

The next character of importance in recognition is how the
young leaves are arranged in the bud. The stem of all grasses
is cylindrical (round in T.S.). When the young leaves in the
bud are rolled round the stem the external appearance is cylindrical,
and in T.S. the bud appears circular in outline. The leaf blades
emerging from such a bud are curved about their long axis or
mid-rib.

The leaves may be, not rolled, but folded over the stem.
In these cases the fold runs up the long axis of the blade at the

Fic. 47
Left Leaves emerging from “ folded in the bud ”
Right Leaves emerging from * rolled in the bud ”
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main vein or mid-rib. The external appearance of a bud of this
character is of a two-sided, flattish structure, elliptical in T.S.
The leaf blade newly emerged from a bud of this type is seen to
expand like an opening book.

The two conditions, rolled and folded, may be readily recog-
nized in the field by taking a grass bud lightly between the fore-
finger and thumb and rolling it about. The * rolled-in-the-bud ”’
grass rolls easily. The ‘ folded-in-the-bud *’ seems to * bump,”
and the finger is pressed away from the thumb and then allowed
to come nearer. This provides a very useful feature in identifica-
tion. For example, Italian ryegrass and perennial ryegrass are
very closely related and very similar in appearance when not in
flower, yet Italian ryegrass is readily seen to be “ rolled in the
bud,” while perennial ryegrass is * folded in the bud.”

The Leaf Sheath cr Petiole

Taking the several parts of the leaf in turn, the sheath may be
dealt with first.

On the sheath a keel may be present or absent. The keel
when present runs up the back or spine of the sheath and is
formed by the accentuation of the main vein. In some grasses
other veins are also of interest. In wood melic grass the main
vein and two intermediate lateral veins are protuberant and the
sheath appears four-sided or square in transverse section. Again,
in many water grasses the veins are well developed with many
cross connections forming a network, and the sheath appears
“ netted.”” In some grasses the margins of the shcath are grown
together and give it the character of an entire or tubular structurc
as opposed to those in which the leaf sheath is not united,
described as split. Often this character is not casily determined
with certainty because growth of the bud may cause splitting
of an entire sheath.

The Grasses with Coloured Leaf Sheaths

In Yorkshire fog the veins are stained with red dye and appear
as fine pink lines running vertically up the sheath. In many
other grasses the leaf sheaths are coloured uniformly, at least at
their bases. The leaf sheath is a beautiful purple red in the rye-
grasses and in meadow fescue, an orange-yellow in dogstail, or
violet-cum-chocolate in meadow foxtail.
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Fic. 48
Grass leaf-blade outlines

(a) Narrowing towards base and apex, broadest part } up from base --false brome
() Broadest at base, narrowing all the way up, apex pointed-—cocksfoot
(¢) Margins nearly parallel, apex hlunt-—ryegrass

(d) Margins parallel, apex shouldered—smooth-stalked meadow-grass

The Hairy Grasses

The presence or absence of hair, not only on the leaf sheath but
on all other parts, should always be noted. The amount of hair
on a hairy grass tends to vary with climatic conditions, being
more pronounced in dry and less well developed in wet situations.

The Blade or Lamina of the Leaf

The leaf blade provides many characters useful in recognition.
Grasses may be formed into two classes, depending on whether
the blade is fully expanded and flat or forms a long, thin, hair-
like bristle.

It should be realized that the flat expanded lamina presents
for inspection a definite outline, two surfaces (upper and lower),
two ends (base and apex), two margins, and that the green
colour is not usually uniform over its whole area. All these
may provide good clues to the identity of a given grass.

Outline of Blade

The outline of an expanded grass blade usually resembles that
of some form of a spear-head with curved sides. The two sides,
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however, may be straight and parallel, giving a strap-shaped
outline. In those cases where the sides are not straight the
blade is not of the same breadth over its entire length, and the
point of greatest width should be noted.

The Apex and Base of Blade

The apex of the leaf-blade may gradually taper to a point, or
the sides may be parallel almost up to the apex and then form
“ shoulders.” Similarly, in some species, the base of the blade
continues quite broad and ‘‘comes in”’ quickly, while in others
it narrows gradually from a point of greatest breadth down to
the breadth of the stem diameter.

The Surfaces of the Blade

In some kinds of grass the surfaces of the leaf blade are dull,
and in others shiny, For example, the leaf blades of perennial
or Italian ryegrass are shiny on their lower surfaces but quite
dull on the upper. When a field of leafy ryegrass is disturbed by
a light breeze, waves of light appear to ripple over it, due to the
wind altering the posture of the leaves or altering the angle the
leaf makes with the light source. In one part of the field the
shiny undersides are turned upwards and reflect light, while
in other parts the dull upper surfaces have returned to their
normal position. The striped appearance often seen in a
grass-field after rolling is due to the same sort of cause. The
roller passing in one direction bends the blades so as to reflect
light in one particular direction, and in travelling in the opposite
direction the blades are bent so as to reflect light in a direction
different from the first.

Ridges and Furrows on the Surface

Another character to be examined in the blade is the presence
or absence of ridges and furrows. The ridges occur in lines,
where the veins with their accompanying sclerenchyma form a
thickness ; the furrows are the spaces between occupied only with
mesophyll. Green colour does not occur in conducting tissue nor
in the sclerenchyma ; hence, if the blade is viewed by transmitted
light, the ribs and furrows appear as alternate dark and light
lines. Ridges and furrows are confined to the upper surface, and
are not commonly found on the under surface. The mid-rib in
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PLATE 33 SOME ‘“BULBOUS"” GRASSES

Tall Oat Grass Timothy (Herd’s Grass)

Purple Molinia. (Note the cord roots)



PLATE 3¢ LEAF ARRANGEMENT

T.S. Bud of a Sedge. Phyllotaxis {

T.S. Bud of Cocksfoot. Like all grasses, phyllotaxis 4. The leaves
_are folded in the bud
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Fic. 49

How to view leaf-blade ridges in the hand specimen

many grasses is well developed on the under surface, and suggests
a keel as scen in a boat. A grass blade with a protuberant mid-rib
on the under surface is said to be keeled.

The shape of the ridges is best scen by looking at a transverse
section. In the field this character may be determined by bending
the intact leat over the forefinger of the left hand and holding
the hand up to the light. Using a hand lens the leaf surface
is then viewed in contour as it “ goes over the horizon.” The
tops of the ridges may be flat, giving an appearance like castellated
ramparts, or they may be rounded at the apices or cach come up
to a sharp angular ridge.

Motor Tissues or Hinge Cells

In some grasses there are in the upper epidermis lines of large
cells with thin uncuticularized walls. These lines of thin-walled
tissue run parallel with the long axis of thc blade, very often
alongside the mid-rib or alongside the mid- and intermediate ribs.
In dry weather these cells lose water easily and shrink. This
causes the leaf to roll up to form a tube with the upper surface
inside. As will be explained later, this protects the leaf from
being dried out. Thin-walled tissucs of this type are known as
motor-tissues or hinge-cells.

Roughness of Surface

Another point about surfaces arises from the fact that the blades

of many grasses develop surface emergences, hairs strengthened

or coated with silica. These hairs are often curved like shark’s

teeth or cat’s claws, with the points directed either towards the
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Fic. 50

Emergences on surface of leaf blade. L. S. toothed blade of tufted hair grass. These
‘““teeth” give the diagnostic character of downwards or upwards rough, depending
on their direction of curvature

base or the apex of the lamina. By passing a finger-tip or the
tongue along the leaf surface from base to apex or from apex
to base, the direction in which these emergences point may be
ascertained. If the finger passes against the points the surface
registers as rough, but if it passes over the curved backs of the
hairs a smooth surface is suggested. If the roughness is apparent
when the finger is pulled downwards from the apex to the base
of the leaf, the condition is described as downwards rough. If
the roughness is felt in the reverse direction, the blade is said to
be upwards rough.

The Ligule

Considering now, not the blade, but the ligule the comparative
length should be noted. It may be very long and pointed as in
tufted hair grass, or so small as to be a mere Tidge as in many
of the fescues. In three grasses (purple molinia, decumbent heath
grass and common reed grass) it is reduced to a fringe of hairs.

The Auricles

As regards the auricles, chief interest turns on their presence or
absence. If present their length is important, and whether they
are curved so as to clasp the stem or not.
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Grasses with Bristle Blades

Turning now to the bristle-bladed grasses, there is very little
detail to be seen in the hand specimen of the blade though the
transverse section may be highly diagnostic. That of wavy hair
grass or moor mat-grass is solid with a median furrow. In sea
meadow-grass it is a U-shaped channel. In the bristle-bladed
fescues the form of the blade is due to the rolling up of the decply-
furrowed lamina which is caused by the action of lines of motor
tissue. In the field the mode of formation of the bristle is not.a
good diagnostic point, and these grasses are usually differentiated
one from the other by other characters.

For example, moor mat-grass is a perennial of tufted habit.
The leaf sheaths persist for many years. The bristle blades are
erect when young, later they assume a horizontal position, and
after quite a short life they are shed. An old plant of moor mat-
grass forms a compact tuft with persistent sheaths at the periphery,
then a narrow band of complete lecaves with their blades held
horizontal and, in the centre, young entirc leaves, the blades
of which are held vertically.

In learning to identify plants by this or any other method it
is advisable to see as many types as possible, arranging and re-
arranging the members as they fall into different groups. For
example, if one groups grasses according as the blades are rolled
or folded in the bud, Italian ryegrass, being rolled, is separated
from perennial ryegrass, which is folded, but both arc brought
together when rearranged in the “ coloured leaf sheath > group.

Only by examining and re-cxamining, grouping and re-
grouping, the grasses does familiarity and ready identification
come. A composite table of the common British grasses is offered
here (Tables II, III, pp. 128-132). In this they are so arranged
that grasses possessing some prominent featurc in common are
associated. The student should regroup the various grasses in
the table according to some other feature, and so see different
relationships.

THE CLOVERS AND THEIR ALLIES

The clovers and plants closely related to them are known as
legumes. This name comes from the nature of their fruit, which
is always a variation of a simple pod as seen in the pea or bean.
Those legumes which occur in grassland fields (excluding
whins or gorse) are herbs. Some are annuals, others biennials
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or perennials. The length of life in many cases depends on the
variety of the kind in question and thc climatic conditions under
which it is grown. A number are perennial because of their
creeping habit, or because of their ability to form stools.

The simplest way to deal with this somewhat mixed assemblage
of pasture and hay type plants is to consider them group by
group. As vegetative characters only will be considered here, the
group with the simplest leaf will be treated first. Later, groups
in an ascending order, determined according to the complexity
of their foliage, will receive attention.

Whin or gorse is a woody shrub, with plain strap-shaped
leaves. The tips of the branches form sharp points, rendering

Fic. 51
Leaves of some characteristic clovers (blades and stipules)
(a) subterranean (b) white
(¢) strawberry (d) suckling

the plant extremely repellent to stock. It is sometimes cut-over,
so that young stems may sucker from the stumps. These are not
so hard and prickly as the adult shoot, and may be grazed by
animals. In some districts the young suckers are cut, collected,
crushed to a fibrous pulp, and fed to stock. Typically a shrub,
the simple strap-shaped leaves and the branches which terminate
in sharp points or spines render it easy to identify, and no-one
could confuse this plant with the others listed here. Usually the
plant is a nuisance and should be eradicated.

The True Clovers

Of the more typical grazing and forage legumes, the first group

is the true clovers. These always produce compound leaves

formed of three leaflets. From this characteristic they derive

their botanical name of Trifolium. In common usage, this name
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PLATE 35 PTYXIS IN GRASSES

T.S. bud Italian Ryegrass : rolled

T.S. bud Schrader’s Brome. Leaves rolled, but the presence of
1 prominent keel may suggest the [olded condition in a hand
specimen



PLATE 36 THE GRASS LEAF—TYPES OF SHEATH

Keelcd, split sheath of Timothy Grass Not keeled, split sheath of Tall QOatgrass

The four-angled entire sheath of Wood Melic Grass.

The mid-rib (on /¢ft) forms one angle, the joined

margins another, and two intermediate veins the
other two
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TABLES II, III
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TABLE 11.—.SUMMARY OF THE VEGETATIVE CHARACTERS OF THOSE

LEAF-BLADES
i
Dura- | | Arrange-
Name of grass Habitat tE" " i Height | Habit Hair ment
ron ' 1 in bud
Crested Hair Grass limestone ;dry | P B tuf t hairy F/R
soil near sea ‘
Heath Grass heaths and P B { tuft ; hairy F
barren land i scmi-
{ pr0°lr e
Downy Oat-Grass ])ry pasturc P 7 B | luft hairy F
on chalk
Perennial Oat-Grass | widely distri- I; LT | tuft usually F
buted ; not ‘ | glabrous
common | i
— e — S S — e —— _.,.A__J PR S U —
Perennial Ryegrass good land slnw:'t i B tuft qlabrous F
P \ i
Dogstail ‘ variety of soils; | short | B tuft glahrous | I'/R
1 drydowns, etc. P ; !
Cocksfoot (Orchdrd ‘ a]]medlum an;l P | T tuft glabmus‘ F
Grass) l good soils : I J
Smooth-stalked f variablc; l; . L OBIT ‘ 1hx70mc~ f L;l.xl,rnus F
Meadow-Grass stands heat, i X
cold, and [
drought i
Rough-stalked J moist ground ; P | B stolons | glabrous F
Meadow-Grass water not { and tufts
stagnant ‘
Wood Meadow- : shady places p B mfl glabrous F
Grass | |
] i _ B N N
Annual Meadow- ! everywhere A B tuft i glabrous F
Grass i I
Canada Bluc Grass dry situations P B | rhizumcs plabrous F
Floating Sweet ditches and P B? | stolon/ | glabrous LT
Grass shallow fresh rhizomes
water |
Reed Sweet Grass shallow frcsh P T ! stolons/ | glabrous | F
water i ! rhizomes |
Yorkshire Fog all soils, moist ; P B/T [ stools or | dense R
preferred . short hair
stolons
Creeping Soft Grass | shade P B/T | stolons! | hairy R
rhizomes
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GRASSES COMMON IN TEMPERATE REGIONS WHICH HAVE ALL THE

EXPANDED
Sheath
—— N Auticles Ligule Notes
Colour,etc.:  Split
hairy split none absent or ribs of blade prominent; motor |1
much reduced | tissue at mid-rib
hairy split none a tuft of hair | the only grass with leaves folded and | 2
ligule a tuft of hair ; roots stringy
hair i split none long and median lines on either side of mid- |3
in rows | pointed rib
— split none basal short ; blade has outline like smooth- 4
culm long stalked meadow-grass ; blades
| ' tend to fold up
———, — _ — |
red doubtful | small, short i blades dark green ; upper surface |3
clasping ! dull, lower shining
yellow l split none short blades dull on upper surface ; shin- | 6
ing on lower
— entire ; none prominent ! large, broad-bladed tuft.  Shows |7
keeled « much burn
SN S AR
— i entire none short and . blades with parallel edges ; apex |8
l blunt shouldered to form blunt tip
—_ entire ; none short ; top of | blade edges not parallel 5 apex 9
keeled culm long i not shouldered
|
- Lo
— split none short or ‘ the bud suggests rolled ; blade 10
absent . long, narrow, ribless ; a variable
| grass
— ? none distinct ; blades often * puckered ” : apex 11
keeled blunt
— ? none short, blunt folding in bud cxtreme ; shoot 12
flattened
striated entire none distinct two triangular patches where sheath [ 13
meets blade ; sheath of spongy
texture
netted entire none short triangular patches and spongy 14
texture of sheath as above
red lines | split none distinct foliage sap green and grey ; softly | 15
hairy to touch
red lines | split none distinct extra vaginal tillers ; definite stolons | 16
or rhizomes NoT stooling
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TABLE II

Dura- Arrange-
Name of grass Habitat tion Height | Habit Hair ment
o in bud
Heath False heaths P B slight hairy R
Brome stolon
Wood False shade r B tuft hairy R
Brome
Purpie Molinia wet moor - _P B tuft hairy R
Golden Oat-Grass dry p T tuft hairy R
Wall Barley-Grass dry roadsides A B tuft hairy R
Meadow Barley- stiff clays, etc. P B tuft hair R
Grass on lower
sheaths
Couch-Grass almost every- r 1 rhizomes | hairy R
where
Bearded Wheat- widely distri- | P T |wk | bairy R
Grass buted in
shade ; not
common
Sweet Vernal wide range ; P B tuft hairy R
Grass best on good
soil
Soft Brome ubiquitous A B tuft hairy R
weed
Wood Brome shade B/P B tuft hairy R
Field Brome poor soils A/B B tuft hairy R
Sterile Brome waste land A/B B tuft hairy R
and woods
Bent Grass poor pasture P B/T" | stolons/ ! glabrous R
rhizomes
Meadow Foxtail moistmeadows| P T loose glabrous R
tuft ; |
stoofs |
Slender Foxtail stiff soils P B stolons | glabrous R
Floating Foxtail semi-aquatic P B diffuse | glabrous R
tuft
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Continued

Sheath
—— Auricles Ligule Notes
Colour, etc.|  Split
hairy split none fringed with blades erect and tend to rol! up ;
hair plant forms circular patches
hairy split none prominent ; blades drooping ; pale sap green ;
blunt tapering to base and apex
smooth ; | split none absent, or a lowest internodc swollen ; blade
no keel tuft of hair tapers to base and apex ; cord roots
silky hairs| split none blunt blades thin, dry, pale green ; silky
hair both surfaces
— split large and | short and blade thin ; both surfaces hairy
overlap- | blunt
ping
lowers split small short blades hairy on upper surface; gla-
hairy brous and glossy on lower
no keel ; | split small, short and hairyness variable ; usually most on | 2
hairy pointed pointed upper surface of blade and lower
sheaths
— split small, short, blunt
pointed
sparsc. split blade blunt and thin| a sweet-scented grass ; blades short,
hair forms light green, with low, flat ribs on
ledges upper surface
—_— entire none short, ragged
The brome grasses are widely dis-
— entire none short, ragged || tributed ; there are many kinds,
‘none easily recognized in vegeta-
— entire none short, ragged ||tive condition; these here are
- — examples
- split none short, blunt
— split/ none variable a group of many variable forms ;
entire blades always ribbed
purple, split none blunt ; foliage dark green ; blade broadest
turning variable near base ; ribs low, flat topped
chocolate length
rough split none — ribs acute, not flat topped
— split none long tillers kneed at practically every
. node
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a b

Fi1c. 52—Stipules
(a) crimson clover (b) red clover (c) alsike clover

The plants are of somewhat similar habit ; their stipules provide
a simple means of identification

is sometimes applied to one particular member, which is also,
and more conveniently, called crimson clover.

The individual leaflets of clovers may be practically sessile
on the top of the leaf-stalk or petiole or each may be carried on
a short leaflet stalk. The leaflet stalks may be not all of the same
length. The base of the petiole where it joins the stem is expanded
into little wing-like side-pieces. These paired structures, one
borne on either side of the petiole, are called stipules. The stipules
differ in size or shape in different legumes, and provide features
for identification.

Tillering in Clovers
The biennials by production of short branches from a very short
main axis may form rosette plants in the first year. In the second
summer, as flowering approaches, these branches lengthen and the
plants are said to shoot. Just as in the grasses, the term tiller
may be applied to the shoots and tillering to the process.

Some legumes form stolons, and at least one produces rhizomes.

b @
v v V

Fic, 53
Leaves and stipules of (a) lucerne (b) black medick (c) sweet clover
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Fic. 54

Complete leaves of (a) black medick, () bird’s-foot trefoil, (¢) bird’s-foot (seradella)

Features of the Leaflet

The shape or outline, the margin, base, and apex, etc., of the
individual leaflets often provide features for identification. One
very useful character is the tip of the leaflet. In clovers this
may be pomnted, rounded off, or indented, but a short pointed
structure never arises in the base of an indent. This mucronate
point is never seen in the clovers, but is invariably present on the
leaflets of their two trifoliate relatives, the medicks and sweet
clovers (melilots).

Legumes often Confused

The medicks include yellow trefoil or black medick, a semi-
prostrate annual, and lucerne or alfalfa, a perennial which forms
astool. The sweet clovers are also trifoliate, and like the medick
have a mucronate point. The annual forms of melilot are unlike
the annual medicks vegetatively in that they grow erect. The
longer-lived melilots are not to be confused with lucerne, for they
do not form stools.

Trefoil, Bird’s-foot Trefoil, and Bird’s-foot

Plants sometimes confused with black medick because of a
similarity in naming are the bird’s-foot trefoils. This confusion is
worse confounded by the fact that still another and quite different
plant, seradella, is sometimes called bird’s-foot. The three plants
are clearly differentiated vegetatively. Yellow trefoil or black
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medick or non-such, as it is variously named, has trifoliate leaves.
Bird’s-foot trefoil has five leaflets per leaf. Bird’s-foot has more
than five leaflets, usually some seventeen or ninecteen. They are
arranged in pairs up the mid-rib with an odd one terminal in
the same manner as the barbs of a feather, and the leaf as a
whole is said to be pinnate. The vegetative features used to
differentiate these three plants may be summarized in tabular
form :

yellow trefoil—leaf trifoliate

bird’s-foot trefoil—leaves pinnate of five leaflets

bird’s-foot—leaf pinnate, of many more than five leaflets

Bird’s-foot Trefoil

Returning to consideration of bird’s-foot trefoil, the leaf has two
pairs of leaflets plus a terminal one. The two lowest leaflets
are situated close to the stem, while the remaining three are distal,
and a comparatively long cxtent of bare mid-rib intervenes
between the basal pair and the distal trio. The basal pair might
be mistaken for stipules, but they are of characteristic leaf structure.
The true stipules in this plant are minute and difficult to see.

There are a number of bird’s-foot trefoils, only two of which
are commonly sown. Marsh or greater bird’s-foot trefoil is found
usually where moisture is plentiful, and is a bigger plant with
stems longer and more trailing. The other occurs on drier,
poorer land, and the stems are shorter and more erect.

Kidney Vetch

Kidney vetch, another legume sometimes sown, often shows two
types of leaf. The leaves produced in the early part of the plant’s
life are simple, but the fully adult leaves are compound of three
to four pairs of leaflets plus a terminal one. The terminal is
often larger than the paired members. In the adult ground-leaves
the leaflet pairs are close together on the mid-rib, while those of
the cauline leaves are spread quite widely apart.

Sainfoin
Sainfoin, which is often grown as a forage plant, has compound
pinnate leaves. Two varieties are grown : a short-lived type
known as French or giant and a perennial known as old common.
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The leaves in both varieties are stalked and have five to seven
pairs of leaflets plus the terminal. No vegetative character
separates the two.

Seradella

Seradella is a slender spreading annual sometimes used as a
green manure on sandy, dry soils. The one grown is hairy and the
stems are spreading or trailing. There are five to ten pairs of
leaflets plus a terminal in each pinnate leaf.

Lupins

Lupins have compound leaves but the leaflets are not arranged
in pairs on a mid-rib as in the previous examples. All the leaflets
are in a group at the top of the leaf stalk. Because of the leat’s
likeness to the fingers of an open hand the lcaf'is said to be digitate.

When flowers and fruits are present it is possible to dis-
criminate easily between these legumes, but it is also possible
to do so with some degree of accuracy by purely vegetative means.
Table IV (pp. 138-141) provides in summary form details of the
more significant characters.

Anatomical detail in identification

All the methods outlined so far have dealt with morphological
features but details of anatomy can also be used for identification.
The disposition of tissues and the elements which go to form them
all show small differences which are constant as betwecen one
kind of plant and another.

This kind of work is highly specialized, and no more than
an outline may be presented here. For example, if small pieces
of grass leaf are submitted for identification, the bristle-bladed
grasses as a group are soon recognized. If a transverse section
is made, then the differences in type of bristle at once give a
clue to the identity of the specimen.

With grasses whose blades are expanded, it is advisable to
select a typical fragment and at once make a transverse section.
When this is examined, the presence of ridges and furrows, hairs
on the surfaces, the disposition of sclerenchyma, all give clues
to the identity of the specimen. In many grass leaves the
strengthening tissue is in shape like a girder, and in transverse
section is seen as I with perhaps a vein cut across in the waist.
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TABLE IV.—SUMMARY OF FEATURES USEFUL IN THE

(A = Annual; B =

NAME

PLANT

Lire Span AnND HabiT

LEAF

ALL ApuLt LEaves or THREE

Crimson Clover or
* Trifolium ”

A. Neither stool-forming nor
creeping

|

i canline leaves short petiole

stipules broad and blunt ;
ground leaves long petiole ;

Red Clover A orshort P. Rosette in stipules  broad with sharp
winter, erect tillers in summer | point ; petiole short, especi-
ally on cauline leaves
Zigzag Clover, Cow- P. Creeps by rhizomes stipule narrower than red;
grass %sec Notes) petioles like red

Berseem, or Egyptian
Clover

A. Neither stool-forming nor
creeping

Alsyke, Alsike, or

P. Rosette in winter, tillers

stipules long and pointed ;
petioles like red

stipules long, narrow, with

Swedish Clover erect in summer prolonged pointed apex ;
petiole long
White Clover P. Main axis short; many | stipulessmall, sharp-pointed ;

stoloniferous branches, which
root freely

petioles from stolons long
and erect

Strawberry Clover

P. Main axis short; axillary
stolons rooting sparsely

stipules long, pointed, encir-
cling stolon ; petioles long
and erect

Subterranean Clover,
““Sub ” Clover

A. Stems long, trailing, pros-
trate, hairy

stipules long-pointed, stand
away from stem; petioles
long, erect, hairy

Suckling Clover

A. In short sward stems pros-
trate, erect in long herbage

. short

stipules small, sharply point-
ed, margins entire ; petioles

Black Medick, Nonsuch
Yellow Trefoil

A/B Ditto

| stipules large, broad, sharply

pointed, toothed margins ;
petioles long at ground, short
on cauline leaves




IDENTIFICATION OF SOME COMMON LEGUMES

Biennial ; P = Perennial)

LEAFLETS

Frower HeADp AND
PeraL CorLour

NOTES

LeArPLETS—TRIFOLIATE

sessile, broadly heart-shaped ;
margins entire, fringed hair ;
hair on surfaces

conc-shaped spike ; ter-
minal on tiller

a hay type plant, whits flower-
ed varieties known

oval or elliptical on short
stalks, all equal ; margins
entire ; glabrous/hairy with
white crescentic mark on each

globular on short stalk ;
pink, red, purple

variable as to habit; never |

creeping ; classed according !

to flowering into wilds, earlies,
lates

narrowly elliptical, pointed

same as red clover;

“ cowgrass ”’ of seed trade is a

margins, glabrous, sessile

regularly elliptical, glabrous,
with no crescentic mark ;
each sessile with toothed
margin

heart-shaped with notched
apices ; sessile or stalks very
short ; margin toothed, hair-
less ; crescentic white mark
on each

apices ; otherwise same as | pink red clover ; this plant is a wild
red clover weed
narrowly elliptical, entire | egg-shaped ; cream there are three varieties

flat ; white or cream,
tinged pink

the whole plant is devoid of
hair

flat, on a stalk longer
than petiole ; white or
cream

3 main forms available—wild,
Dutch or commercial, and
giant (e.g. I.adino)

broadly elliptical on short
stalks ; glabrous with toothed
margins ; faint crescentic
mark

globular on long stalk ;
pink

resembles white, but stipules
and flower head differ, less
roots on stolons

broadly heart-shaped, sessile,
hairy ; margins entire

3 to 4 flowers terminal
on axillary branch ;
yellow, brown-purple
veins

flower heads held up to light,
later bend down to place
fruits in soil

longer than broad, broadest
near apices ; stalk of terminal
longest ; margins toothed
shoulder to apices ; few hairs
on lower surface

nearly globular on short
stalks ; yellow

almost identical with suckling
but mucronate point at apices

same as suckling clover

this includes a number of
forms  distinguished  from
medick by absence of muc-
ronate points, etc.

very like suckling ; differs in
leaflet, stipules, and fruit
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TABLE 1V

PLANT

Livre SpaN AnD Hagrr

LEAF

Lucerne or Alfalfa

P.  Stooling :
stout tap-root

stems crect ;

stipules broad at base, shar
pointed apex, toothed margin;
petioles short

Sweet Clover, Melilot,
Bokhara Clover, etc.

A/B.  Small
stems tall

crown erect ;

stipules small, narrow ; mar-
gin entire ; petioles short

ALL ApuLT LEAVES OF MORE

Bird’s-foot Trefoil

P. Prostrate in open, erect
when crowded

stipules very small ; leaves

sessile

Kidney Vetch

P. Rosette in winter ; erect
tillers in summer

stipules small and pointed ;
petioles very short

Seradella or Bird’s-foot

A. Weak trailing stems from
small crown

stipules very small ; petioles
very short

Sainfoin

B/P. Forms broad crown;
stems erect, 1-2 feet

stipules broad at base, taper-
ing to a point ; petiole long
and hairy

Vetches or Tares

A. No crown ; many straggl-
ing stems from much-branched
primary

stipules small, pointed, with
dark purple blotch

Field Bean, Horse Bean,
Tick Bean

A. Few, erect, hollow stems,
winged at angles

stipules small, wing - like,
toothed ; petiole short; mid-
rib channeled

| Field Pea, Partridée
Pea, Maple Pea

A. One or few straggling
hollow stems, waxy bloom

stipules large, spreading
coloured purple where they
meet stem

Annual Lupin

A. Few not quite erect stems
from crown on stout tap-root

stipules small, broadest at
base, pointed ; petioles long,
stout
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continued

P

LEAFLETS

FrLower HEeAD AND
PrraL Corour

larger than vyellow trefoil,
otherwise very similar

rlhpural teeth all round
margin, otherwise similar to
above

simple raceme ; blue

NOTES

a related form with yellow
flowers ; intercrosses to give
valuable though sterile hybrids

erect raceme ;  white,

cream or yellow

THAN THREE LFATLETS

smell due to coumarin

5 ; upper 3 broad near apices,
narrow at base; lower 2
broadest near base ; stalks
short ; margins entire ; short
hairs

5;  flowers short

stalk ; yellow

on

\'mallle ; always lonqu than
broad on short stalks ; each
entire with soft hair

flat hmds in pairs, cach
on short stalk

simulates a trifoliate leaf with
pair large stipules; flower
bnds crimson prior to opening

a single plant shows variety of
leaves from simple entire to
4 pairs leaflets plus terminal

as a rule ycllow flowered |
forms are annuals, white- |
flowered biennial ;  sweet

5-10 pairs and terminal;
cach small, oval, often hairy
on short stalk

2-3 flowers on short
axillary branch ; white
or pink

useful as a green manure on
dry sandy soil

5-7 pairs plus terminal ; cach
narrowly elliptical on short
stalk ; margin entire

6-7 pairs (terminal forms
tendrils} ; ecach elliptical with
mucronate pomt

raceme ; pink, red to
purple

two variceties culiivated —com-
mon or Lnglish, and Giant or
French

single flowers or pairs
on short stalks; red-
purple

“ winter ' vetches are hardier
than *‘ spring ” variety

1-4 pairs plus small tendril-
like terminal ; elliptical, hair-
less ; margins entire

racemes white with
black patch on wing

petal

2-6 flowers on axillary,

winter beans, hardy and slower
growing ; spring beans not
hardy, quick growing; no
other diflerence

V

2-3 pairs (elliptical) proximal
and 2-3 pairs as tendrils
distal from stem, plus tendril
terminal

1-2 flowers terminal on
short axillary branch,
purple ; wing petals
darker

procumbent, unless supported ;
often grown with oats for soil-
ing and silage

5 long narrow arise 1n whorl
at top of petiole; small in
blue lupin, large in white,
inter. in yellow

many - flowered,
raceme blue, whltc or
yellow, depending on
variety

lon;

feed with care, bitter alkaloid
present ; ‘sweet”  non -
poisonous varieties being bred
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PLATE 37 THE GRASS LEAF BLADE

T.8. Centre of blade of Cocksfoot

Note the motor-tissue on upper surface above the mid-rib ; the large
mass of sclerenchyma below

T.S. Leaf blade of Tufted Hair Grass to show ridges and furrows



PLATE 38 THE GRASS LEAF BLADE

Bristle blade of Wavy Hair Grass

These three grasses show a progression in the evolution of the bristle blade. Note
the motor-tissue in Moor-Mat ; the bristle of wavy hair is permanent and cannot
expand
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Cuaprter VII

THE FLOWER : ITS SEVERAL PARTS, THEIR
NATURE AND ARRANGEMENT

ALL the parts of the plant so far studied here have been those
involved in functions other than reproduction. During the life
of any individual plant a period of time is spent in this asexual,
vegetative condition. The organism, while in this condition, is
said to remain in the vegetative phase. Sooner or later, depend-
ing on the nature of the plant and the conditions under which
it lives, organs connected with reproduction are formed and the
plant enters the reproductive phase.

The parts involved in reproduction should be regarded as
further modifications of form for special function. The leaf is
the organ chiefly affected. Leaves considerably changed in appear-
ance and structure arc grouped in special ways to constitute what
is called a flower.

SexvaL ReprobpucTION

Biologically the whole significance of the flower derives from its
primary functions which are first to produce, and later to facilitate
the meeting of two highly specialized cells, the sex-cells or gametes.
The meeting and subsequent fusion of these two cells results in
a completely new individual. The immediate result of sex-cell
fusion is one cell, the zygote, which in its turn by somatic cell-
division gives rise to all the cells of the body of the new individual.
The sex-cells are a product of one generation ; the result of their
meeting and fusion is a new generation. The sex-cells are the
connecting link or bridge between one generation and the next.

The Benefits derived from Sexual Reproduction

This process of transference of life from the old to the new genera-
tion is full of hazards and difficulties, but it is necessary, for not
only does it lead to increase in numbers and perpetuation of the
kind, but by it variations are produced which are subjected to
selection. Progressive evolution thus becomes possible. In addi-
tion to these primary benefits, many of the ills that plant life is
subject to are not transmitted through the sex-cells, and the
effects of senility also are cast off by sexual reproduction. Re-
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THE FLOWER

juvenescence and health are regained for the new generation.
All these points should be borne in mind, as they provide a back-
ground of * reason *’ for the complications of the processes whereby
the end is achieved.

The Inflorescence

Given that the conditions obtaining both inside the plant and in
the environment induce flowering, it is found that the blossoms
produced are located in a more of less specialized region called the
inflorescence. The inflorescence takes many forms. Each flower
may be solitary on a long stalk as in the tulip, or a number
may be produced close together on an extended axis as in wheat,
or crowded together on a flattened short axis as in the sunflower.

The axis of the inflorescence may be variously branched. In
short, the inflorescence is a part of the. shoot system bearing
spec:ally modified leaves which form in groups. Each group is
a flower. The flowers in the inflorescence are arranged and
grouped in characteristic ways.

The characteristics of the flowering region or inflorescence
vary from one kind of plant to another. The differences are of
peculiar interest to the academic botanist. Some of them indicate
a rather primitive degree of development in the cvolution of these
features, others show a high degree of organization. All the
evolutionary trends are towards improving the chances of the
two sex-cells meeting, or increasing the protection of the off-
spring, or facilitating the dissemination of the seeds. Economy
in the use of material, along with the attainment of a higher
degree of efficiency, has governed the processes of evolution in
the inflorescence.

THE FLOWER

The individual flower, typically, has four well-defined kinds of
parts. These are sepals, petals, stamens, and carpels. Each
individual of each kind is formed from one modified leaf, and
each kind has a peculiar function to perform. When the function
performed by a part has been taken over by development else-
where, then that part may be omitted from the flower. Again,
any one of the parts may have developed a secondary function
in place of, or along with, the primary function, and in virtue
of this is modified still further as to structure. Examples of one
or other of these standard parts being dropped out altogether
will be offered later.
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Fic. 55

Types of Inflorescence

(a) Flower solitary ; (b) flowers sessile on unbranched axis, a spike; (¢) flowers

stalked on an unbranched axis, raceme ; (d) flowers stalked on a contracted

axis, a simple umbel ; (¢) flowers stalked on a series of contracted axes, a com-

pound umbel ; (/) flowers sessile on a contracted axis, a composite head or

capitulum ; (g) the axis terminates in a stalked flower and branches arise in
the axil of two bracts, a cyme ; (h) composite heads borne on branches
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COLOUR PLATE IX ANATOMY OF ROOT CROPS

T.S. of carrot or parsnip (lignified tissue stained red)

In a good quality specimen the central core of xylem
should be narrow and the cortex wide

T.S. of sugar beet, mangold or garden beet (lignified tissue
stained red)

The product of five cambiums is clearly seen. The

activity of the most recent (sixth) cambium is seen near

the surface. The phloem appears white. The inter-ring
parenchyma is also shown
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THE FLOWER

Flower Morphology : Reference Points and Lines

Just as in other studies of form, it is necessary in floral morphology
to define first the * landmarks > or points and lines of reference
to be used.

The flowers may be regular ; that is to say, all the individuals
of each kind of part in the flower are the same size and shape.
Or the flower may be irregular, when any kind of part, say the"
petals, will show members differing in size and in shape.

Irrespective of these differences there will be in the flower
a ‘“ geographical ” centre where the “ seed-box ” or ovary is
placed. A serics of concentric circles may be imagined as circum-
scribing this centre. The members of a kind of leaf, say sepals
or petals, will be seen to lic on one of these circles. Floral parts
are borne on a small axis called the torus. By reference to such
imaginary circles the relative position close to, or away from,
the centre may be defined for any individual part. When the
number of leaves of a particular kind is large, they may be arranged
on the torus in a tight ascending spiral. An cxample of this is
seen in the stamens of a buttercup.

Another guide line is seen when the main axis of the infleres-
cence or its branch (when the axis is branched) is held up in such
a way that an imaginary line passes from the observer’s eye
through the centre of the flower to the centre of the axis. This
line bisecting the flower is called the anterior-posterior line. The
posterior aspect of the flower is that next to the * post > or axis,
while the anterior aspect is that towards the observer’s eye. A
line running through the centre of the flower at right angles to

Fic. 56

The line from the eye to the axis
in the drawing passcs from the
anterior to the posterior aspect
of the flower (anterior/posterior
__________ line). Looking at the centre of the
flower in the drawing the reader
sees a side view and if the line of
sight were produced through the
flower it would travel through the
lateral line

i
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the anterior-posterior line and forming with it a St. George’s cross
(+) is the lateral line. These two lines may be regarded as
four radii from the centre, cach separated from the other by a
right angle. When the flower is stalked and pendulous it should
be turned into the upright position. The posterior aspect is that
which morphologically makes the angle with the stem.

Bracts and Bracteoles

The individual flower arises in the axil of a comparatively un-
modified leaf. This leaf may be suppressed, but its position must
come at the base of the anterior aspect of the flower. A leaf
which subtends a flower is known as a bract. One, sometimes
two, similar leaves may arise on the actual flower-stalk, and these
are termed bracteoles.

THE PaArTs OF A FLOWER

The Sepals

By reference to the circles and lines defined above, the position
of any leaf in the flower may be located. Thus, in the flower of
a cabbage, a kale, a wallflower, or any of their allies, four leaves

Fic. 57
Progressive steps in the dissection of a flower of the wallflower, turnip, shepherd’s-
purse family
(a) The intact flower () Sepals removed .
(¢) Petals removed (d) Stamens removed, and gynaceum exposed
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(the sepals) are on the outermost circle. One of these is anterior,
one posterior, and one on either side—that is, lateral. There
are four regular sepals practically in one whorl. These leaves are

referred to collectively as the calyx, and their function is to protect
the flower.

The Petals

If the calyx of sepal leaves is pulled off, the insertion of four more
leaves, thc petals, is exposed. These are on a circle just inside
that occupied by the sepals, and therefore lie nearer the centre.
No petal, however, lies on the anterior-posterior line or on the
lateral line, but all are on radii which alternate with those the
sepals lie on. These four regular petals are said to be arranged
in one whorl alternate with the sepals. The name applied to
the petals as a group is the corolla.

The Stamens

Pulling off the petals exposes parts of a different form, the stamens.
There are six of thesc : a pair of longer ones on the anterior
position, a similar pair on the posterior position, and one short
one on each of the two lateral radii. Thus the stamens lie on
a circle within that of the petals, and on the samc radii as the
sepals. The stamens alternate with the petals. The stamens,
being regarded as the male part of the flower, are known
collectively as the andrecium. Close examination of the insertion of
the stamens may show that the two lateral members are inserted
on a circle rather more remote from the centre than the one on
which the anterior-posterior stamens are inserted, but this is
a small point.

At the base of the two lateral stamens lie two green fleshy
masses. These are organs for the production of nectar, and are
called nectaries. Ncctar, along with the colour of the petals, is
known to attract insects to the flowers.

The Ovary

Removal of the stamens exposes a structure which occupies the

central position, and which appears to be made up of one part

only. The distal end, however, is bifurcate, suggesting a dual

character. This suggestion is confirmed when the main body is
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Fic. 58

The dissected flower parts laid out on a plane in the

spatial relationships they occupied in the intact flower.

Note that each set of leaves forms a cross. Plants with
flowers of this type are crucifers

cut across (T.S.) at about its mid-point, and it is found to be
hollow with two double rows of little stalked bodies attached
inside. The number of double rows of such stalked bodies
indicates that a number of leaves, in this case two, have
grown together to form the composite structure. These leaves
are called carpels, and because they are regarded as the female
part are called collectively the gyneceum. In wallflower, kale,
turnip, and their relatives the gynaceum is of two carpels grown
together.

The gynzceum in all flowers comprises three regions. The
top for the reception of pollen is the stigma, the column below it
is the style, while the whole hollow ““ box ” is the ovary. The
little stalked bodies inside the ovary were at one time regarded
as being eggs, and hence they are called ovules.

Sepals, petals, stamens, and carpels can each be regarded as
leaves modified for special purposes, not so much modified in the
sepal and petal, but considerably modified in the stamen and
carpel.
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Floral diagram of Fig. 58, showing the standard symbols
used. @ represents the axis of inflorescence

THE FrLoraL DiaGrRAM AND VERTICAL SECTION

A representation of the spatial relationship of these parts on
a plane surface similar to a map is now possible. This is called
the floral diagram. A map of a parish or of a country on a plane
surface does not give the rise and fall of the land, and a contour
map or section is required. A fleral diagram must be supple-
mented with a representation of the parts as seen in a median
vertical section ; that is, a vertical section in the plane of the
anterior-posterior line. In such a section of a wallflower the
gynzceum appears inserted on the top of a small club, or knob-
shaped ending of the flower stalk, the torus. The stamens, petals,
and sepals are inserted about it in descending order.

Hypogyny

The ovary in this case, because it is inserted on the torus above
all the other parts, is said to be superior in its insertion, or simply
a superior ovary. Conversely, the flower parts being placed below
the insertion of the gynzceum are said to be hypogynous, and the
condition is known as hypogyny.
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Fic. 60

Left  Hypogyny (in buttercup). The many free carpels are inserted on the
knob-like torus above the insertion of the stamens, etc.

Right Perigyny (in geum). The torus is saucer-like and the stamens are inserted
at a level round about the inscrtion of the many free carpels

Perigyny

In some flowers—for example, that of geum or prunus—the torus
has modified and extends out into a saucer-like form. The sepals,
petals, and stamens are carried on to the lip of the saucer, with
the gynzceum remaining inserted centrally in the bottom. In
this way, to some extent, thc ovary is better protected. The
ovary is still described as superior, but as the other parts are
now nearly at the same level, and disposed round and about the
gyneceum, the flower is said to be perigynous, and this is the
condition of perigyny.

Epigyny

The apple is related to the strawberry, but in it the process of
toral modification has gone further, and has developed so far
that it is now not saucer-shaped but cup-shaped. The ovary is
inserted at the bottom of the cup and well protected by occlusion
within the hollow torus. The sepals, petals, and stamens are
inserted on the lip of the cup at a level above the ovary. An
ovary sunk in a torus-cup with the sepals, petals, and stamens
inserted above it is said to be inferior ; the parts being above
the gynzceum, the condition is one of epigyny.

A series of flowers from different kinds of plants might be
assembled to show a gradual progression from extreme hypogyny
to extreme epigyny, and so represent a progressive evolution
towards better protection of the ovary with its contained ovules.
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I'ic. 61

(a) Perigyny in prunus; (b) perigyny in rose, carpels free in torus cup ;
(c) epigyny in apple, carpels and torus adherent

IRREGULAR I'L.OWERS

The flower of a pea or bean or one of their relatives will show
a partially irregular flower. There are five small regular sepals
in the outermost whorl, and five petals in the next whorl. Of
these the one in the posterior position is easily the largest, the
two lateral petals are small, while two still smaller are grown
together at their margins to form a keel-shaped structure. The
stamens of the pea family are partially grown together, due to
their stalks adhering while their heads remain free. Depending
on which member of the family is chosen, there will be nine
stamens grown together and one quite free, or all ten may be
grown together.
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Fi1c. 62

The flower of the pea

The ovary of this flower encloses only one double line of ovules.
From this it may be deduced that this gyneceum has developed
from one carpel grown together at its margins.

Di1rrFereNT KINDS OF OVARY

The ovary of the higher flowering plants, no matter how many
carpels may be involved, is always a closed hollow box with no
openings to the exterior. It may be made from one, or more
than one, carpel.

Some flowers show more than one carpel, and these remain
free from their neighbours. They do not grow together into one
structure as do thc two carpels of wallflower, but each forms a
separate ovary by uniting at iis two margins in the same way
as the single carpel of the pea does. This condition is seen in
the gynzceum of buttercup where there are as many separate
ovaries as there are carpels, all free on a knob-like torus. When
a gynzceum is composed of more than one carpel all free, it is
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COLOUR PLATE XI
T.8. OF LEAF-BLADE OF MARRAM GRASS

This blade shows extreme ridging of the upper surface.
Motor tissue is located at the bottom of the furrows and
stomata on the sides of the ridges. In dry air the cells of
the motor tissue shrink and the blade forms a tube with
the stomata inside. This aids control of transpiration.
The blue-stained areas mark where the chlorophyll-
containing cells lie. The pink-stained arca 15 composed
of cells more or less sclerenchymatous in character.
There is a vascular bundle in each ridge
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COI.OUR PLATE XII

FLOWER STRUCTURLE

Upper : ‘T'ransverse scction of a flower bud of monocoty-
ledonous type cut at the level of the anthers. Axis of
inflorescence towards top of page
On the outside there are three sepals ; inside these and on
alternate radii therc are three petals. ‘There are six
stamens, three outer ones on the samec radii as the sepals
and three inner ones on the same radii as the petals.
Centrally lies the gynaeceum. In cach anther there are
four lobes or sporangia, each filled with ycllow pollen.
No ovules appear in the gynaecceum, as the cut was made
in the region of the style above the level of the ovary

Tower : A single anther under higher magnification
Centrally the pink-stained stalk or filament is scen. 'I'o
right and left there are two sporangia each full of yellow
pollen. Between the members of cach pair of sporangia
is seen a more deeply stained line of wecakness—the
dehiscence line. FEach sporangium is lined with dis-
integrating cells which form a layer-—the nutritive layer
—supplying food to the developing pollen.  Outside this
is a layer of cubical cclls—the mechanical layer. Exter-
nally the epidermis is scen.  The mechanical layer when
fully developed and dry will contract powerfully, tearing
the anthcr apart at the dchiscence lines and so setting

free the pollen
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Fic. 63
Apocarpus gynzcia

(a) Pea (one carpel) ; (b) columbine (five carpels) ; (¢) buttercup (many carpels)

said to be apocarpous ; when it is formed of a number of united
carpels it is said to be syncarpous.

THE FroraL FormuLa

The floral diagram and median vertical section of a flower
together provide much information regarding it. The greater
part of the data may be summarized in the floral formula. This

Fic. 64

Syncarpous gynacia

(a) Willow-herb (four carpels) ; (4) blue poppy (four or five carpels) ;
(¢) common poppy (many carpels)
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is a.short statement consisting of symbols and numbers. The
symbols in common use are: W = regular, \/ = irregular;
Ca = calyx of sepal leaves; Co = corolla of pctal leaves ;
And = andreecium of stamen leaves; and Gn = gynaceum
of carpel leaves. Numbers are used to indicate how many leaves
are in each whorl. Brackets () round any number shows that
the individual leaves so enclosed are grown together. Finally,
a horizontal line placed above or below the number of carpels
shows the level at which the other flower parts are inserted. A
line below the carpels indicates a superior ovary, while the linc
above indicates the inferior condition. The floral formula of wall-
flower thus becomes W Ca4 Co4 And6 Gn(2), while that of pea
is WCag Co(2) + 3 And(9) 4+ 1 Gn1. The data shown in the
formula are constant for the flowers of any particular kind of

plant, but will vary in any or every feature as between different
species.

Abnormal Flowers

Aberrations may be found in the flowers in a particular kind,
more especially those which have been subjeccted to intense
cultivation. For example, the wild rose, typically, has five petals,
but varieties with many petals and few or no stamens (double
flowers) are well known to gardeners.

Flowers of plants belonging to the class dicotyledon typically
have the flower parts in fours or fives or multiples of these numbers,
while monocotyledons have the flower parts always in threes or
multiples of three.

Tae FuncTioN oF THE DIFFERENT FLOWER PARTS

The sepals and petals (collectively the periantk), though often
showing features of considerable interest and importance in
classification, may be dismissed at this point with little further
attention. The leaves of prime importance are the stamens and
carpels. These are the so-called sexual organs. This appellation
is true only in so far as the gametes or sex cells which fuse in the
sexual act are formed deep within them.

In plants a gamete is always contained within a spore. In
the flowering plants the spores are produced and nurtured within
completely enclosed structures. A closed sac or box containing
spores is called a sporangium.
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Fic. 65
Left The nearly ripe

stamen showing stalk
and anther

Right The same after
a longitudinal split has
torn open the lobes of
the anther and exposed
the pollen (dehiscence)

The Stamen

The stamen consists of two parts: the stalk or filament and a
head or anther. The anther is a four-lobed structure, each lobe
being hollow. Within cach of the anther lobes many small
spores, the pollen grains, arc produced. The anther then com-
prises four sporangia. These sporangia ultimately burst to allow
the spores to escape and complete their function.

The Gyneceum and its Parts

The gynzceum, whether of many carpels or of one carpel leaf,
comprises three regions : stigma, style, and ovary. The ovary
contains one or more ovules, and each ovule contains one large
spore, which remains in situ to complete its function. The ovule
is a sporangium.

Summary of Terminology

Two terminologies exist for the two kinds of gametes and the
parts which produce them. The older terminology is somewhat
complex but probably more familiar. The new terminology is
standardized to show the relationship involved, and is therefore
an aid to clear thinking. The prefix  micro ” indicates the small
“male ” gamectes or the parts connected with them, while the
prefix “mega” serves for the large * female ” gamete and its
associated parts.
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PLATE 39 THE GYNAZACEUM

L.S. of an ovary containing one ovule

The ovary wall encloses the cavity containing the single erect ovule,
which is borne on a very short stalk. The outer integument stands out
from the inner integument, which is pressed against the body of the
ovule. The upper tip of the inner integument is rather fleshy and forms
the micropyle

The embryo-sac lies centrally, immersed in the nucellus. Inside the
embryo-sac proximal to the micropyle the fertilized macrogamete is
to be seen



PLATE 40 POLLEN GRAIN AND EMBRYO-SAC
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1mmature embryo-sac—four-nuclear Maturc embryo-sac ready for fertilizatior
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The two terminologies are tabulated side by side :

microgamete (generative nucleus) megagamete (ovum)

microspore (pollen-grain) megaspore (embryo-sac)
microsporangium (anther-lobe) megasporangium (ovule)
microsporophyll (stamen) megasporophyll (carpel)

Both terminologies will be used here in order to provide familiarity
with the use of the various terms.

The features of prime importance are the micro- and mega-
spores with their contents, particularly the gamete. It is of
considerable importance to understand how both are formed.
The production of microspores in a flowering plant is a somewhat
complicated process, but when the description is reduced to
essentials the matter is comparatively simple.

THE FoRMATION OF MICROSPORES (POLLEN-GRAINS)

Inside the anther lobe (microsporangium) a tissue of cells is built
up until the whole cavity is filled. These cells are the microspore
mother-cells. Each mother-cell will produce four microspores.
To do this the nucleus of each mother-cell divides in a peculiar
way.

Meiotic Cell-division

The chromosomes take form just as they do as a prelude to mitosis,
but in this case members of homologous pairs are twisted round
each other, or are at least in very intimate contact. This stage,
with homologues in intimate contact, is called syndesis, and will
be referred to later. The pairs arrange themselves on the equa-
torial plate. As in mitotic cell-division, each chromosome is split
lengthwise into two equal portions. Before the half-chromosomes
produced by this split can part company the ‘ fibres ” from the poles
of the cell attach themselves to the chromosome. One fibre from
one pole goes to one split chromosome of each pair, and a fibre
from the opposite pole goes to the other split homologue. The
fibres contract, each pulling its attached chromosome to the
appropriate pole. Two daughter nuclei are so formed, one at
either pole of the spore mother-cell. Each daughter nucleus
contains one split representatative from each pair of homologous
chromosomes. As soon as the two groups of individual chromo-
somes have congregated at the poles each one then completes its
(486) 159 12
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split. Another set of “ fibres > reaches out from daughter poles
and pull apart the now completely separate halves. Thus, from
every spore-mother-cell four daughter nuclei, each with attendant
protoplasm, are formed, and cell walls appear between the four.
The individual cells round off and separate to give four spherical
pollen-grains, each lying free in the microsporangium.

The important point to notice is that the nucleus in each
microspore contains only one ‘member of each of the homologous pairs
of chromosomes seen in the nuclei of the body cells. In each
spore nucleus there is a reduction of the pairs to individuals, and
a reduction of the total number of chromosomes present to half.

The first division of the process is called reduction division,
and the whole process of two divisions is called meiosis.

Meiosis may be summed up by saying it consists of two
divisions of the nucleus with only one division of the individual
chromosomes.

Any nucleus like those found in these microspores having a
complement of single unpaired chromosomes is said to be haploid.
The total number of chromosomes present in such a nucleus is
the haploid number, and is usually indicated by the letter *“ n.”
The somatic nucleus with chromosomes in pairs is said to be
diploid, and the total number in the complement indicated by
“2on.”

All subsequent divisions of the haploid nucleus are mitotic.
A nucleus with the reduced number cannot be further reduced ;
meitosts takes place only once in any life cycle. The union of two haploid
gametes at fertilization reconstitutes the diploid nucleus. Two
phases may be recognized in a complete life cycle of a plant.
One, the haploid phase, with nuclei having n chromosomes
alternating with the other or diploid 2n phase. Put otherwise, the
vegetative, diploid (2n), spore-producing, sporophytic phase gives
rise to the reproductive, haploid (n), gamete-producing, gameto-
phytic phase which in turn following union of the gametes recon-
stitutes the soma.

Maturation of the Pollen-grain

Let us return to consideration of the newly formed microspore

with its haploid nucleus immersed in protoplasm, within a thin

cell wall, and trace its further history. The single nucleus divides

mitotically ; the chromosomes split longitudinally, one-half from

each goes off to one pole, and the other to the other pole. Two
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nuclei form. No cell wall appears between. At this stage the
microspore is mature and binucleate. The two nuclei look alike,
but one is all-important and called the generative nucleus ; the
other is of minor importance, and is called the vegetative nucleus.

While the spore is in this condition and nourished within the
anther-lobe its wall alters. It becomes thickened by an external
layer, which has little thin spots or pores in it. The original
thin cellulose inner wall is called the intine, while the thick outer
wall with pores is called the extine. The ripe microspore or pollen-
grain may now be described as a free, one-chambered, binucleate
body, richly supplied with protoplasm, with a double wall.

THE MEGASPORANGIUM

The ovule, to which attention should now be turned, is a small oval
or egg-shaped structure borne on a short stalk called the funicle.
This stalk is attached at its other end to a thick mass of tissue
on the internal wall of the ovary called the placenta. A median
longitudinal section of the ovule shows that it possesses two coats,
the inner integument and the outer integument. These invest
a central mass of tissue called the nucellus. The two integuments
are not quite entire, for a small canal, the micropyle, is left at
the end distal to the funicle.

The Megaspore

As the ovule develops, one of the cells of the nucellus, the megaspore
mother-cell, enlarges and its nucleus divides meiotically.

In short, deep in the nucellar tissue four cells are produced,
each with a cell wall enclosing protoplasm and a haploid nucleus.
These are megaspores. Three of the megaspores in the tetrad
die and are absorbed ; the other one persists and enlarges. This
large, thin-walled haploid cell lying imbedded in nutritive tissue,
protected by integuments and further protected by the ovary
wall, is the megaspore or embryo-sac. Any further divisions of
the nucleus of this cell must provide only nuclei, each with the
half number (n) of chromosomes.

Maturation of the Megaspore

The nucleus does divide to give two such nuclei. On formation

these migrate, one to the end of the embryo-sac nearest the

micropyle, and the other to the opposite extreme or antipodes.
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Fic. 67

The maturation of the embryo-sac

The embryo-sac when formed by meiosis has one nucleus. Eventually
it comes to contain six nuclei (each with n chromosomes) and one
double nucleus (n + n chromosomes)

No cell-wall appears between them. Each of these two nuclei
lying at the remote ends of the spore then divides and re-divides,
so that the embryo-sac comes to contain eight nuclei, four at
each end and all haploid. One nucleus from each group of four
now migrates towards the centre of the spore. There they meet
and fuse to give a centrally placed fusion-nucleus. The embryo-
sac is now mature. .

At the end of the sac nearest to the micropyle lie three nuclei,
all of very similar appearance. One of these is the all-important
megagamete or ovum ; the other two are of very minor import-
ance, and are called the * help-cells ”’ or synergids. At the end
of the embryo-sac farthest away from the micropyle lie three other
nuclei of similar appearance, all of ephemeral function and called
the antipodal cells. In the centre lies the central-fusion nucleus,
formed from two nuclei and therefore diploid, which has a function
second only to that of the gamete itself.
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The Ripe Spores

The position now is that ripe, single-chambered pollen-grains,
each with a vegetative and a generative nucleus, are set
free to the outer world by the bursting of the stamen. At
the same time lying deep in the nucellar tissue of an ovule
enclosed in the ovary, are single, one-chambered megaspores,
each containing one megagamete, one central-fusion nucleus,
and five other nuclei.

PoLLINATION

The further history of the microspore can now be followed. After
the anther lobes burst or dehisce, the pollen is set free and is
carried by some agent such as wind or an insect from the stamen
to the stigma of the gynazceum. The stigmatic surface at this
stage is wet with exuded sugar solution. The sugar solution
causes two changes in the pollen-grain. Firstly, the generative
nucleus becomes active and divides into two nuclei, both genera-
tive in function. The other nucleus (vegetative) remains un-
divided, and is merely for the physiological control of the spore
as a whole.

The two important members are called the first and second
generative or male nuclei.

Pollen Germination

Concurrent with these changes the liquid contents of the pollen-
grain increase and cause the intine to ‘ blister out ”” where it is
not rigidly supported by the extine—that is, at one or other of
the pores. The intine, being pressed out through this narrow
orifice, forms a narrow-bore, thin-walled tube. This is the pollen
tube. Into the tube so formed passes the vegetative nucleus
which controls the physiology of the whole structure. The pollen
tube steadily elongates and passes down through the tissues of the
stigma, style, and ovary to the level of the ovules. Here the tip
grows in the direction of the micropyle of an ovule. The micropyle
is entered, and the tip of the tube passes up into the nucellus,
lying between the micropyle and the embryo-sac. While all this
has been going on, the two generative nuclei have entered the
tube and followed the vegetative nucleus into its tip.
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Germinated

O Pollen Grain
~——— Stigma
Style
OVULE
Micropyle 0
Outer Coat al
Inner Coat
Embryo-Sac
—Ovary

Nucellus

Stalk of Ovule

Fic. 68

The gynzceum at the moment of fertilization

Fertilization

When the tip of the tube reaches the embryo-sac the vegetative

nucleus, its function completed, is absorbed, and so disappears.

Now the wall of the tube at its tip breaks down or bursts,
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Fic. 69
The dicotyledon embryo

The two massive cotyledons (split apart in drawing)
contain a reserve of food for the future development of
the plumule and radicle seen attached to the left-hand
cotyledon. In this seed (the bean) the endosperm is all
absorbed early, it is non-endospermic

and the two generative nuclei flow up and enter into the
embryo-sac. One fuses with the megagamete and the other
with the central-fusion nucleus. This is the sexual act or act
of fertilization.,

There are now two nuclei present in the embryo-sac, each with
more than the n number of chromosomes. One is the fertilized
megagamete or ovum, which is 2n, now called the zygots,
and from which by mitotic division the embryo and the new
plant develop. The other is the central-fusion nucleus plus
the second generative nucleus. This unit, derived from three
haploid nuclei, is 3n, or triploid.

ENDOSPERM

By a series of divisions all more or less aberrant, this triploid nuc-
leus produces daughter-cells of various chromosome numbers, and
a tissue called endosperm is built up. The endosperm fills that
part of the cavity of the embryo-sac not occupied by the embryo
itself. Endosperm is purely temporary in character, and is pro-
duced only for the nutrition of the embryo, which sooner or later
absorbs it.

The whole of these processes may be shown summarized in
tabular form. The arrows in the table can be interpreted as
meaning either ““ produces ” or “ contains.”
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SUMMARIZED HISTORY OF THE STRUCTURES AND PROCESSES INVOLVED
IN THE PRODUCTION OF GAMETES AND THEIR UNION TO FORM A NEW
GENERATION

VEGETATIVE PLANT: SOMA (2n)

Microsporophyll (stamen)
Microsporangium (anther lobe)

Microspore mother-cell (pollen m.c.)

|
\

MEIOSIS
4 Microspores (pollen tetrad)

Separate microspores (pollen grains)

Microspore nucleus divides to give two,
the generative and vegetative nuclei of
the spore

¥
Megasporophyll (carpel)

¥
Megasporangium (ovule)

Megaspore mc (embryo-sac mc)—a cell
of the nucellus

+
MEIOSIS

4 Megaspores in tetrad (putative embryo-
sacs)

3 absorbed leaving one

megaspore
(embryo-sac)

Single unicellular megaspore buried in

nucellus
Microsporangium bursts and spores \:
are set free Nucleus divides: daughter nuclei mi-

Microspores transferred from stamen to
stigma of gyneceum. Pollination

Spore germinates to form a tube; gener-
ative nucleus divides into first and
second generative nuclei

grate to poles of spores

Division and redivision produces two
groups of four cells, one group at each
end of spore

¥
One from each group migrates to central
position and there they fuse. This gives
three groups of nuclei in the spore

First generative Second generative 4
nucleus in tube nucleus behind it J 1 I}
Central —t—— Antipodal
Tube fusion Mega- 2 cells
reaches nucleus gamete synergids
micropyle L (2n)
and bursts
First S d v
irs econ Ultimatel
generative mfr;tsergm { generative absorbed af’{er
nucleus B8aSp nucleus fertilization
'
Fusion to provide endosperm
nucleus which divides
¥ 30
Endosperm a temporary Fertilization
tissue later absorbed
¢ Fors
Fusion to provide zygote which divides repeatedly
Embryo and new generation 2n

Vegetative phase

167



PRINCIPLES OF AGRICULTURAL BOTANY

CROSS- AND SELF-POLLINATION

A necessary incident in the processes just described is the transfer of
microspores from the microsporangium to the stigma. The transfer
is called pollination. A flower, once it has received pollen, is said
to be pollinated. The move may be from the stamens of a plant
to its own stigmas. In this case the plant or flower is said to be
self-pollinated or selfed. If pollen from another plant is brought
in, cross-pollination is said to have been effected, or the plant
crossed. There are various degrees of each. One flower or two
separate flowers on one plant may be involved in self-pollination.

Other things being equal, cross-pollination seems to be pre-
ferable to selfing, for usually the offspring are stronger and more
robust. Also, in later generations the progeny of a cross show a
higher degree of variation for selection to work on.

The Natural Agents of Pollination

The natural agents for carrying pollen are, most commonly, either
wind or an insect. Plants normally wind-pollinated have small,
insignificant, dull flowers, devoid of colour or scent. The pollen
produced by these flowers is dry and dust-like. The stigma is
usually a much branched feather-like organ apt to catch drifting
pollen. The stamens have long stalks, and are usually so con-
structed as to shake the spores freely out on the wind.

Flowers adapted for insect pollination, on the contrary, are
usually bright-coloured, scented, and nectar-producing. They are
attractive to insects. The stamens are not adapted to scattering
the pollen, which tends to be sticky. Often the construction of
the flower is specially adapted to facilitate the entrance of a
particular kind of insect, or to guide it in such a track as will
increase the chances of cross-pollination.

Successful pollination leads on to fertilization and the forma-
tion of an embryo. Many other changes flow from these acts,
for the ovule as a whole is stimulated to develop and form a seed.
A seed is a whole, ripened ovule after fertilization of the contained
gamete. The ovary, too, is stimulated to grow and alter so as
to produce a fruit. A fruit is a whole ripened ovary after fertiliza-
tion. Other parts—torus, perianth members, style, and stigma—
may also be stimulated to make structures necessary in the future
of the fruit or seed.
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False Fruiting

Pollination itself, though fertilization fail, may be a stimulus to
development of secondary structures and fruiting without seed-
formation results. This is seen in such cases as the seedless raisin,
the banana, the seedless orange, and so on. False fruiting of this
type is not uncommon ; the plants showing it are said to be
fruitful but sterile. The causes underlying sterility will be dis-
cussed in Section Four.

THE DEVELOPMENT OF THE ZYGOTE

The normal sequel to effective fertilization is that the zygote
divides mitotically into two, and then into four. Each of these
cells by continuous division produces a small embryo plant lying
enclosed within the altered or altering ovule. The embryo con-
sists of a very short axis, with one end, the root-to-be, called the
radicle, pointing towards the micropyle. At the opposite end
of the embryo axis is a small portion, the shoot-to-be. This
terminates in a very elementary bud which looks like a little
feather. The early botanists called this embryo terminal bud
the plumule. Midway between the radicle and plumule is in-
serted either one or two embryonical leaves, the cotyledon leaves.

The Embryo

The embryo then consists of plumule, radicle, and cotyledon(s).
The cells composing the various tissues are not greatly developed
at this stage, and all might be described as meristematic in
character. They are filled with protoplasm, which, as has been
said, is nearly pure protein. This accumulation of protein in the
formation of the embryo, while it provides man with sources of
valuable food, puts a considerable strain on the mother plant.

After the various tissues have developed and reserves of food
placed in position, the seed with its contained embryo will be
detached from the mother plant and transferred to the soil.
From then on it will have an independent existence. Before it
is ready to manufacture food for itself and become self-supporting,
it will have to send the root into the soil and the shoot above ground
to develop leaves. It must grow. Provision of a sufficient supply
of food must be laid down in the seed for these future needs.
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Food Reserves in Seeds

In some seeds a remnant of the nucellus persists into the seed
stage and may help to supply this need. Such a reserve is called
perisperm. In most cases, however, perisperm would be quite
inadequate and other methods have been adopted. Rapid
divisions of the central-fusion-nucleus going on concurrently with
embryo formation produce a mass of undifferentiated tissue.
The cells of this tissue are filled with food from the mother plant
and the reserve called the endosperm is built up. The fate of the
endosperm is to be consumed by the embryo. In the seeds of
some plants the endosperm persists as a massive tissue, and these
seeds are described as endospermic. In others, however, the
developing embryo absorbs the endosperm practically as it forms.
Such a seed when ripe contains practically no endosperm. In
these non-endospermic seeds the food is stored within the embryo
usually in much-swollen cotyledons.

Changes in the Integuments

While all these changes are going on inside the one-time ovule,
the integuments alter very considerably, becoming tougher,
harder, and better developed to protect the embryo and its food
reserves. Together, these coverings form the seed-coat or testa.
This envelops the whole of the seed, and is pierced only by the
micropyle.

The whole of the structure derived from the ovule progressively
dehydrates, so that the water content falls. When this process
of dehydration reaches a low point the seed is said to be harvest-
ripe.

Dryness imposes a period of functional quiescence or cessation
from activity. The dry quiescent structure is the resting seed.

CHANGES IN THE OvAry—FRrurT FORMATION

While the ovule is undergoing these changes the ovary, too, is

altering. The developments of the ovary follow 2s-a result of

pollination and fertilization. The changes in the ovary are

generally designed to facilitate the distribution or dispersal of the

seed. It is beneficial to any species when its seeds are carried

as far away from the parent and as far away from each other
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as may be possible. If a site suitablc for their subsequent germina-
tion is automatically selected, this too is an aid. Hence, the
evolutionary modifications seen in the fruit are almost all designed
to ensure that a single seed, or a one-seeded fruit, or a one-seeded
part of a fruit, is the unit of dispersal. In addition, the modifica-
tions often show a degree of adaptation to the habits or character
of some special agent which will carry the one-seeded unit to
fresh fields. The agents most commonly involved are wind and
animals. The animal may be a bird or a mammal.

Two main classes of fruits can be recognized : those which
are hard and dry, and those which are soft and succulent.
There are many beautiful modifications of fruits and seeds of
both those types which adapt the parts for the act of dispersal
by one or other of these agents.

Seed and Fruit Dispersal

The simplest case is seen when a multi-seeded fruit splits or opens
to allow the seeds to escape. The act of opening is called dehis-
cence. 'The pea provides a well-known example of a dehiscent
fruit. The pod derived from one carpel splits longitudinally by
two valves. The turnips, kales, etc., split in much the same way.

Fic. 70
Fruit dehiscence
Left  pea type Right turnip
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Fic. 71
Fruit dehiscence

Left Poppy dehiscing by pores

Right Willow-herb splits to allow the hairy seeds to blow
away on the wind

though here two carpels are involved in the seed capsule. The
wallflower fruit opens in exactly the same way, but the seeds are
not round as in turnip and kale, but are flat and slightly winged,
so that after the fruit opens they are borne some distance on
the wind.

In the poppy, another multi-carpellary fruit, the apex of each
individual carpel curls back and downwards to form small pores
underneath the * eaves ” formed by the segments of the persistent
stigmas. As the poppy head on its tall stalk sways in the wind
the small seeds are thrown out from the pores. This ensures
release of the seeds only when a wind is blowing of sufficient
strength to carry the small poppy seed some distance from the
parent.

Adaptation to wind dispersal can be carried to a much higher
stage of perfection. For example, in willow-herb, parachute-like
hairs ensure the seeds being carried great distances after the multi-
seeded fruit has split.

Splitting Fruits

Multi-seeded dry fruits which do not dehisce split into one-seeded
parts. An excellent example is provided by seradella. This fruit
is morphologically a pod similar to that of a pea. In it narrow
‘ waists 7’ appear transversely across the pod. When quite dry
these divisions crack across, so splitting the pod into one-seeded
parts. Runch, a near relative of the turnips and radishes, shows
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Fic. 72
Fruits of Crucifers

(a) The two-valved dehiscent fruit of charlock
() The two-valved dehiscent * waisted ” fruit
of white mustard
(¢) The indehiscent waisted fruit of runch,
which splits transversely into one-seeded parts

a somewhat similar mechanism. In carrot and its relatives the
two carpels of the ovary separate, when ripe, into two one-seeded
parts. Splitting fruits, then, are quite commonly met with, and
are termed schizocarpic.

One-seeded Indehiscent Fruits

A one-seeded, entire fruit has been developed by some plants.
An excellent example is black medick. This legume had at one
time a multi-seeded, uni-carpellary pod much as is still seen in
lucerne, or indeed in pea or bean. In black medick, however,
the pod has become shorter, and only one ovule per pod reaches
the mature seed stage. Normally, this one-seeded pod does not
open. It is therefore classed as a one-seeded, dry, indehiscent
fruit, though it clearly derives from a multi-seeded dehiscent pod.
Any dry, indehiscent, one-seeded fruit, irrespective of its deriva-
tion in evolution, is called an achene.

The fruit wall, or pericarp as it is termed, may varyin character.
For example, it may be woody as in hazel, and so form a nut.
In a grass the pericarp is transparent and fused to the testa or
seed coat. The grass fruit is an achene and its transparent
pericarp is called a carpopsis. The caryopsis of wheat is a
very typical example.

In many grasses the true fruit remains invested in one or
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Fic. 73

Leguminous fruits

(a) The simplest type a straight pod (pea)

() The spiral pod (lucerne)

(¢) The spiral one-seed pod (black medick)

(d) The straight pod splitting into one-seeded parts (seradella)

(¢) The one-seeded pod splitting transversely to allow seed to escape (red clover)
(All are formed from one carpel)

more leaves not truly members of the flower parts. The oat
grain provides an example of this. In most oat varieties the in-
vesting bracteoles do not leave the grain, though they may be
stripped off by hand with more or less ease. In some peculiar
varieties of oat the fruit escapes naturally from the leaves, and
these kinds are known as naked oats or huskless oats. Normally,
it is difficult to separate off the leaves investing the fruit of barley
or rice, both of which are also cereal grasses.
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Fic. 74

(a) The dry achenes of avens (note hooked style)
(b) The achenes of strawberry on the fleshy development of the torus (note
persistent calyx)
(¢) The achenes of rose inside the fleshy cup-shaped torus (rose hip)
(d) The apple with its seeds inside the hard dry carpels, which are embedded
deep in the fleshy development of the toral cup
Note persistent flower parts of strawberry, rose and apple

There are many other achene fruits ; for example, that of
avens, where the persistent style of each member of a multi-
carpellary apocarpous gynzceum forms a hook for clinging to
wool, etc. This provides for animal dispersal.

Another achene is seen in the strawberry. The true fruits, or
“ pips,” are hard, dry indehiscent products of many one-seeded
carpels. The succulence of the strawberry * fruit ** derives entirely
from a torus developed extraordinarily after fertilization. The
persistent calyx or husk seen at the base of the ¢ fruit > shows
that the ovary was superior.

The rose shows a somewhat parallel development where
extreme perigyny in the flower provides a degree of protection
for the carpels, and later in the fruiting condition the torus pro-
vides an aid to animal dispersal of the achenes. The wall of the
rose hip is torus and the ‘“ pips ” inside are achenes. The per-
sistent calyx at the neck of the toral cup is a clue to the nature
of the structure.

The apple shows an even more advanced stage in evolution.
In the flower the five-carpelled gynzceum with inferior ovary
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sunk in a toral cup was well protected. After fertilization the
torus develops considerably, The fleshy wall is torus ; the true
fruit wall is the horny-like structure in the core, and the blackish
pips are true seeds. The rose hip, the strawberry, and apple
are ‘“false fruits.” The fleshy character, flavour, aroma, and
bright colour of the ripe condition common to all these cases are
all attractive to animals so that they eat the * fruit.”” The achenes
or seeds after ingestion resist the digestive juices, and are later
voided in the feces.

Fic. 75

‘The mangold “ seed  (b) develops from a cluster of individual flowers (a),
and on germination (c) a seedling comes from each of the one-seeded ovaries
involved
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Multiple Fruits

Another fruit seen in agriculture derived in a peculiar way is
that of the mangold or beet. Both plants produce very many
small, insignificant flowers grouped in small clusters of two,
three, or more individual blossoms. Each flower has one carpel
containing one ovule. After fertilization the calyces of these
flowers develop considerably and grow together. A composite
unit is formed from each cluster of flowers, and contains the
ovaries of the two, three, or four flowers involved, all grown
together by the now very hard, dry calyces. The so-called “ seed ”
of mangold is a multiple fruit, the product of the ovaries of more
than one flower. The small tips of the five sepal leaves of each
flower remain free, and may easily be recognized in the dry seed
cluster. The true fruit of the mangold is a small black body
sunk deep in the tissues of the calyx. This adaptation is not
useful in dispersal, rather the contrary, but is useful to the plant
in germination.

The ‘“ seed ” of mangold is a part of an inflorescence, the fig
is a complete one. Each “pip” in a fig is an achene, while
the fleshy wall is a highly modified axis of inflorescence. The
pineapple of commerce too is a whole inflorescence in fruiting
condition.

Apogamy and Parthenogenesis

Some plants after going through all the motions” of spore
production do not use the male and female gametes in the normal
way. When one or other of the nuclei in the embryo-sac forms
an embryo without fertilization parthenogenesis is said to take
place. When a diploid nucleus of the nucellus produces an
embryo plant the term apogamy is usually applied to the process,
The ultimate seed produced by apogamy or parthenogenesis may
be quite similar in appearance to one developed after fertilization.
In effect parthenogenesis (and often apogamy too) is quite
equivalent to vegetative propagation, for no sexual act has taken
place.

Vivipary

In the flowering region of a number of plants (including a few
grasses) a plantlet often appears in place of a normal seed or fruit.
In some cases these plantlets arise as a proliferation of diploid
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Fic. 76

Bulbils in the inflorescence
of a plant related to onion :
bulbs in the normal position

tissue, and constitute a form of vegetative
propagation. The plantlet takes various
forms. In some it resembles a normal
seedling, in others it has all the characters
of a bulb. Examples of the latter type are
referred to as bulbils. No matter what the
form, replacement of a fruit by a juvenile,
but not purely embryonic structure, is
called vivipary, and the plant showing it is
said to be viviparous.

A simulation of vivipary often occurs
when a true seed germinates before its
release from the parent. This is commonly
seen in cereals when the weather at harvest
is warm and moist. The grain is said to

“ sprout in the stook.” Cases of prema-
ture germination should not be referred to
as vivipary.

The general facts outlined in this
chapter enter into a great deal of the work
of applied botany, and some examples of
these will be offered in the next chapter.
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PLATE 42 THE GRASS SPIKELET

The spike-like panicle of Foxtail spread to show spikelets terminal on branches
of the rachis

Spikelets of Meadow Grass. (Left) The unopened condition
(Right) The flowering condition



CuapTeEr VIII

SPECIAL ASPECTS OF THE INFLORESCENCE,
FLOWER, FRUIT, AND SEED IN AGRICULTURE

To the botanist the greatest importance of the inflorescence,
flower, fruit, and seed derives from their considerable use in
identifying and classifying plants. Apart from that on the grasses,
this class of work will be relegated to a special chapter, and at
this stage consideration will be given rather to those cases where
the reproductive system or its parts are the marketed or consumed
portion of the plant.

The use, in this way, of any stage in the sequence from flower
bud to ripe fruit can be illustrated by a series of examples taken
from the many cases presented by world agriculture.

Cloves

The unopened flower buds of a particular tree come on the
market as cloves. These are valued for the flavour and aroma
with which an oil in their tissues is impregnated. The oil is
sometimes extracted from the buds, and is marketed as clove oil
for use as a flavouring agent or as a mild antiseptic.

Saffron

The stigmas and part of the styles of saffron, a kind of crocus,
are harvested and marketed as a source of the dyestuff saffron.
There are many examples of the whole flower or the petals
of different plants being harvested for the production of oil,
scent, cosmetics, dyes, and sweetmeats.

Cauliflower or Broccols

The ““ curd ” seen in cauliflower or broccoli is a large proliferated
inflorescence developed as a storage organ in the first year of this
biennial plant ; in the second year normal flowers are produced
from it.
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Hops

The hop used in brewing and baking is a small mature inflores-
cence of somewhat peculiar structure and occurrence. The
actual flowers of this plant are not hermaphrodite, Z.e., con-
taining both stamens and carpels, but are unisexual. Any in-
dividual flower is either male (staminate) or female (pistillate).

When, as happens in some plants, both male and female
flowers are borne on one plant, the condition is termed monecious.
When flowers of cach of the two sexes are on separate plants, as
in hop, the condition is described as diecious.

In hop itself the male flowers are not of much importance in
practice. They are borne on small, much-branched inflorescences
which arise each in the axil of a leaf (bract) of the main or branch
stems. A five-membered perianth is present. These leaves rather
resemble sepals and may be referred to as the calyx ; if this

Fic. 77

(a) Dissection of a hop strobile or female inflorescence. Notice
on lower part of main axis or strig the scars of attachment of
the two stipular bracts and the stalks of four female flowers
with their bracteoles. Above is seen a group of these lcaves

attached to right-hand side of strig

() One bracteole with seed and lupulin glands

(¢) One lupulin gland magnified
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1s the case there is no corolla. The rather vague description of
“ sepaloid perianth * for this whorl commits the student to a less
definite opinion. The andrcecium is of five stamens inserted on
the same radii as the perianth members. As has been said, there
are no carpels.

The Hop of Commerce

The inflorescence which bears female flowers, when mature, is the
hop of commerce. Eachlittle inflorescence or individual hop, called
in practice a strobile, arises in the axil of a leaf on the stem. It
consists of a short axis called a strig, occupying a central position
and bearing a number of leaves. These leaves are of two kinds.
One kind appears in pairs. These are the persistent stipules of
a bract leaf, which is now suppressed. The original bract leaves
were arranged alternately in two rows up the axis, hence these
pairs or ““ stipular bracts > form two double rows (pairs alternate)
up the axis. On the mid-line between the members of each pair
of stipular bracts, and just above them, are four little stalks each
bearing a bracteole which subtends one female flower. Thus
there are alternately, up the strig, groupings of six leaves, each
group consisting of two stipular bracts subtending four flower-
bearing stalks, and on each stalk a bracteole.

It is the stipular bracts and bracteoles, called collectively the
“ petals,” which are the valuable parts of this whole unit. They
proceed to full development, no matter if the flowers are pollinated
or not. If the flowers are pollinated the individual strobiles
become heavier, due to a slight enlargement of the ‘ petals”
and the presence of developed fruits. Buyers usually pay rather
less per pound for hops which have bcen pollinated, but such is
the increase in the weight of crop harvested per acre that it may
pay the grower best to include in his hop garden a few male
plants to supply pollen and so preduce * seedy hops.”

Lupulin of Hops

The commercial hop is useful because the bracts and bracteoles
bear on their surface peculiar secretory structures. The secretion
is a complex mixture of essential oils and resins known as lupulin.
Different varieties of hop plant produce different amounts of
lupulin. The composition of the lupulin, too, varies among
different varieties, and hence they are used for different purposes
according to the character of the lupulin they produce. It is

181



PRINCIPLES OF AGRICULTURAL BOTANY

on the total content of lupulin and the proportions of the various
constituents in it that any particular consignment is valued.

The lupulin-containing hairs or glands occur scattered all
over the * petals,” but never on vegetative leaves outside the
strobile. When ripe they are yellow-gold in colour, and to the
unaided eyc resemble pollen-grains. When magnified they are
seen to be formed of a very short stalk bearing a cup-shaped
structure of secretory cells. The secretion, lupulin, is produced
by these cells into the inner aspect of the cup, which eventually
becomes completely filled. Stretching from lip to lip of the cup
so as to enclose and protect the lupulin is a thin membraneous
skin.

When hops are ripe the long stems or bines of the plant are
pulled off the supports up which they have twined and the
inflorescences stripped off. These are dried and variously treated.
In the brewing industry the lupulin of the hop is used to give
a characteristic flavour to the beer, in which it also acts as an
antiseptic.

Pineappls, Fig

Two other inflorescences which come into commerce as such
may be noted in passing. Onec of these is the pineapple, valued
for its succulent fruits massed compactly on a succulent central
axis of the inflorescence. The other is the fig, which is composed
mainly of a cup-shaped axis of inflorescence analagous to the cup-
shaped torus of the rose hip. The pips of the fig, however, are
not the product of the many free carpels of one flower as in the
rose, but cach pip is produced by a one-carpelled individual
flower, many of which make up the inflorescence.

GRraAss INFLORESCENCE

The flowering region of grasses is important to agricultural
botanists, not only because it and the long culm on which it is
borne adds considerably to the hay yield, but because of its
ready use in the identification of the different kinds of grasses.

There are two main types of grass inflorescence. On the one
hand there is the panicle, where a main axis bears branches on
which the flowering units are borne. On the other hand there
is the spike with an unbranched main axis, with the flowering
units sessile on it.
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Fie. 78
The Grass Inflorescence : the Panicle
(a) Simple—branches of the rachis not branched (sterile brome)
(6) Compound—branches of the rachis branched (wavy hair grass)

(¢) Compound—secondary branches bearing spikelets massed in compact
groups (cocksfoot)

183



PRINCIPLES OF AGRICULTURAL BOTANY

Fic. 79
Spikes and Spike-like panicles
(a) One-sided spike of Moor Mat-grass ; (b) One-sided spike of Dogstail ;
(¢) Loose spike-like panicle of Purple Molinia ; (d) Loose spike-like panicle
of Koeleria (in (¢) and (d) the lowest branch is pulled out)

A somewhat intermediate form bears the flowering units on
very short branches of the main axis. These units appear to be
sessile, and the inflorescence simulates a spike. Such an inflores-
cence is called a spike-like panicle.

The main axis of any of these inflorescence types with lateral
members inserted on it is likened to the backbone of a fish, or
the mid-rib of a feather, and hence is named the rachis. In
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the spike type the rachis is not branched ; in the panicle it is
branched. If the primary branches of the panicle are them-
selves un-branched it is said to be simple ; if they are branched
the head is referred to as compound panicle.

The variations in grass inflorescence are very useful in identi-
fication, and will be discussed in detail later. The arrangement
of parts of the flowering units must first be outlined.

The Flowering Unit of Grasses : The Spikelet

Each unit consists of a short central axis called the rachilla,
a diminutive of rachis. The rachilla, where it arises on the
rachis or on one of its branches, is subtended by a pair of leaves
called glumes; one is basal and called the lower glume ; the
other is a very little way up the rachilla on the opposite side,
and is called the upper glume. These two lcaves subtending the
unit as a whole may be regarded as analagous to bracts. Above
the glumes, arranged alternately in two rows up the rachilla,
are a number of flowers. Each flower, individually, is sub-
tended by a pair of leaves called pales. One of these is
inserted at the base of the flower at the junction of the
rachilla and the flower stalk ; it is called the lower pale.
The other pale placed a little nearer the flower is called the
upper pale. '

The whole structure of glumes, rachilla, pales, and flowers is
called a spikelet in recognition of its likencss to a diminutive
spike. All grasses whether having a paniculate or spicate in-
florescence bear their flowers in spikelets.

A grass spikelet, then, is a unit composed of one or more flowers.
When more than one flower is present they are arranged alter-
nately, in two rows on the short axis or rachilla. The whole is
subtended by bract-like leaves or glumes, usually two in number.
Each individual flower on the axis is subtended by bracteole-like
leaves or pales, usually two per flower.

Types of Glume and Pale

The glumes and pales of the spikelet differ in shape, size, and
occasionally in number in different grasses. These characteristics
are used for purposes of identification.
Some pales and glumes have the mid-rib prominent, which
gives the leaf the cross-section scen in a yacht ; these are described
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I'ic. 80
A seven-flowered Grass Spikelet
Left At base are two small glumes (lower and upper).
Then the first flower with large lower pale and

small upper pale. Flowers with similar L.P. and
U.P. occur alternately in two rows up the rachilla

“Right A singlec flower with its axis cxaggerated. Lower
pale, upper pale, two lodicules, three stamens,
and gynzceum with two stigmas

as keeled.  In others, the shapes of the leaves resemble more a
flat-bottomed punt ; these are described as not-keeled or round.
Some are membraneous or have membraneous margins. Some
are hairy, others are frec of hair. A feature easily observed is
the presence or absence of an awn. This, when present, is seen
as a bristle-like structure continuing the mid-rib on the pale
or glume.

The position of the insertion of the awn is important. It
may appear as a straight continuation of the mid-rib from the
apex of the glume or pale which bears it. Such an awn is said
to be terminal. It may spring from the mid-rib halfway up the
back of the leaf, when it is said to be dorsal. An awn which
arises at the base of the leaf is described as basal. Insertions of
the awn intermediate between these are described as sub-terminal
or sub-dorsal.
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The flower of Oat with pales removed. The three stamens are seen

right, left, and behind the central body which is ovary. The ovary

is superior. The two feathery styles/stigmas arise on the apex of
the ovary



PLATE 44 GRASS “SEEDS”

(a) Round-backed or barge-like : Lies on a table face-up or back-up (Ryegrass)
(8) Keeled or yacht-like : Lies on side or back-up (Cocksfoot)
(¢) Doubly keeled : Lies on side only (Yorkshire Fog and Foxtail)

Note the twist on the awn point of the lower pale of Cocksfoot
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i

a b ¢
Ia. 81
Position of Awns
(a) awnless (¢) subterminal
(b) awn point (f) subterminal or dorsal
(¢) terminal () dorsal
(d) mucronate terminal (k) subdorsal

" The Grass Flower : A Reduced Lily Type

The flowers of the grass spikelet may each be pictured as of a lily
type in which there has been considerable reduction of parts.
The simplest lily flower is represented by the floral formula,
W Cag Cog And g3 Gn(3), and provides a floral diagram as
seen in Fig. 82. The members of the two whorls of stamens arc
on alternate radii, the outer ones alternate with the petals.

The Perianth

In the grass flower sepals are never present, the duty of protecting
the reproductive parts having been taken over by the glumes and
pales. The petals too may be complctely gone, or two of them,
or all three may be present as small scales called lodicules. The
duty of these much modified petals is not attraction of insects,
for the grass flower is wind pollinated, but the pushing apart
of the pales when the ““ flower > opens.

The Andrecium

Different kinds of grass show different degrees of loss in the

stamens. Bamboos and rices show six stamens in two whorls,

just like the simple lily. Most cultivated grasses show only three

in one whorl ; it is believed that what would have been the inner

whorl is gone. The loss of parts has gone still further in some.
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Fic. 82

Floral diagrams

(a) lily (compare with colour plate XII); (b) bamboo (pales = bracteoles
shown) ; (¢) typical grass (pales = bracteoles shown)

For example, sweet vernal grass has only two stamens, while
rat’s-tail fescue has only one.

The Gyneceum

The gynzceum in a grass consists of a one-chambered superior
ovary with one ovule. There are usually two styles and stigmas.
The presence of these suggests the presence of two carpels, but
in practice it is probably best to regard the structure as mono--

carpellary.
Imperfect Flowers

In particular flowers of some grasses the gynzceum is absent, as
in the lower flower of the spikelet of tall oatgrass or the upper
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Fic. 83
Spikelet diagram of Couch. Grass—edge-on type

(Note position of rachis)

flower of Yorkshire fog. Flowers with stamens only are said to
be staminate, imperfect, or male. The floral formula of the
““ standard » grass may be written W Cao Coo Andg Gn1.

The Spikelet Diagram

The floral diagrams of grasses usually convey very little informa-
tion. The diagram of the spikelet, on the other hand, may be
of the greatest interest. In drawing these, particular attention
should be paid to showing the position of the rachilla, and in
the case of spike inflorescences of the rachis.

In order to realize this point the spike inflorescences of wheat
and barley, or couch and ryegrass, should be compared. First
of all, each member of one of these pairs should be held with
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Fic. 84
Spikelet diagram of Ryegrass—back-on type
(Note position of rachis)

The upper glume is missing in this spikelet ; protection is afforded by the rachis
on this aspect
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the rachis vertical in such a way that a line from the eye of the
observer passes through the centre of a spikelet to the rachis.
If this line reaches the rachis by any route other than through
the centre of an individual spikelet, the culm should be turned on
its own axis till the proper arrangement is reached. When this
is done with barley (a two-rowed variety is simplest) or ryegrass
the line passes through the mid-dorsal region of all the pales and
glumes. The back of the upper glume is seen to touch or abut on
the rachis.  The spikelet is set *“ back-on > to the rachis.

When wheat or couch is treated similarly the line passes
between the margins of the leaves of the spikelet. The edges of
the glumes and pales touch or abut on the rachis. The spikelet
is set ““ edge-on” to the rachis.

FEATURES OF THE GRASS PLANT USED IN IDENTIFICATION

It will be useful now to sece how variations in different features of
the flowering region of grasses may be used in their identification.
Tables V and VI (pp. 200-207) show all the characteristics of
different grasses, arranged in such a way as to bring together, in
groups, all the kinds having a salient feature in common.

The differentiation of grasses into those with spikes, spike-like
panicles, and panicles is simple.

Floristic Features of Grasses with Spike Inflorescences

Amongst those with spike inflorescences there are some in which
the spikelets are arranged in only one row to give a one-sided
spike, as is seen in moor mat-grass and dogstail. In others such
as the ryegrasses, couch grass, and wheat the spikclets are alternate
in two rows. The members of these two sub-groups are sub-
divided according to the number of spikelets, which occur at each
level of the rachis. In moor mat-grass, ryegrass, couch, and

Fic. 87
\ Barley Spike
Left A two-rowed variety
Right A six-rowed variety

Only one node of the rachis is shown in
each case. (In the two-rowed form the
lateral spikelets are represented by bristle-
like glumes and pales.)
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wheats the spikelets appear solitary, while in dogstail there is
a cluster of spikelets at each level.

In the barley spike a group of three spikelets appears at each
point up the rachis. They appear to be arranged in groups of
three with the groups alternate. The whole inflorescence looks
as if the rachis has six rows of spikelets running up and down
it. A more accurate interpretation is that at each notch of the
rachis a small branch arises. This carries one spikelet terminal
and two lateral. These three-spikeleted branches are alternate
up the rachis. On a strict interpretation the inflorescence of
barley is really a spike-like panicle.

In some barley varieties only the flower of the terminal spikelet
of each trio is fertile ; the flower of each lateral is staminate.
When ripe the fat, fruitful, terminal spikelets are in two distinct
rows up the axis, and the laterals appear as thin, almost bristle-
like structures.

In other barleys all three spikelets of each trio are fertile,
and all three form fruits, hence the mature, plump spikelets arc
in three rows up each side of the rachis. These are the six-rowed
barleys. If the maturing grains of such an inflorescence develop
well the enlarging spikelets are constrained for room round the
central axis. The laterals at or about the same level jostle each
other, and eventually the lateral of one branch slips in above
the lateral of the other. This occurs on the two opposite sides
of the rachis, and the spikelets appear arranged in four rows.
Varieties with this characteristic are called the four-rowed barleys.

The final stage in identification by floristic features is reached
on the basis of individual idiosyncrasies. For example, the
cluster of spikelets in dogstail consists of a perfectly normal
spikelet ‘“ subtended >’ by a spikelet with several imperfect and
sterile flowers. The ryegrasses, with the ““ back ”* of each spikelet
sunk into a longitudinal furrow of the rachis, has no need of an
upper glume for protection on that side. In these grasses this
leaf is suppressed in all spikelets except the one which occupies
the terminal position on the rachis, which is exposed on all
sides.

Floristic Features of Grasses with Spike-like Panicles

Amongst the spike-like panicles, those of timothy and the fox-
tails simulate a spike most. The branches are so short and set
so closely on the rachis that it is only when the units are pulled
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Fic. 88
Dissection of spikelet of Sweet Vernal
(a) The entire spikelet ; (b) the outer glumes; (c) the spikelet—outer
pair of glumes removed ; (d) the pales and flower exposed by removal
of imer pair of glumes
apart that the paniculate nature of the inflorescence can be seen.
The spikelet details of the different grasses with spike-like panicles
yield excellent data for differentiation. Timothy, sweet vernal,
marram, and the foxtails, grasses of this group, all have only one
flower per spikelet. Of these the foxtails only lack an upper pale.
Only sweet vernal has two pairs of glumes arranged alternately.
These are described as a lower outer glume, an upper outer
glume, a lower inner glume, and finally, an upper inner glume.
Timothy has one pair each of pales and glumes. Marram grass
is a much bigger, coarser grass, and there is a tuft of hairs at
the base of each lower pale. Other features, of the awns, shape
of spikelet, and so on are equally clear cut.

PaNicuLATE GRASSES

Amongst the more numerous paniculate grasses differentiation
may be a little more difficult. Cocksfoot and one or two other
grasses may be recognized by the spikelets being massed in
groups or tufts at the ends of the branches of the rachis. In
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SPECIAL ASPECTS OF INFLORESCENCE

Fic. 89
Dissection of spikelet of Yorkshire Fog

(a) The entire spikclet; (b) the glumes;

(¢) the glumes removed to expose the lower,

hermaphrodite flower and the upper, male

flower. In each of these the pales are apart
and expose the flower parts

(Note the * fish hook ” awn subterminal on
the lower pale of the upper flower)

others, where the spikelets are more evenly distributed, the
branches though distinct may be short and not spreading, so
that the inflorescence comes near to the spike-like condition.
This is seen in false brome-grass, purple molinia, and sheep’s
fescue. Other grasses with normally branched panicles may show
the typical open condition only while the flowers are actually
distributing and receiving pollen. For example, in Yorkshire fog,
the branches of the rachis alter the angle they make with the
main rachis so that the spikelets are massed up together about
the rachis before and after flower opening, but are all separate
in space while pollination is active.

Characters of the spikelet and individual leaves are referred
to more in the paniculate grasses than in the spicate and spike-
like forms. The number of flowers per spikelet now becomes a
major character. Some, such as Agrostis (bent-grasses), have only
one. Tall oatgrass and Yorkshire fog both have two flowers
per spikelet, but in the oatgrass the lower one is staminate, while
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PRINCIPLES OF AGRICULTURAL BOTANY
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Fic. 90
Spikelet diagram of Tall Oatgrass

A two-flowered spikelet, the lower flower
male only

in Yorkshire fog the upper is without gyneceum. The awns, too,
differ in thesc grasses. In the oatgrass the lower pale of the lower
flower bears in the dorsal position a long awn. This is sharply
bent like a knee at its mid-point, and it is said to be knced. The
fog grass has a small awn resembling a fish-hook in the sub-
terminal position of the lower pale of the upper flower. Paniculate
grasses with two or more perfect (hermaphrodite) flowers per
spikelet comprise the bromes, fescues, the meadow-grasses, and
many others. The fescues have a terminal awn on the lower
pales, while all the bromes, except upright brome, are charac-

Fic. 91

Dissection of Tall QOatgrass a
spikelet

(a) Entire spikelet

(6) The glumes

(¢) The two flowers with
their pales \
/ b Q C



SPECIAL ASPECTS OF INFLORESCENCE

Fic. 92
Spikelet diagrams

(a) Sweet vernal grass. Note there are two pairs of glumes and the stamens are
reduced to two. (b) Foxtail. The upper pale is missing in this one-flowered,
doubly keeled spikelet

terised by having on each lower pale a sub-terminal awn, which
arises very much as the mucronate point does on a medick leaflet.
The meadow-grasses never have any awn in the spikelet.

The various characters which may be of use in identification
of a grass inflorescence are included in Tables V and VI.

PoLLINATION AND FERTILIZATION OF GRASSES

The pollen of many grasses blows free on the wind, and when
drawn into the nose of a human being may cause hay fever.
The pollen is collected by pharmacists, and from it a preparation
is made which is used to immunize those people who are allergic
to the spores.

The opening of the grass spikelet for release and receipt of
pollen is due to the lodicules which swell up. The pales are
caused to turn as on a hinge at their point of attachment and so
swing apart. At the same time the thin, delicate filaments of the
stamens and the styles elongate so that they come to hang free,
well outside the spikelet. The filament of the stamen is attached
to the mid-dorsaY position of the anther which dehisces at its
ends. The light pollen is slowly sprinkled out as the anthers
sway in the breeze. The stigmas are like little feathery brushes,
specially suited to catch the air-borne pollen.

Some grass spikelets do not open because lodicules are absent,
the pales do not swing apart, and the stamens and stigmas remain
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PRINCIPLES OF AGRICULTURAL BOTANY

inside.  Self-pollination is almost invariable in these cases.
Other grasses having no lodicules cannot part the pales, but the
stamens and stigmas by the force of their growth push out between
them and appear at the tips of the pales.

The Grass ““ Seed ”—Simple Types

The result of successful pollination is that the ovary develops
into a one-seeded fruit, the grain or caryopsis. The true seed is
possessed of a bulky endosperm, usually of a starchy character.
In order to get one-seeded parts for dispersal, a number of modi-
fications have developed. In the simplest case, as in wheat, the
grain itself separates, falls free, and the pales and glumes form the
chaff. In others, the caryopsis remains invested in its pales, but
the spikelet breaks up. The rachilla splits transversely at the base
of each spikelet. The ““seed ” in this case consists of the grain
fruit invested in a pair of pales and with a small piece of rachilla
running from the base some way up the back of the upper pale.
The oat is an excellent example of this type though naked oat is
similar to wheat.

The Grass ‘“ Seed > —More Complex Types

In other more complex types, the seed consists of more of the
spikelet parts. For example, in Yorkshire fog two kinds of seed
are common. In one, the “shelled seed,” each consists of the
caryopsis produced by the lower fertile flower invested with its
pales. This is equivalent to the simple case seen in oats. The
other kind of Yorkshire fog ‘‘ seed > consists of the entire spikelet
with a caryopsis and attendant pales from the lower flower, a
pair of empty pales and awn from the upper male flower, all
invested in the keeled glumes still attached to the rachilla.

There is also ‘““shelled”” and ‘“unshelled” ““seed ” of sweet
vernal grass. The shelled “seed > in this case is a caryopsis
invested in a pair of shiny, mahogany-coloured pales. The un-
shelled ““seed ™ is the same but still invested in the inner pair of
awned glumes.

The features of the grass seed commonly used in identification
are included in Table VII (pp. 208-211).

Anyone wishing to consult specialist literature on the grass
flower or seed and their attendant parts may find the terminology
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PLATE 45 GRASS “SEEDS

Smooth-stalked Meadow-Grass Annual Meadow-Grass

Two views of Dog’s-tail. This seed has a twisted awn point but is round-backed
(compare Cocksfoot, see Plate 44)

(Note: The web of silky hair seen on Smooth-stalked Meadow-Grass is removed
in machining commercial seed)



PLATE 46 GRASS “SEEDS"”

Meadow Foxtail. A one-flowered Golden Oatgrass. L.P. with bifi
spikelet : U.P. missing ; subdorsal apex and awn sub-terminal
awn on L.P.

Tall Oatgrass. Two-flowered spikelet, lower one staminate ;
awn twisted and kneed
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PLATE 48 GERMINATION TEST

Hard seeds and normal seedlings as they appear on a test pad
(Photo : Messrs. Sutton and Sors Ltd.)




TABLES V, VI, VII
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TABLE V.--SUMMARY OF THE FLORISTIC
I.—THOSE GRASSES IN WHICH THE INFLORESCENCE IS A SPIKE,

THE BRANCHES

~ . No. of
NAME }ggg (Xrgi;zg:sfz}m Flowers No. and Character
SPIKELETS in of the GLUMES
Spikelet
Moor Mat-Grass one-sided spike ; spikelets ! | none, or rudimentary
solitary, back-on ( L.G. present
Dog's-tail one-sided spike ; spikelets v

clustered

3-5 F 2 equal, narrow, pointed

|
Perennial Ryegrass two-sided spike ; spike- | 6-1 ! U.G. absent ; L.G.
lets solitary and back-on | long, narrow
to rachis 1
I
Italian Ryegrass ditto 6-10 ! U.G. absent ; L.G.
| long, narrow
Darnel or Drake ditto 4-5 U.G. absent ; L.G.
broad
]
|
Couch Grass two-sided spike ; spike- 4-5 2 cqual ; long, narrow,
lets solitary, edge-on to sometimes hairy
rachis
Sea Lyme Grass two-sided spike ; spikelets 3-4 2 nearly equal, long,
in pairs narrow ; acute apices,
woolly hair
Wall Barley two-sided spike ; spikelets 1 2 equal on each spike-
in trios let ; middle spikelet lin-
ear, fringed with hair ;
lateral spikelets bristle
Meadow Barley ditto 1 all bristle-like
Finger-Grass, or Digitate group of 3 to 6 1 2 equal, narrow,

Bermuda Grass

one-sided spikes ; spikelets
solitary, edge-on

keeled ; apices acute ;
purple colour ; hair

on keel.

Floating Sweet-Grass very lax, simple panicle 6-o | 2; U.G. much longer
than L.G.; membra-
neous

Marram Grass or Sca | panicle branches short, 1 2 narrow, boat-shaped;

Mat-Grass

almost a spike ; spikelets
all round rachis

apices acute

Timothy or Herd’s Grass

panicle branches short,
almost a spike ; spikelets
close packed all round
rachis

1 2 equal ; broad, both
keeled ; harsh hair all
over ; fringe on keel
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CHARACTERS OF SOME

SPIKE-LIKE PANICLE, OR A PANICLE WHICH FROM THE POSTURE OF

APPEARS SPIKE-LIKE

-

COMMON GRASSES

No. and Character
of the PALEs

AwNs

Notes

2, both linear ; L.P. longer,
with scabrid keel and blue
colour at base

terminal on L.P.

spikelets back-on in longitudinal de-
pressions of the rachis

2, both linear ; L.P. longer,
spotted and scabrid on upper
third

2equallinear, apicesrounded;
L.P. boat-shaped ; no hair

awn - point

N o

on

each fertile spikelet “ subtended ” by
an infertile spikelet of bristle-like
glumes and pales

none

glumes not as long as spikelet ; each
spikelet in a longitudinal depression
of the rachis

2 equal ; L.P. boat-shaped ;
no hair

terminal on L.P.

ditto

2 equal ; L.P. broad and
boat-shaped

terminal on L.P.

2 L.P. longer, boat-shaped,
slight keel, hair all over;
U.P. hair on margin

glumes and L.P.
have awn points

glumes as long or longer than spikelet;
spikelets broader than Italian or
Perennial

known ; some hybridize with some
wheats

numerous closcly related forms are

2 nearly cqual ; L.P. boat-
shaped ; covered velvety hair

short point on

N

U.P. bifid at apex

2 equal on all spikelets ; those
of mid spikelet boat-shaped ;
others bristle

central spikelet ;
glumes and I..P.
terminal; laterals
L.P. terminal

2 equal

the flower of central spikelet only is
fertile

margins

base

L.P.

terminal on L.P. | ditto
hair on dorsal nerve and | none the spikes arise at one level on top of
culm, and are ncarly erect
2 nearly equal ; hairless none allied to meadow -grasses ; grows
usually in wet places
2; L.P. longer, with mid-rib | awn-point or | a sand-binding grass of the seashore ;
toothed, and tuft of hair at | short awn on | silky hair on the slender rachilla

2; L.P. larger, globular, sil-
very membrancous; U.P.
smaller linear

rough terminal
on both glumes

the inflorescence quite spike-like,
harsh to the touch; many forms
differing in form and cytologically
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TABLE V

NaMEe

Form of INFLORESCENCF
and Arrangement of
SPIKELETS

No. of
F lo_wers

in
Spikelet

No. and Character
of the GLUMES

-

Meadow Foxtail panicle branches short, 1 2 equal; broad, both
almost a spike ; spikelets keeled ; apices acute ;
close packed all round soft hair all over
rachis

Slender Foxtail ditto 1 as above, but keels

only slightly hairy

Tloating Foxtail ditto 1 2 equal ; both keeled ;

apices blunt; keels
fringed hair

Canary Grass egg - shaped, spike - like 1 2 pairs ; inner small,
panicle ; spikelets .close narrow, boat-shaped ;
packed all round rachis outer large, keeled ;

winged membrane on
keel

Wood False Brome panicle branches short, 7-15 2 cqual ; broadest at
erect, and close to rachis ; base ; hairy
spikelets terminal on
branches

Heath False Brome or | ditto 8-12 | U.G. twice length of

Tor Grass L.G.; mid- and inter-

veins well developed

Sweet Vernal Grass panicle, 2-3 short, erect 1 2 pairs, outer ; linear,
branches at each ““ node ”'; acute, sparse, yellow
spikelets terminal hair, inner; equal,

keeled ; dense brown
hair

Heath Grass simple panicle ; spikclets 3-4 2; L.G. longer than
terminal U.G.; both rounded,

hairless membraneous

Crested Hair Grass compound panicle ; 2 2 cqual length; L.G.
branches short and erect ; narrow ; U.G. broader;
spikelets in tufts at tips of both keeled, hairy
branches

Purple Molinia compound panicle ; 2-4 2 equal, linear, pointed,
several primary branches hairless ; pink to purple
at each “ node ” ; spike- colour mostly at margin
lets diffuse

Sheep’s Fescue compact, one-sided com- 4-6 2; L.G. shorter than

) pound panicle ; spikelets U.G.,, hairless
diffuse
Rat’s-tail Fescue compact, one-sided com- 5-6 2; L.G. slightly longer

und panicle ; primary
ranches long, second-
aries short

than U.G. ; both linear ;
U.G. 3-nerved
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continued

No. and Character

when young, shmmg when
ripe

of the PALEs Awss Nores
U.P. missing ; L.P. keeled sub-dorsal on | the inflorescence quite spike-like (see
L.P. Plate 43) ; soft to the touch ; flowering

early in spring

ditto ditto inflorescence rather harsh to the
touch

ditto ditto inflorescence about 1 inch long, and
very slender ; spike-like

2 equal ; apices acute ; hairy | none inflorescence light green when young ;

paper white when ripe

2; U.P. shorter than L.P.;
U.P. rounded apex ; hair on
veins

short on both
glumes, long ter-
minal on L.P.

each spikelet as long as the distance
between insertion of two branches;
rachilla hairy

2; L.P. rather longer with

short terminal

ditto

L.P.

hair on margins ; U.P. apex { on L.P.
square cut
2 equal, keeled, smooth, shin- | inner glumes; | flowers with two stamens only, flower-
ing straight dorsal on | ing early in spring. Puel’s S. Vernal
lower; kneed ; | has yellow inner glumes, and is an
twisted dorsal on | annual
upper
2; L.P. larger than U.P., | none few (2-6) spikelets per head
membraneous, inflated
2; L.P. rather longer ; U.P. | none flattened spikelets in tufts resembles
folded in on flower, and mar- cocksfoot, but branches of the rachis
gins fringed short
2 equal ; L.P. linear, keeled, | none rachilla of each flower is kneed when
pointed, Bmk especially at ripe, and terminates in a disc fringed
margm P. narrow, colour- with hairs
2; L.P. boat-shaped, hairless | awn point on , there are many forms of this grass,

mostly perennial

2 equal, linear, rough

long, terminal

on

each flower has one stamen only, and
the plant is an annual
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TABLE VI—SUMMARY OF THE FLORISTIC

11 THOSE GRASSES IN WHICH THE

No. oF
N Frowkers No. AND CHARACTER OF
AME IN THE GLUMES
SPIKELET

Brown Bent or Velvet 1 2 unequal; acute keel on L.G. saw-

Bent-Grass toothed

Brown-top, Colonial Bent 1 2 almost equal ; acute apices; keel of

or Rhode Island Bent-Grass 1..G. saw-toothed on upper half only

Silky Bent Grass 1 2 L.G. longer than U.G.; hoth linear ;
L.G. saw-toothed on upper half of keel

Reed Canary Grass 1 2 equal, both kecled, apices acute, and
surfaces smooth

Yorkshire Fog 2 2 nearly equal in length; U.G. broader;
both compressed, keeled and hairy all over

Creeping Soft-Grass 2 differs from above; in G.s more acute
apex, not so hairy, keels toothed, U.G.
narrower

Tall Oat-Grass 2 25 both with short hairs; U.G. larger,
with one nerve ; L.G. smaller, with three
nerves

Wavy Hair-Grass 2 2; L.G. shorter, both keeled, acute apices ;
membraneous, white and shining

Tufted Hair-Grass, Tussock 2 2, both keeled ; L.G. shorter and narrower,

Grass apex bifid, lower dorsal region purple-red ;
U.G. longer with acute apex

Golden Oat Grass 2t03 2 ; both narrow ; keeled with acute apices
pale yellow, membraneous

Wild Oat Grass 2t03 2 nearly equal; slight keel; thinly mem-

braneous, inter-nerves well marked
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CHARACTERS OF SOME COMMON GRASSES

INFLLORESCENCE IS A TYPICAL PANICLE

No. AND CHARACTER OF

hair on base

terminal on L.P.

‘THE PALES Awns Notes

1; U.P.absent or rudimentary ; | fine; dorsal on ||

L.P. 3 times longer than broad ; | L.P. the bent grasses all have light,

smooth, glossy graceful, open compound pani-
cles ; branches at flowering dis-

2; L.P. 3 times longer than | none tributed all round rachis; all

broad ; margins overlap ; mar- thave one-flowered tiny spike-

gins of U.P. basal tuft of hair Icts ; the different characters
vary considerably between differ-

2; L.P. boat-shaped tuft of | very long; sub- ||ent forms; the three members

shown here are fairly typical

2 equal, boat-shaped ; L.P.
glossy, hair on margin; U.P.
upper margin fringed hair

none

two lateral tufts of hair at base of

the culm 3-6 ft. high;
panicle plume-like ; plant usually
on wet land or in water

L.P. (both flowers) larger and
deeply keeled ; shining

short, terminal on
L.G.; *fish-
hook ” sub-ter-
minal on L.P. of
upper flower

ditto

kneed on L.P. of
upper flower

the Lower flower BISEXUAL,
upper flower male only; the
male flower is smaller ; the awn
difference is diagnostic ; the
inflorescence is spreading only
at flowering time

2 equal, boat-sha})cd; apices
ragged ; margins fringed hair

long, kneed sub-
dorsal on L.P.
lower flower, and
sometimes sub-ter-
minal on L.P.
upper flower

the upPER flower BisEXUAL, lower
flower male only ; the awn is
straight in young flowers. and
becomes twisted and kneed at
maturity

2 equal length ; apices acute,
split, and ragged ; L.P. broad ;
U.P. linear ; hair only on base
of rachilla

kneed ; twisted
basal on L.P.

the culm, rachis, and branches
fine and wire-like ; the plant is
smaller than its relative next
below, but spikelets are larger

2 equal ; L.P. boat-shaped ;
long hairs on rachilla and base
of L.P.

twisted and slight
kneed basal on
L.P.

large graceful inflorescence, culm
24 to 4 feet high ; whole plant

land

2; L.P. longer and broader ;
both ragged at apex; basal
tuft of hair on L.P.; hair on
rachilla

twisted and kneed
sub - terminal on

L.P.

branches crect, parallel with
rachis, except at flowering ; in-
florescence golden yellow when

ripe

very rough ; habitat wet, sour

2 nearly equal, acute apices ;
colour, straw to dark brown

twisted and kneed
dorsal on L.P.

related to cultivated oat, and
this, the “Fatua” type, often
appears in the crop
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TABLE VI

No. or
FLOWERS No. AND CHARACTER OF
Naue N THE GLUMES
SPIKELET
Perennial Oat-Grass 3tob 2; U.G. longer than L.G. pointed and
keeled ; upper margins of U.G. mem-
braneous
Common Reed Grass 3 2 ; narrow, acute keel ; intermediate nerves
well marked
Cocksfoot or Orchard 3to4 2; L.G. longer, acute keel, saw-toothed ;
Grass U.G. membraneous
Rough-stalked Meadow- 2104 9, U.G. larger; both keeled, saw-edge
Grass on keel
Smooth-stalked Meadow- 205 2; U.G. larger; both keeled ; top third
Grass or Kentucky Blue of keel of L.G. toothed
Grass
Wood Meadow-Grass 2tob 2 almost equal ; 1..G. 3-nerved, with slight
keel
Annual Meadow-Grass 3tod 2; L.G. shorter and broader and keeled ;
both with membraneous margins
Flat-stemmed Meadow- 4106 2; almost equal, keeled, purple colour
Grass or Canada Bluegrass
Reed Sweet Grass 51t 10 | 2; almost equal length ; apices blunt ; L.G.
narrower, keeled, with no intermediate
nerves
Meadow Fescue 510 10 2; L.G. shorter, narrower, more acute at
apex ; both membraneous in upper region
Field Brome Grass 7to10 2; L.G. smaller, with 3 nerves; U.G.
larger, with 7 nerves; both smooth ;
membraneous margins
Sterile Brome Grass 5to 10 | 2; L.G. shorter, narrower, almost bristle.
U.G. larger, membraneous, mid-rib well
defined and scabrid (no intermediate veins)
Upright Brome Grass 4t08 2 about equal, long, narrow; mid-rib

saw-toothed
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continued

~

No. AND CHARACTER OF
THE PALEs

AwNs

NortEs

2 equal, long, narrow, boat-
shaped ; L.P. membraneous at
marging and apex U.P.; all
membraneous

twisted and kneed
sub-terminal to
dorsal on L.P.

inflorescence simple and resem-
bles spike : rachilla hairy

2; L.P. lon;g-, narrow, twice
length of U.P.; its upper

margin fringed hair

2; L.P. keeled, longer than U.P.
by extent of awn point

2 about equal, L.P. keeled, web

none

awn point twisted
on L.P.

inflorescence first silvery violet,
later chocolate ; rachilla bears
long silky hairs; culm 5-8 ft.
high ; habitat aquatic

spikelets in dense tufts at end
of spreading branches ; a very
valuablc !op-grass

none topmost leaf of culm with long,

on base pointed ligule ; culm between
this leaf and first branch of in-
ﬂoresrencc rough

2 ; L.P. slightly longer, keeled. | none llgule topmost leaf of culm ;
rounded apex, dense web at short anc? blunt ; culm below
base inflorescence smooth
2; L.P. longer, keeled, acute | none inflorescence light and delicate ;
apex ; hair on margin and nodes on culm, narrow bands,
lower half of keel ; thin web deep violet colour
2; L.P. rotund on lower half ; | none culm about 1 ft. high ; flowers
narrow and tubular on upper all year ; very common
half ; soft hair all over ; no web
2 equal ; L.P. keeled ; hair on | none the tillers very flat, due to ex-
lower half of keel and nerves ; treme folding of leaves in the
web bud
2, almost equal length ; L.P. | none culm tall ; panicle spreading ;
broader, rounded at apex, aquatic or semi-aquatic habitat
veins prominent
2 equal length ; both round | none a close relative ; tall fescue is

apex ; L.P. boat-shaped

larger, coarser, and L.P. has
awn point

2; L. .P. flat, boat-shaped, upper
margins membraneous and
fringed hair; U.P. narrow
membraneous strap

mucronate on L.P.

rachilla bears hairs; a large
number of forms are known ; all
bromes except upright brome
have awn mucronate on L.P.

2, both long, narrow ; L.P.
margm overlaps margin of
U.P. ; distinct nerves

mucronate on L.P.
long

inflorescence graceful and droop-
ing; spikelets harshly down-
wards rough

2; L.P. longer ; pointed apex,
rough, hairy, distinct veins

terminal on L.P.

rachilla hairy

(485)
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TABLE VIL..-SUMMARY OF FEATURES USEFUL IN THE RECOG-
NITION OF SOME COMMON GRASS SEEDS

Small = < 5 mm. ; medium = > 5 mm. and < 7 mm. ; large = > 7 mm.
(length exclusive of awn when present)

NO AWN

SMaLL Sreps, KEELED

Annual Meadow Grass | Hair on nervesof L.P. No web; body of seed somewhat
globose on lower half, tapering on upper half

Canada Blue Grass Hair on lower half of nerves of L.P. and margins of U.P. ;
delicatc web

Wood Mcadow Grass Hair on lower half of kcel and margins of L.P. Apex
of I.P. pointed. Web present

Smooth Stalked Hair on lower half of keel and margins of L.P. Apex
Meadow Grass of I..P. blunt and ragch Web present

Rough Stalked Hair on lower half ol kce‘ of L.P. Apcx of L. P acute
Meadow Grass and keeled, not ragqed Web preset nt

Shelled Yorkshire Fog Few fine hairs at basc of L..P. Sxde view of seed oval.
L.P. smooth, \\hxtely transparent

Shelled Sweet Vernal No hair. Side view of sced sharply pomlcd L.P.
brown ; not transparent

SMaLL Seens, Rounp Back

Timothy (Herd’s) Grass | No halr ) sccd globose ; pdl(s silvery white

Quaking Grass No hair. L.P. inflated with membraneous margins ;
seed nearly as broad as long

Bent Grasses Basal tuft of hair; seed very small

Meadow Sweet Grass No hair. Apex of L.P. rounded off; dorsal nerve

toothed ; seed size often M

Canary Grass No hair when ripe. Apex acute ; L.P. glossy golden

Reed Canary Grass j Two lateral tufts at base of L.P. Apex not acute ; I..P.
glossy

Larce Seep, Rounp Back

No hair. Rachilla 4-angled in T.S. Sides straight and
not parallel

Perennial Ryegrass

Meadow Fescue No hair. Rachilla cylmdncal ; sides parallcl and termi-
nates in a knob

Awnless Brome Grass Hair on rachilla, the nerves of L.P. and margin of U.P.

(The two last | members of this group may show a slight awn point)
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AWN POINT

Purple Molinia

SmALL SeEep KEELED

No hair. L.P. and U.P. stand apart—side view of
seed shows bifurcate apex. Rachilla kneed and
terminates in a knob ; seed nearly medium size

SmaLL SFED, Rounp Back

bheep s Fescue
(large sense)

No hair. Awn point not twisted or scabrid

Dogstail

Cocksfoot

No hair. L.P. twists on itself to form awn point, w}nch
is scabrid ; seeds yellow to chocolate

MF.DIUM, KEer1LED

%nff lmnrs or scabud teeth on upper part of L.P. keel
L.P. twists to run into awn polnt

‘T'all Fescue

L.LARGE, Rounp Back

No hair. Seed sxmxlar to M. }‘escuc exce pt for awn pomt

Couch Grass

No hair Rachilla stout, concave at top

Sea Lyme Grass

Hair all over L.P., rachilla and margins of U.P.

Common Reedgrass

Hair on rndrgms of U.P. and rachilla. L P twice as long
as U.P

U

TERMINAL AWN

MepiuM, Rounp Back

Wall Barley Grass

Hair on margins of glumcs Seed consists of a central
fertile spikelet and of lateral sterile spikelets

Rat’s-Tail Fescue
(Hair Grass)

No hair. Seed very slender and L.P. tapers gradu-
ally into a very long awn

LarGe, Rounp Back

Moor Mat Grass

No hair. L P. twists into long awn point or terminal
awn. Prominent mid nerve may suggest keeled

Italian Ryegrass

No hair. Sides of rachilla curved. Awn sometimes
missing when apex L.P. is ragged

Wood False Brome

Hair on rachilla and margins of U.P. Awn long and
serrate. Rachilla concave at apex
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Terminal Awn—continued

TABLE VII

LARGE, KEELED

Erect Brome

Hair on L.P. and rachilla; seed long and narrow.
U.P. acute apex. Keel due to prominance of mid nerve
of L.P.

Schrader’s Brome

Hair on margins of U.P. Seed very large. Awn short,
keel scabrid

SUB-TERMINAL AWN

SMaLL, Rounp Back

Silky Bent Grass

Hair a basal tuft. Awn four times as long as seed

MepiuM, KEELED

Yorkshire Fog
(not shelled)

Hair all over. Seed, two sharply keeled glumes enclosing
two florets. Upper floret’s L.P. carries awn, shaped
when ripe like a fish hook

LarcrF, Rounp Back

Field (Soft) Brome

Sparse hair on L.P. Seed broad and open. Apex of
L.P. bifid with awn rising from base of notch

Darnel (Drake)

No hair. L.P. flatly bifid

Larce, KEELED

Marram (Sea Mat)
Grass

Hair on margins of U.P. Awn very short and recurved

DORSAL AWN

SMaLL, Rounp Back

Velvet Bent

Hair a basal tuft. Inner pale absent or reduced. A
very small seed

SmaLL, KeeLep

Sweet Vernal Grass
(not shelled)

Hair, dark brown, on glumes. Seed consists of inner
pair of glumes and one caryopsis enclosed in pales.
Straight awn on L.G. ; twisted and kneed awn on U.G.
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continued

Dorsal Awn——continued

MepiuM, KeeLED

Golden Oat Grass

Hair on rachilla and a basal tuft. L.P. bifid. Awn
twisted and kneed. Long narrow seed

Meadow Foxtail

Hair, soft, on keel. Seed = spikelet + L.G., L.P., U.P.
(no U.G.). Awn on L.P. projects beyond glumes

LArce, Rounp Back

Wild Oat Grass

Hair on lower half of L.P. and on rachilla, basal tuft.
Awn long, twisted and kneed. Occurs often in crops of
cultivated oats

Perennial Oat Grass

Hair, basal tuft and on rachilla. Awn twisted and kneed

Tall Oat Grass

SUB-DORSAL OR BASAL AWN

Wavy Hair Grass

Hair at base and on rachilla. Seed consists of two
florets, i.e. spikelet minus glumes. Awn long, twisted and
kneed on L.P. of lower floret, and a short straight awn
on L.P. of upper flower

SMaLL, Rounp Back

Larger of the three. L.P. ragged or bifid at apex. Awn
twisted and kneed longer than L.P.

Tufted Hair Grass

Mid size of these three. L.P. ragged at apex. Awn
twisted and kneed not longer than L.P.

Silvery Hair Grass

(Note all the hair

Smallest of these three. L.P. bifid. Awn twisted and
kneed, twice the length of the L.P.

grasses have hair on the rachilla and a basal tuft)
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SPECIAL ASPECTS OF INFLORESCENCE

somewhat confused. In order to simplify reading, the parts as
named here are tabulated, and some of the equivalents commonly
used are placed opposite.

InFLOREsCENCE . . FEar. Head

RacHis . . . . Axis of ear. Axis of inflorescence

RacHILLA . . . Axis of spikelet

GLUMES .. . Emptyglumes. Flowerless glumes. Sterile bracts

Pates . . . . Palee. Flowering glumes. Glumellas, Fertile
bracts

Lower PALE . . Glumella. Lower or outer glumella. Flowering

glume. One-nerved scale. Lemma. Inferior
palca. Palet

UPPER PALE . . Upper or inner glumella. Palea-pale. Superior
palea. Two-nerved scale. Prophyll or brac-

teole. Valvule
LLoWER PALE, PLUS

UPPER PALE, PLUS
FLOWER . . . Floret

FLower with BoTH Perfect flower, two or bi-sexual flower. Herma-
STAMENS AND CARPEL phrodite flower

FLOWER WITH STAMENS

ONLY . . . . Sterile, imperfect, or male floret
LopicuLes . . . Scales or perianth of flower. Paleola
AwNn . . . . Beard. (Awned grasses are described as bearded)
Caryopsts . . . Grain fruit. Kernel. Berry (of wheat)
“Seep” . . . Caryopsis only, or C. plus pales, or C. plus pales

plus glume plus rachilla, or whole spikelet, de-
pending on type

SEEDs IN GENERAL AND THEIR USE IN AGRICULTURE

Seeds in general enter into agricultural practice in many ways.
They are often the ultimate product of the crop and are either
marketed as such or consumed directly on the farm.

The “seeds ” of the cereal grasses—wheat, barley, oats, rye,
maize, and rice—are all one-seeded fruits and provide a great
proportion of the total food of the world. In this regard they are
closely followed by the true seeds of the pulses—peas, beans,
lentils, etc.

Much of the oil used in the world for paint, soap, fuel,
lubricant, margarine, and so forth is obtained from crushing
oleiferous seeds, such as those of oil-rape, linseed, etc. The
residue remaining after oil extraction is often rich in protein and
carbohydrate, and comes back to the farmer as a meal or cake
for use as cattle-food. Depending on the method of crushing and
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extraction, a proportion of the original oil content is found in the
residue.

Some seeds, like those of cotton, bear hairs of considerable
commercial value. Cotton seed supplies hair for spinning, oil
for many purposes, and a valuable cattle food.

On the other hand many “ seeds * have a negative importance.
Weed seeds occurring as impurities in a marketed product such
as grain reduce the value of the material and add to costs when
they have to be cleaned out. ““Sceds” with adjuncts for dispersal,
such as hooks and spines, when lodged in wool are very difficult
to remove and also reduce values and add to costs.

Seeds used for Sowing

<

The most significant aspect of the ‘ seed ” in agriculture, how-
ever, is to produce a new crop. In this connection the farmer
may appear as either buyer or seller. It is when he appears as
a buyer that special problems present themselves. When pur-
chasing seed of any kind for sowing the farmer usually has four
desiderata in mind.

Firstly, the consignment must be as free as possible from
everything other than the seed he wants. In other words, the
seed sample should be as pure as possible. When analysed it
should show a high analytical purity. There should be few or
no weed seeds present nor pieces of useless dirt.

Secondly, as much as possible of the seed of the kind bought
should be capable of vigorous germination and produce normally
developed plants. The percentage germination should be high.

Thirdly, the plants which develop should possess character-
istics inherited from their parents which suit them to the farmer’s
purpose. The genetical constitution of the embryos in the seeds
should be all alike and suitable. They should all be derivatives
of a proper strain.

Finally, the seed should be free from disease.

Seed Control

The amount of impurities, weed seeds, dirt, and so on can be
evaluated before purchase ; so can the ability of the seed to grow.
The presence of disease in the consignment, too, may often be
recognized. In most countries, specialist seed analysts ascertain
the relevant facts, and the data come before the buyer in the form
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PLATE 49 BROKEN SEEDLINGS

The upper photograph shows a type only slightly abnormal :
the lower group should be compared with Fig. 93
(Photo : Messrs. Sutton and Sons Ltd.)



PLATE 50 BROKEN SEEDLINGS

Soil tests with broken seedlings. (a) and () are equivalent to (a) and (b)
in Fig. 93. Note that plantlet (B) is small owing to loss of cotyledonary
food reserve ‘



PLATE 51 CLOVER SEED TYPES

The almost egg-shaped form seen
in Crimson Clover, etc.

The intermediate shape seen in Red
Clover, etc.

The heart-shaﬁe typical of White
and Alsike Clover, etc.

In shape wost Clover seeds fall into one of these three classes



PLATE 52 STARCH GRAINS

Compound grain seen in Rice



SPECIAL ASPECTS OF INFLORESCENCE

of a certificate or declaration presented prior to completion of
the purchase. Caveat emptor, ‘‘let the buyer beware,” is an
axiom of the common law of purchase and sale in most countries.
He has to satisfy himself that the goods purchased are what he
wants and worth, to him, the price he pays for them. In many
countries the law as regards seeds departs from this idea, and
by statute compels the seller to declare to the prospective buyer
such particulars as are thought to be necessary and which the
farmer by the exercise of reasonable skill cannot ascertain for
himself.

Some countries go very far in so protecting the seed-buying
farmer. The position in the United Kingdom will serve as an ex-
ample with which others may be compared. Here, the regulations
made under the Seeds Act of 1920 define the position as it applies
to sales within these islands. The regulations cover most of the
commonly used agricultural seeds both for arable and pasture
crops. With only one exception, no part of these regulations
prohibits the sale of sced no matter how inferior. They merely
insist that the buyer must be given certain significant information
regarding a proposed purchase of such kinds of seeds as the
regulations apply to.

The one prohibition lies in this, that it is constituted an
offence to sell or knowingly sow any lot of seed containing more
than five per cent. of injurious weed seeds. These are the seeds
of docks, sorrels, species of geraniums, brome grasses, Holcus, and
wild carrot. All of these which are present are taken together
in arriving at the injurious weed seed content of the consignment.

The seller of seed, therefore, must procure all the required
information, and this is obtained by submitting to an official seed
analyst a sample which in size and composition truly represents
the consignment. Official seed-testing laboratories are main-
tained at Cambridge, Edinburgh, and Belfast. Some of the
large seed firms are licensed to carry out official tests for use in
their own business.

Seed Analysis
Purity Test

On arrival at a seed analytical laboratory the sender’s sample

is reduced to a size handy for analysis. This is accurately weighed

and is then examined seed by seed. Anything found which is not

a complete seed of the kind the sample purports to be is put
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to one side. These impurities are then classified in different ways,
as, for example, into ““other crop seeds,” *“ weed seeds,” *“ injurious
weed seeds,” and ‘‘inert matter.”” This later class is usually
composed of little stones, little bits of straw, empty pales and
glumes, etc.

The pure seed and each of the different classes of impurity
are then weighed separately. The amount of each in the con-
signment is calculated as a percentage. It is to be noted that the
‘ percentage purity ” in the analyst’s declaration is the percentage
by weight of the seed which the consignment purports, or is
declared, to be.

Germination Test

The next step in analysis is for the pure seed to be counted into
several small lots, usually individual one-hundreds. Thdse
hundreds are then set to germinate under conditions known to
be as near as possible ideal for the particular kind. For example,
some kinds are placed on a blotting-paper pad supplied with a
steady and carcfully adjusted water-supply and then kept in an
incubator maintained accurately by a thermostat at the * best ”
temperature. Every seed in the several hundreds is given every
chance to germinate. After a definite period under those artificial
conditions, the hundreds are ecxamined and the seedlings which
have developed counted and destroyed. Any seeds which have
not germinated are returned to the incubator and given a further
chance. After this second period the seedlings present are
" enumerated. Thus there are at least two counts for every single
hundred. The first count figures for all of the individual hundreds
are averaged and noted as the ‘ first count ”’ percentage. The
figures of each pad at first count have added to them later those
from the second count, and these are also averaged to provide
the ‘ total germination ’ percentage, sometimes called the * final
count ” or simply the ‘ percentage germination.” It is to be
noted that the germination percentage is one based on a count,
not like the percentage purity which is based on weight.

Special Data Sometimes Demanded

These two figures of purity and germination constitute the

principal information the analyst elicits from the sample, and

which is conveyed to the sender. Other information has to be

given only in special cases laid down in the regulations. For
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:xample, the percentage by weight of ““ suckling ” clover found
in the purity test must be declared separately. The number of
seeds of dodder in a minimum weight of seed has to be declared
when present in clover, timothy grass, etc.

¢ Country of Origin® or Provenance

One other piece of information is required in regard to many
kinds of seeds. The seller, when submitting the seed for analysis
and to his customers, must declare the ‘ country of origin” or the
district in which the seed had been produced. The analyst checks
this by noting the kinds of weed seeds present, or the nature of the
inert matter found, and should any of it indicate that the con-
signment has come from an area other than that declared, the
fact is reported. The seeds of many weeds and certain kinds of
earth or stone are typical of a special country or area, and do not
occur in seed produced elsewhere. Attempts at fraudulent repre-
sentation that a consignment is from a good producing district
when in fact it is from an area producing a less valuable strain
are controlled to some extent in this way. The method is not
infallible. For example, it is well known that at one time certain
continental sellers offered red clover seed of Italian origin (not a
useful strain in this country) free of indicator impurities. No
good seed firm stoops to such fraudulent practice. In some
countries (not Great Britain), all imported seeds are stained with
a conspicuous dye prior to admission at the ports.

The British farmer, then, when purchasing any of the seeds
to which the regulations apply, must be told (a) the analytical
purity (not in cercals) ; () the germination capacity ; (¢) the
percentage of injurious weed seeds present ; (d) in some cases the
country of origin; (¢) in some cases the presence of dodder ;
(f) in some cases the weight of a bushel of seed.

VALUATION OF SEEDS

Having decided on the kind of seed and the country of origin
or strain which is to be purchased, the buyer should obtain the
analytical data and then examine the seed for himself. The
colour should be bright and typical of the kind. This may vary
naturally between different consignments. For example, some
strains of red clover may be almost butter-yellow, others reddish-
purple, while others again are of such a deep purple as to appear
217



PRINCIPLES OF AGRICULTURAL BOTANY

nearly black. In the case of dogstail grass seed, the colour may
vary from an attractive bright lemon yellow to a less pleasing
deep chocolate. The yellow colour indicates that the seed was
harvested in a rather young and somewhat immature condition,
and often the chocolate-coloured seed is the stronger in germina-
tion and subsequent growth.

The seed should look bright but have no oily shine. It is
known that old seed may be improved in appearance by a coating
of mineral oil. When oiling is suspected a few of the seeds should
be rolled on a piece of clean, white blotting-paper. Oiled seed
will leave a characteristic stain.

The smell should be pleasing, and some classes of seed when
fresh have special scents of their own. The smell of honey
associated with seed of white clover is well known. A sample
that smells of mould should be rejected except in the case of
Rhenish tall fescue. This seed is harvested on the lands adjacent
to the River Rhine and invariably smells of damp or mould.
Tall fescue seed which does not smell slightly of mould is probably
of an origin other than Rhenish.

The Purity Figure

These points attended to, the purity figures should then be
considered. In general, the higher this is the better, but the
highest may not be the most satisfactory. Consider three samples
each of g5 per cent. purity ; in one, the impurities are inert
matter of various sorts ; in the second, virulent weed seeds ;
in the third, ‘ other crop seeds > of useful kinds.

It is rare to be faced with a comparison when the decision
is so clear cut, but often the nature of the impurities is of
greater significance than the purity figure itself. It should be
remembered in this regard that what looks like a quite insignificant
percentage figure for the occurrence of a weed seed may mean
quite a high incidence when sown. For example, it has been
computed that one per cent. of dock seed in a grass seed mixture
with normal sowing rates supplies ten or more dock per square
yard. With a weight percentage such as applies in the purity
test, one per cent. of a small-seeded weed in a consignment of a
large-seeded crop plant supplies many more individuals per square
yard of land sown than does the same percentage when the weed
seed is large and the crop seed small.

218



SPECIAL ASPECTS OF INFLORESCENCE

The Germination Figure

Like the percentage purity, the percentage germination should
be as high as possible. The percentage declared is calculated
from all the seeds capable of germinating during quite an
extended period under ideal conditions. As long as twenty-eight
days may be allowed for the germination of such seeds as those
of the meadow grasses. The germination percentage indicates
the proportion of the seeds in the consignment which are not
dead, and is not directly referable to what will happen under
field conditions.

Fully viable  energetic ” seed germinates promptly under
test, and because of its superior vigour may be expected to do
better in the soil than a slower lot. The “ first count,” therefore,
may be a better guide to the value of the seed than the final
figure.

As an example, consider two samples both having a final
count figure of g8 per cent. One shows a first count of 97 per cent.
and the other only 65 per cent. There is no doubt which is the
better purchase. The figures chosen for the example may be
somewhat extreme, but somewhat similar cases do occur.

Swollen Seeds

The nature of the seeds which do not germinate in the test and
so reduce the final figure may tell quite a valuable story. If the
percentage which merely swelled up and rotted off is high, then
the “life force’ in the ones which did germinate may be low
due to bad harvesting, wet weather, old age, etc. The presence
of a high proportion of *swollen seeds” in a test is generally
a bad sign. It may be that the ‘ swollen * seeds are quite alive
but are *“ dormant.”

Hard Seeds

In clover samples, two other classes of seed may appear in the
germination test. The first of them are known as hard seeds.
These, due to some idiosyncracy of the testa, cannot imbibe
water and so remain hard when wetted.

These hard seeds are alive and, if lightly scratched, will subse-
quently admit water through the abrasion and germination follows
promptly. When a seed merchant has a consignment of clover
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showing a high percentage of hard seeds, he passes the whole
consignment through a cylinder lined with carborundum. This
abrades the seed (hard or not), and the percentage of * hards ”
is reduced to quite a small figure.

There is no doubt that hard seeds, given time, do germinate
in the soil, and many authorities consider they should be regarded
as at least partially useful. Those of this opinion suggest that a
fraction, say one-third or one-half, of the hard seed percentage
should be added to the germination final figure. ‘ Hards,” in
short-term leys at least, germinate too late to establish themselves
and compete with the fully grown plants produced by their
non-hard fellows. For this reason alone it is probably best to
declare the ‘ hards > separately and let each buyer decide their
value to him for himself. Other kinds of dormancy are discussed
on pages 386 to 388.

Broken Seedlings

The other impurity commonly found in clover seed germination
tests is the broken seedling. ‘This occurs when the young seed-
ling emerging from the secd coat is seen to be in two or more
parts. Some authorities hold that the broken seedling is the
product of the more cnergetic seed, which, stimulated by the
too good conditions of the testing station grow so quickly that
they shatter. Others hold that the broken seedling is produced
by seeds fractured or internally damaged by machining, especially
abrasion. Both causes probably contribute. Seeds of trefoil
carefully separated from the husks by hand, and quite undamaged,
put to germinate at a little too high a temperature with a little
too generous water supply will produce broken seedlings. On

Q2

Fic. 93

Points of breakage in broken seedlings
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the other hand, it has been conclusively shown that mechanical
abrasion of large ‘“ bold ”’ seed of red clover does lead to an
increase in the percentage of broken seedlings found in subse-
quent tests. No matter how caused, the practical question turns
on the value of broken seedlings if the seed is sown in soil. It is
very doubtful if they survive in the rugged conditions of the field
seed bed.

Real Value (R.V.)

Having dealt with these various points, the buyer may be faced
with the dilemma of choosing between two samples equally
attractive, but in one the purity is low while the germination is
high ; in the other, both figures are intermediate or reversed in
value. How may such samples be compared ? The most useful
figure is that known as the Real Value (R.V.) got from the
percentage purity figure multiplied by the germination percentage

and the result divided by 100, R.V. — L&

This is a per-

centage by weight multiplied by a percentage by number, and
is to some extent fallacious. In actual practice it can be shown
that comparisons of the R.V. of samples is quite valid, provided
neither of the component figures is abnormally low. So long as
the figures are about the levels usual in good-class trade, com-
parisons by this method are very useful.

Establishment Value

How far is all this information applicable to what takes place
in the field ? As regards the purity the main figure has little
bearing ; it merely shows up the actual amount of true seed
being obtained. One hundred pounds of red clover seed, 95 per
cent. pure, supplies only 95 lb. of red clover, and therefore sowing
rates must be adjusted accordingly.

As regards the germination figure obtained from the analyst,
it should be recognized at once that this merely shows within
a small limit of error how many seeds in the consignment are
not dead or dormant. It does not indicate how many seeds will
germinate and survive in the soil. The proportion of seeds shown
as viable by the test and which actually produce plants in the
soil is small. This is clearly recognized by practical farmers,
who usually sow more seed than is required theoretically. For
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example, it is quite €asy from the number of viable seeds known
to be in a pound of any kind, and the number of adult plants
of the same kind that is required to cover an acre, to calculate
the number of seeds required to sow an acre in pure stand so
that all the land will be occupied.

This theoretical figure is often used in compounding grass
seed mixtures in desired proportions, but it is always raised by
at least half as much again to allow for deaths and failures.
That even such boosted sowing rates are not enough is brought
out by fthe results of experiments detailed in the table on pages
390-391. As is shown, only a few of the larger, more aggressive
seeds produce plants near to the theoretical arbitrary figure.

Strain and Country of Origin

The information given in the seeds certificate regarding country
of origin implies that seed of the same kind but from different
districts may be of different strain and of different value. One
country may have the kind of climate that produces a hardy,
long-lived, productive strain of plants, while the other has a soft,
genial climate which permits the natural selection of less hardy,
less productive plants ; for example, red clover seed from the
hills of Wales compared with red clover from the south of Europe.
Information as to the country of origin in regard to many kinds
of seed does give a clue to the strain of plants involved, but is
subject to a certain amount of qualification and applies more
especially where the seed has been produced from truly indi-
genous plants. When mother-seed from a ‘‘ hardy ” district has
been transported to a genial climate, there sown, grown, and
used to produce a seed crop, the seed so obtained will be none
the worse for the migration and a crop grown from it will show
all the characteristics of the original strain. Conversely, seed of
a weak, non-hardy strain got through to a seed crop in a less
genial area will not produce hardy progeny. In short, seed
“ once grown ” will keep the character of the parents, for natural
selection takes more than one generation to produce a definite
strain.

Again, good strains of a plant are worth more money than not
so good ones, and unscrupulous dealers may substitute one for
the other, or mix a proportion of the cheaper with the dearer
and omit to make a fair price adjustment or tell the buyer. The
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seed analyst can only counter this partially, and the real safe-
guard for the farmer lies in dealing with a reputable merchant.

Blended Seed

Some buyers throw away what protection they have in this way
by buying seed declared to be “ blended.” It may be that the
blend is of the * best sorts,” but there is no guide as to the pro-
portion of the ¢ best ” present with the ‘ not so good.” Blended
seed of mixed country of origin cannot be a bargain unless
bought at a price as low as the lowest for that kind in the market.

Strain Testing

In some countries the seed control carries this question of strain
very much farther. For example, in parts of Europe samples
are drawn from consignments as they are delivered to farmers
by the retailer, or as the seed lies exposed in the retailer’s premises.
These samples are sown in trial gardens, and if the plants produced
do not conform to description, punitive action is taken against
the seller. -

A rather better system occurs when some authority such as
a governmental agency or a properly organized seed-growers’
association recognizes authentic consignments and arranges for
their marketing under control. Certification schemes of this
nature are common all over the world, and deal with many
different kinds of seed.

CATTLE-CAKES AND MEALS DERIVED FROM SEEDS

Seeds are often sold out of agriculture to become the raw material
of various manufacturing processes. Common examples are the
seeds with a copious fatty reserve which are bought by seed
crushers for the extraction of the oil. The interest of the agri-
cultural botanist most usually focuses on these when the residue
from such manufacturing processes returns to agriculture in the
form of cakes and meals to be used as food for cattle or as organic
manures. Cattle foods from various seed sources vary in quality.
Some are more valuable than others, and there are price differences
between them. Substitution or adulteration of the more valuable
by the less valuable may easily be detected by purely botanical

methods. In the grinding, rolling, and extraction processes used
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on the seeds the fine structure is never wholly destroyed. Usually,
the resistant seed-coats or fruit-walls, while reduced to small
fragments, are otherwise unaltered. The starch grains, too, often
remain quite well defined. Characteristic fibres or hairs, such as
those from the epidermis of the cotton-seed, may be still quite
recognizable.

Identification of the Seed Source of a Cattle Cake or Meal

Examination of the hand specimen in some cases will establish
the presence of certain ingredients. For example, the mahogany-
coloured external wall of linseed or the hairs in cotton-seed cake
are easily recognized. The smell may reveal others. For example,
fenugreek is often added to food quite legitimately as a spice,
but sometimes o mask the smell of mould.

Mere examination of the hand specimen is not the end of
the matter. For complete confirmation of an identification the
material should be subjected to microscopic analysis. This is a
large and specialized study, but the principles are capable of
brief statement. The small units of the cake are separated out,
using water or another suitable solvent. These may be macerated
to reveal their fine structure ; parts sufficiently large may be
selected and sections cut, or starch grains and other cell contents
may be isolated. From these, different microscopical prepara-
tions are made.

The Shape and Character of Starch Grains

Starch grains from different plants are often very characteristic.
They are found in two different forms, simple and compound.
Examination of a simple type such as that from the potato shows
a shape reminiscent of the shell of the common marine mussel.
A dark dot, the hilum, is seen in a position near to what may be
likened to the ‘“ hinge end ” of the mussel shell. A series of
concentric lines or striations surround the hilum, following paths
parallel with the edge of the grain. This is a very typical starch
grain.

If the starch from rice be examined it is seen to be compound.
In this case there is more than one hilum present, and each dot
is surrounded by its set of striations. The compound grain is in
effect a number of simple grains remaining together and forming
a “ colony.”
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Structure of Seed-coats and Fruit-walls

Turning to the fragments of seed-coat and fruit-wall which may
be present, it will be remembered that the testa is a development
of the two integuments of the ovule following on fertilization,
while the fruit-wall is a development of the ovary-wall. The
changes which take place in these structures may be quite pro-
found. The parts when isolated from the main bulk of the cake
or meal may be studied in surface preparation or in section.
Usually the most satisfactory section is one perpendicular to the
surface of the seed. This, the vertical section, shows the various
cell layers of the tissues at different levels, very much as one
might see the rooms of a building partially destroyed by bomb
damage. In the case of the surface preparation under the micro-
scope, by focusing upwards and downwards, different levels in
the structure may be examined. This is equivalent to looking
downwards through the different flats of a building with the
roof, floors, and ceilings made transparent.

It is not possible here to discuss all the different forms of
cattle food which may come into agriculture, but two examples,
the first involving a true seed and the other a fruit, will be dis-
cussed in order to illustrate the methods used.

The Seed Coat of Beans

Beans of two different genera are used for cattle food in the
form of meal. Those are the horse bean and broad bean (members
of the genus Vicia), as opposed to the haricot and runner beans
(members of the genus Phaseolus). In vertical section of the testa,
the various members of both genera show a very typical con-
struction. It is composed of a number of layers of cells. Each
layer is uniform and made up of characteristic elements.

The outermost or surface layer is like a palisade. The
individual cells of this palisade are long in the vertical line and
narrow in a line parallel to the surface. The lumen of each is
reduced, due to wall-thickening, and each contains a well-
defined nucleus, with dried-out protoplasm. The next layer
downwards is called the columnar layer, and the component
elements sometimes called hour-glass cells, because of their
peculiar shape resembling the old-fashioned sand-glass. Between
each is a characteristic intercellular space. Beneath this there
are other layers of cells, none being very characteristic.
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Those at least in the deeper layer probably represent persistent
elements of the not completely absorbed perisperm and/or
endosperm.

Structure of the Testa in Horse Bean

The details of the sections from different beans is revealing.
Firstly, the seed-coat of horse bean is quite distinct from all the
others, by reason of the size of the individual cells. The coat is
about three times as deep in the vertical line as any member
of the haricot class.

Structure of the Testa in the Various Kinds of Phaseolus

Comparing the different members of the Phaseolus group, the
chief interest lies in the columnar layer.

Based on differences in structure of this layer, these beans
fall into three main types. Firstly, there are those where the
cells of the columnar layer are of the classical hour-glass shape.
Five kinds known to occur in trade have so far been examined
in this group, and the differences between them are quite distinct
and readily recognized in section. The most prominent differences
between the members of this group lie in the shape of the cavity
of the palisade cells and the arrangement of the hour-glass cells.
A second group includes only Burma bean—a poisonous form
sometimes the cause of deaths in cattle. Here, the columnar
cells are irregular, and are like an hour-glass with the lower
bulb cut off. One student has described this layer in Burma
bean as like a set of irregular gappy teeth.

The third group is exemplified by the true haricot. Here,
the columnar cells have no resemblance either to a column or to
an hour-glass, but are cubical in shape. The cell walls are very
thin, and the lumen of each cell contains a crystal or crystals of
calcium oxalate. It is clear that these beans, very difficult to
tell apart in the intact specimen, may be identified quickly and
with certainty in microscopical sections of the testa.

Fruit-walls used in Identification

Turning now to the true fruits which pass as seeds in agriculture,

probably the most common examples are the grains for the cereal

grasses—wheat, barley, oats, rye, maize, rice, etc. Of these,

oats, barley, and unmilled rice are usually invested in the upper
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Fic. 94

Microscopic structure of some typical
leguminous seed-coats

(a) Testa of horse bean in vertical sec-
tion. The whole structure is larger
than that of other beans used in
cattle cakes or meals. (Note the
palisade cells, each with a pear-
shaped cavity due to the greater
thickening of the walls towards the
exterior aspect.) The columnar cells
are of a typical dumb-bell or hour-
glass shape, thus forming a layer
with relatively enormous inter -
cellular spaces. The innermost layer
is not useful for purposes of identi-
fication ; it consists of residual

endosperm

(b) The testa of the true haricot drawn to the
same scale. This section is characterized
by the columnar cells being cubical, not
like an hour-glass in shape, and each con-
tains one or more crystals of calcium oxalate

(¢) The testa of Burma bean—a close relative
of the true haricot. This seed, which is
poisonous to stock when fed uncooked, is
easily recognized by the characteristic

elements of the columnar layer
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and lower pales. When the pales have not been milled off they
usually provide data for identification of a meal, but the structure
of the fruit is usually much more important. Maize is taken here
as an example.

The whole grain in maize is about as long as broad, with
flat sides. If the grain is laid on the table, one side will show
a uniform surface while the other shows a shield-like structure
shining through the outer coverings. This is the embryo. A
median-longitudinal section of the grain bisecting the embryo
longitudinally should be looked at. The main areas are at once
recognized, the outer coverings, the embryo, and the endosperm.
The coverings are not thick and the embryo is not large. The
greater part of the grain consists of endosperm.

The embryo or germ is somewhat difficult to interpret, but
in general it consists of a short embryonical axis bearing laterally
a shield-shaped structure called the scutellum. This is closely
appressed against the endosperm. The scutellum is a suctorial
organ. The layer of its cells in contact with the endosperm are
full of protoplasm, and when the seed is wetted these release a
ferment or enzyme called diastase which is capable of hydrolysing
starch. The diastase from the scutellum of the wetted seed passes
out into the starchy endosperm, and so makes the food reserves
available. The sugar so formed passes from the endosperm into
the scutellum, and so to the growing points of the axis. The
cells of the main body of the endosperm are simple parenchyma,
and each is completely filled with starch grains of typical shape.
The outermost layer of cells. abutting on the testa, however, are
different, being cubical in shape and filled with protein. The
protein in this case is not protoplasm, but a simple reserve in
crystalloidal form. A peripheral protein-containing layer of this
kind is called a aleurone layer.

The layers outside the aleurone layer are composed of the
~ seed-coat and fruit-wall, very much altered from the ovular and
ovarian condition. Not only so, but the two are quite adherent,
and it is a matter of some difficulty to distinguish where the one
begins and the other ends. The aleurone layer plus all the struc-
tures of the grain external to it constitute the “‘ bran > and are
stripped off in the making of white flour.

Identification of flours, meals, ¢ miller’s offals ”’ (bran, wheat-
ings, etc.) from different grains is comparatively easy if characters of
the starch, characters of the testa plus pericarp, and so on, are used.
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SECTION TWO

PHYSIOLOGY

ThHis is the study of plant function, the ways in which
the plant works, and is based on an understanding of
some physical phenomena mainly connected with the
pr(();;erties of particles.

nce these have been explained the mechanism
underlying intake of water and other raw materials for
food-making or synthesis is dealt with.

The mecthods by which metabolism, that is, synthesis
and respiration, leads to a net increase of dry matter in
the plant are then described.

An inquiry into various aspects of growth and
development follows. Some plants are shown to be
more efficient in a given situation so that there they are
able to compete successfully with their contemporaries.
The principles of plant competition are then examined
with particular rcll;rcnce to growing crops and pastures.
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