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Preface to 18th edition

The 17th edition introduced a completely new
approach and format and this has been popular with
readers, particularly students. This new edition builds
on that experience by continuing the format and in-
troducing new material to cover developments in the
industry over the last six years. It is more difficult in
these uncertain times to anticipate in detail needs over
the next decade. The Editors believe the current main

UK agricultural enterprises will remain the sheet
anchor of the industry, supplemented by new develop-
ments of the type covered in the additional chapter on
alternative enterprises.

A number of new authors have been recruited and
the Editors are grateful to all contributors for their
efforts and enthusiasm.



Preface to 17th edition

The first edition of The Agricultural Notebook
appeared in 1883. It was compiled by Primrose
McConnell, a tenant farmer of Ongar Park Hall,
Ongar, Essex, who found, when he was an agricul-
tural student under Professor Wilson at Edinburgh
University, the great want of a book containing all the
data associated with the business of farming. This is
the seventeenth edition and all but coincides with the
centenary of the publication. The Agricultural
Industry has changed so much since the last edition it
was decided to abandon the ‘pocket book’ size and
use the new, easy-to-read, format.

Clearly no one person is capable of writing on all
the aspects of agriculture necessary for achieving the
objectives of The Agricultural Notebook. The Editor is
most grateful to the team that have contributed to the
new edition. Contributors have not been constrained
to a common editorial mould but rather, following

discussion with the Editor, have been encouraged to
let their own informed aspirations guide the content
and layout of their particular sections. Contributors
have collaborated and, where appropriate, adequate
cross-referencing is given. Compared with the
previous edition, some new topic areas have been
added and some eliminated to reflect development
within the industry and to contain the total volume
within an acceptable limit.

The book is aimed at meeting the needs of students
of agriculture, be they full-time students in colleges
and universities, or practising farmers and advisers. It
is hoped the reader will perceive that the essentials of
modern science, technology, management and
business studies have been carefully blended to give
the information which experience suggests is
necessary for successful farming today.
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Part 1

Crop production






1

Soils

A. D. Hughes

WHAT IS A SOIL?

A soilis an ordered combination of minerals, organic matter,
air, water and living organisms.

Simple chemical analysis tells us the gross composition of
soil but takes no account of the ordered nature of its con-
stituents. Such analysis therefore obscures more useful
knowledge than it reveals.

The relative proportions of mineral material, organic
matter and ‘pore spaces’ (which may contain either air or
water) vary within very wide limits. For example, peat soils
are almost devoid of mineral material, whilst some sands
have only very low levels of organic matter. Subsoils usually
have lower organic matter levels and fewer pore spaces than
topsoils. A useful figure to remember is that in fertile agricul-
tural soils, pore spaces account for about 50% of the total
volume. The subdivision of the other 50% between mineral
and organic fractions is complicated by the difficulty of
knowing the volume occupied by organic matter in soil. By
weight (dry soil basis), organic matter levels are typically in
the range 2-10% for mineral soils. Figure 1.1 shows the
proportions of the various soil constituents on a percentage
volume basis.

Formation of soils

Soils originate from the rocks of the earth’s crust. Rocks are
classified as follows:

(1) igneous formed by cooling of ‘molten magma’, e.g.
granite, diorite and gabbro;

(2) sedimentary formed by consolidation of sediments from
some previous weathering cycle, e.g. sandstone, shale,
dolomite and limestone;

(3) metamorphic formed by action of heat and pressure on
sedimentary rock, e.g. slate, marble and quartzite

Note that igneous rocks are formed de novo from the earth’s
molten core whereas material in the other (secondary) types
must at some time have existed as igneous rock.

MINERAL
MATTER
38%

ORGANIC
MATTER
12%

(95% by OD weight) (5% by OD weight)

// \\ {}

\
\ \soIL J/\ son !
\ SOLUTION \ ATMOSPHERE
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\

Wilting percentage Field moist soil

Fluctuation during growth of plants

Figure 1.1 Percentage composition of soil on a volume basis
(after Jackson, 1964) (from Chemistry of the Soil, p. 72,
ASC Monograph No. 160, 2nd Edn. Ed. by F. E. Bear.
New York: Reinhold, reproduced by courtesy of the author
and publishers)

Weathering

Weathering of exposed rock surfaces is due to both physical
and chemical agencies.

Physical weathering

Forces of expansion and contraction induced by diurnal
temperature variation cause rock shattering, whilst freezing
and thawing of any entrapped water greatly accelerates the
process. In glaciated areas the major physical agency is
crushing and movement by ice and water.
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Chemical weathering

Rock minerals are slightly soluble; dissolution of cations and
their removal over thousands of years leads to a gradual
weakening of the rock’s fabric. Chemical weathering is inten-
sified by the acidity resulting from dissolution of atmospher-
ic carbon dioxide, and from organic acids produced during
the decay of vegetation. Lichens (which are a symbiotic
association of an alga and a fungus) have the ability to fix
atmospheric nitrogen as well as being able to fix carbon by
photosynthesis. During their growth they accelerate
weathering by acidifying the ‘soil solution’, and rapidly
removing the products of weathering as inorganic nutrients.
Following their death, carbon is returned to the embryonic
soil and provides its first addition of organic matter.

The processes described above can be observed at any time
by careful study of the stonework of many ancient buildings
and monuments.

Peat soils

A special kind of soil development occurs when very wet
conditions prevent the normal breakdown of organic matter
by aerobic decomposition. Instead, anaerobic decom-
position occurs and the end product is peat. There are two
distinct peat formation mechanisms.

Blanket bogs occur in upland areas of the UK where
temperatures are low and rainfall exceeds evapotranspira-
tion for at least a part of the year. Heathers and sphagnum
moss decay slowly and the organic residues are acid. Any
bases (nutrient cations) which may be present are continually
leached away by the high rainfall.

Basin peats form in areas where drainage water collects.
Native plants are typically sedges and grasses. The incoming
drainage water provides ample nutrients so the peat is fertile,
having a high base status. Such fen peats are ideal for agri-
cultural cropping when drained, but the act of drainage
initiates ‘peat wastage’, since normal oxidative decay
becomes possible. Raised bogs occur when the level of a
basin peat surface exceeds the water table height and rainfall
is sufficiently great for the blanket bog type vegetation to
take over, leading eventually to a blanket bog over the top
of fen (sedge) peat.

The soil profile

The vertical section of soil seen in the sides of a pit is the soil
profile. Individual layers composing it are called horizons.
Two set of processes are involved in soil formation:

(1) physical and chemical weathering giving rise to ‘parent
material’;
(2) profile development from parent material.

Usually the former precedes the latter but they may
proceed simultaneously. Soils where development has
proceeded without disturbance exhibit distinctive profiles,
their characters being utilised for soil classification and
survey.

The upper layer called the A horizon (or ‘plough’ layer)
generally contains appreciable amounts of organic matter
which produces a dark colour. This horizon merges into a
layer markedly weathered, but comparatively free from
organic matter, known as the B horizon. At its base the B
horizon, or subsoil, merges into the C horizon or parent

material. The upper part of the C horizon is often consider-
ably weathered and merges gradually into unaltered rock.

THE MINERAL COMPONENTS OF SOIL

The mineral matter in soil is derived by weathering of pre-
existing rock — the soil parent material. The mineral fraction
of the soil can be subdivided in two principal ways:

(1) according to particle size; into sand, silt or clay;
(2) according to mineral composition.

The two are closely related, e.g. fine particles (clay) are
composed predominantly of clay minerals, whilst the coarse
particles (sand) are normally composed of primary minerals,
derived from rock without chemical modification. For
practical agricultural purposes in the UK, particle size is the
more important attribute.

Sand is largely inert and a very sandy soil is usually well
drained, drought prone and lacking in nutrient reserves.
Sand grains are usually composed of unaltered primary
minerals inherited from the soil parent material;, quartz
(Si0,) and feldspars (MAISi;Og - aluminium silicates of
basic cations M*) are the most abundant of these. The
so-called accessory minerals also occur in smaller amounts in
the sand fraction. They have a high density and are therefore
easily separated from the rest of the sand fraction, and can
be used as ‘fingerprints’ to help identify soil parent material.
Weathering of some accessory minerals releases nutrients of
importance to agricultural crops. Pyroxenes and amphiboles
provide a number of minor nutrients (trace elements) whilst
phosphate is released by the weathering of apatite.

Clay is composed of very fine particles with an enormous
surface area and great chemical activity. Clay soils hold large
amounts of water, much of which may not, however, be
available to plants. They are frequently poorly drained, but
have good reserves of nutrients.

Silt is insufficiently fine to have significant surface
chemical activity, but also lacks the agriculturally attractive
properties of sand. Hence silty soils have many of the un-
desirable properties of both sands and clays and the
desirable ones of neither.

Real soils are always a mixture of sand, silt and clay, with
the relative proportions governing soil properties. An ideal
soil would have balanced proportions of sand, silt and clay,
giving adequate water holding capacity, free drainage, stable
structure and a plentiful supply of nutrients.

Soil texture and particle size distribution

The relative proportions of sand, silt and clay determine the
texture of the soil. Texture may be derived from particle size
distribution obtained by ‘mechanical analysis’ in the
laboratory, or assessed directly in the field by hand.

Hand texturing

For normal agricultural purposes hand texturing is rapid,
cheap and reliable. Simply take about a dessertspoonful of
soil. If dry, wet up gradually kneading thoroughly between
finger and thumb until aggregates are broken down. Enough
moisture is needed to hold the soil together and for the soil
to exhibit its maximum cohesion:
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Figure 1.2 The assessment of soil texture based on the feel
of moist soil

By reference to Figure 1.2 a texture is assigned to the soil
on the basis of its feel.

Particle size distribution (psd)

The process of determining the psd of a soil is referred to as
‘mechanical analysis’. The principle is that soils are dispersed
in an aqueous solution and separated into size fractions by
acombination of sieving (down to about 0.05 mm) and timed
sedimentation.

Stokes’ equation states

_ glo — p)d
Vo= 181

where V is the settling velocity in cm/s,
g is the acceleration due to gravity (about 980 cm/s?)
o is the density of the particle,
p is the density of the water
n is the viscosity of water (about 0.010 at 20°C),
d is the diameter of the particle (cm).

If an aqueous suspension of soil is thoroughly agitated,
then left to stand, the various components will settle at
different velocities in accord with Stokes’ equation. By
carefully sampling from a given depth in the suspension at
successive intervals of time, it is possible to calculate the
proportion of particles with a given ‘equivalent spherical
diameter’ (ESD). (To make this possible particle density is
assumed, by convention, to be 2.6 g/cm?, so that the term
(o-p) is numerically 1.60.)

Various standard procedures differ in detail, for example:

(1) pre-treatment - drying and sieving techniques may
differ,

(2) dispersion - use of ultrasonic equipment, treatment with
deflocculating chemicals or exchange resins, destruction
of organic matter or dissolution of carbonates,

(3) sedimentation and sampling techniques are fairly
standard but an alternative procedure (the Bouyoucos
method) uses a hydrometer to measure the density of the
suspension at a given depth.

Procedures in common use are described by Russel (1974)
and the method used for routine purposes by The Soil
Survey of England and Wales and by ADAS is described in
MAFF (1986) and Avery and Bascomb (1974). There is no
universal agreement on the boundaries of the particle size
classes. Systems in common use are illustrated in Figure 1.3.

Since numerical percentage composition data are not
easily appreciated in speech, it is customary to use a
triangular diagram to relate psd data to named textural
classes. Again, worldwide standardisation is lacking and a
number of systems have been used. In England and Wales
both soil surveyors and ADAS advisers use the triangular
diagram shown in Figure 1.4

CLAY MINERALS

The minerals of the clay fraction may be primary, inherited
from the parent material or secondary, formed as a result of
chemical processes in the soil. The term ‘clay mineral’ is
conventionally reserved for clay formed as a result of
chemical changes in the soil.

The study of clay minerals is a very complex subject and
much of the information contained in specialist publications
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on the subject is of limited practical use to agriculturalists.
Agriculturally important properties of soil clays are:

(1) cation exchange capacity and ability to absorb anions;

(2) surface area available for chemical reactions;

(3) ability to shrink and swell in response to changes in
moisture content.

Structure of clay minerals

The commonly occurring clay minerals are layer silicates and
may be thought of as being built up from planes of oxygen
or hydroxyl units. There are two types of oxygen/hydroxyl
planes.

(1) Complete planes in which each oxygen touches six others
(see Figure 1.5) and some or all the oxygen position may
be occupied by hydroxyls.

(2) Hexagonal planes which differ from the ‘complete’ arr-
angement (see Figure 1.6) in that (a) there are no
hydroxyls, (b) every fourth oxygen position is vacant, (c)
the inter-oxygen separation is reduced in the ratio ,/3:2,
so that the two types of plane contain the same number
of oxygens:hydroxyls per unit area.

Tetrahedral sheets

If a single oxygen is placed on top of a complete plane it will
fit comfortably in a position above a space in the plane and
beneath it there will be what is called a tetrahedral space (so-
called because it is between four spheres whose centres may
be thought of as the apices of a tetrahedron). If, instead of
one single oxygen, a hexagonal plane is placed above a
complete one, a network of tetrahedral holes will occur. In
clay minerals these holes contain either silicon (usually) or
aluminium cations (occasionally). The two planes and their
associated cations are said to form a tetrahedral sheet.

Octahedral sheets

If two complete planes are brought together, a network of
octahedral spaces will be formed between three oxygens (or
hydroxyls) of one plane and three of the other. A proportion
(ranging from 66 to 100%) of these octahedral spaces are
occupied by either aluminium or magnesium cations. The
two planes and associated cations are said to form an
octahedral sheet. If magnesium is the predominant cation all
the octahedral spaces are filled and the sheet is said to be
tri-octahedral (sometimes called a brucite sheet — brucite is
Mg(OH),).

If the predominant cation is aluminium, two-thirds of the
spaces are filled and the sheet is said to be di-octahedral
(sometimes called a gibbsite sheet - gibbsite is AI(OH),).

Isomorphous replacement

In the sheet structure just described the arrangement of
oxygens, hydroxyls and cations is such that electrical
neutrality is maintained. In ‘real’ clay minerals some cations
are replaced by others of similar size but different charge.
This replacement doe} not alter the fundamental structure
(form) of the layer but does leave the layer with a net charge.

Thus, aluminium can replace a proportion (up to about
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5%) of silicon in tetrahedral sheets. The larger octahedral
spaces can be occupied by a wide range of cations. Isomor-
phous replacement normally leaves the sheet with a negative
charge since every silicon replaced by an aluminium is con-
ceptually the removal of one unit of positive charge,
equivalent to a gain of one unit of negative charge. In the
same way every octahedral aluminium replaced by a divalent
cation contributes one unit of negative charge. Note that
isomorphous replacement is a feature of a sheet incorporated
at the time of its formation. ‘Replacement’ implies a
departure from an idealised model nor a dynamic soil
process.

Combinations of sheets — layer lattice minerals

The clay minerals may now be visualised as combinations of
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tetrahedral and octahedral sheets, some of which may be
negatively charged due to isomorphous replacement.

Interlayer bonding

The bonding between adjacent layers may be only oxygen -
hydroxyl linkages between uncharged layers which are close
together (see Kaolinite group below), or by means of cations
in the interlayer space neutralising negative charges on the
sheets. This type of bonding is readily subdivided into three
categories on the basis of the magnitude of the negative
charge.

High charge - mica type bonding

The outer sheets of adjacent layers are close together and
arranged so that potassium ions can be located where
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