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Soil forms the thin surface layer of thc Earth,s
crust. It can bc defined as the unconsoiidated
mincral and organic rnaterial on the Earth's
surface, often characterised by horizons or layers
(|,igurc 10.5), that serves as a natural meclium for
the growth of plants and therefore the suppolt of
animal life on iand. It has been subjected to, and
shows the effects of, genetic and cnvironmental
factors of: climatc (including water and tempera-
ture), macro- and micro-organisms, relicf and the
underlying parent rock (Figure i0.1). It dcvelops
over a period of time thlough the interaction of
sevcral physical, chcmical, biological and mor-
phological properties and characteristics.

The study of soil, its origins and characteris-
tics (pedology) is a science in itself.
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The first stage in the formation of soil is the
accumulation of a layer of loose, broken,
unconsolidated patent material known as rego-

lith. Regolith may be deriveci from either the
in situ weathering of bedrock (i.e. the parent or

unclerlying rock) or from matcrial that has been

transportcd from elsewhere and deposited, e.g,

as alluvium, glacial drift, loess or volcanic ash.
'fhc second stagc, the formation of true soil
or topsoil, results from the addition of water,
gases (air), livinS; organisms (biota) and deca_ved

organic matter (humus).
Pedologists have identified five main

factors involved in soil formation (Figure 10,11

As all of these are closely interconnected ancl

inteldepenclent, their relationship may be
summarised as follows:

seil = f (parent material + climate +

topography + organisms + time)
whele: f=tunctionof.
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When a soil develops from an underlying rock,

its supply of minerals is largely dependent on
that rock. The minera1s are susceptible to dií.
ferent rates and processes of weathering - see thr

exarnple of granite, Figr-rre 10.2. l)arent material
contributes to control of the depth, texture,
drainage (permeability) and quality (nutrient
content) of a soil and also influences its colour.
In most of Britain, parent material is the major
factor in cletermining the soii type, e.g. lime-
stonc, gÍanite oL, most commonly, drift.

usually:
coarser texture

good drainage

shallower soil

fewer nutrients

usua ily:

finer texture
poor drainage

deeper soil

more nu!rÍents
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Factors affecting the

formation oÍ soil

parent material

permeabílity
mineral content
textu re

:.91T"T:J|'"t-ll_j
organic matter j

nutrient cycle/recycling i

rT9g"9:a11":_ i

j-:|j9j:|[!Íťij
altitude 

iaspect 
i

slope angle 
f

preclpitation i

temperature i

rquartz (a,harder,mínera|)+ ffil'J.in."-#.:'o.,
I weathering

I

Sranite J
'f mica .l mainly;ftected

| | (,softeť minerals) .^-.....-.r. by chemicai
r-- feldspar r weathering

sands and
----------> silts left as

restdues

clays

residues

(printary
minerals)

lseconoary
minerals)

The inf|uence ofa parentroď-

granite - on soil formation

260 Soils

..--^--.....>



Clirnate c'lc'termines the type ttf soil at a g1oba1

scale. The distribution of worlc'l soil typcs corre-

spor-rds closel1, to pattcrns of clinlate and vegcta-

tion. Climate affccts thc rate of weathering of the
parent rock, with the most rapid breakclown being
in hot, hurnicl cnvit ttnments. (llirnate also affects

the amount of huntus (otganic rnaterial) in thc
soil. The amount is a balat-ice betr'rreen the input
ancl output, the inptrt ancl output being a func-
tion of the effccts of tcmperatut'e and rnoistulc
cln bioiogical activity. One might expcct tropical
rainforcst soils to htit,c ntoLe hutnus than tundra
soils because of the grcater mass of vcgetation.
H{)u,cver, it is possiblc for sctme tunclra soils to
hilvc more humus accutnulatiot-i cittc to a lower
output, ancl sonle tropical rainíclrcst soils tcl harle

less becausc of greater humus breakdor'r'n.
Rainfall totals and it-rtr:nsity arc also inipor-

tant. WheÍe rainfa11 is lreavy, tl.re c1ownwar.d

movcnlent of rt'atel thlough the soil transports
lnincral salts 1i.e. so|-rble minerals) with lt, a
process knolr,n as leaching. Wherc rainfall is

light or whcle er''apotransL-'iration cxceecls pre-

cipitation, n,ateL ancl minetal salts lnay be clt'awn

Llp\{arcls tonrat'cls the surface b1, 15a prttccss of
capillary action.

Ternpclatut'es cletertnine the lcngth of the
growing sL'ason and affect tl-re suppl,v of hul-lllls.
The specd of vegetation decaf i5 fastest itl l-ttlt,

lvet climates as tetnpcllatllt'es also influence
(i) thc aCtivit), anCl nLllIller of sclí1 organísms arltl
(ii) thc rate of c'vapolatiott, i.c. r'r'hethel'leaching
ol capillary actiott is clot'ninant.

:'

As thc height of the laircl increases, so too clo

.lmoLlnts of ptecipitatirtn, clottcl c-over and
rvincl, lvhile tempcratur{,rs ancl the length of
the grolving season both decleasc. Aspect is

an impoltant local factor in n'ricl-latitudes
(page 212), with south-facing slopcs in the
northcln hemisphere bcing warrner and driel
than those faclng nolth. 'l'he angle of slope

affects drainage and soil clepth. Greater rnois-

ture flclws and the increasecl effcct of gravit,v cl11

steepcr slopes can accclerate mass nlovemcnt
ancl the risk of soil erosion. Soils on stecp slopes

are likely to be thin, poor ly dcvelopecl ancl t ela-

tivcly dly. The morc gentle the slope, the slower
the rate of moventent of watcr through the soil
ancl the grcatet'tl-re likelihood of watcrlogging
ancl the fonnation of peat on plateau-likc sur-

faces at the top of thc slope (figure 10..3). 'l'here

is little risk of soil erosion but the incrcasecl ratc

of weathering, clue to the extla rr,rater, ancl the
lcceipt of rnaterial ntovecl clor'r,nslopc, tend tcr

procL,rce deep soils at the fclot of thc slope. A
catena is whet'e soils are rclatecl to the topog-
raphy of a hillside and is a scquence of soil
types ckrwn a slope. The catcna (l'igurc 10..3) is

clescribecl in more dctail on page276.
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Plants, micro-organisms such as bacteria and
fr.rngi, and animals all intctact in the nutricnt
cycle (page 300). Plants take up mineral nutri-
cnts from the soii ancl return thern to it aftcr
they clie. This recycling of plant nLltrients
(liigure 12.7) is achievec'l b.v the activity of
n-riclo-olganisrns, which assist in nitrrlgc'n fixa-
tion (page 268) and the clecontposition ancl

clccay of dead vegctation. At tlre satne time,
macro-organisms, n hich inclr,rcle v\rornls and ter-

rnites, mix ancl acrate thc soil. llutnan activit)'i\
increasingly affecting srtil clevelopment through
the aclclition of fcrtiliser, the breakirlg up of hori-
zons by ploughing, clraining ttr ilrigating 1ancl,

ancl b1, unu,ittingll ac-cclerating ol clelibcr:ately

cor-itrollir-rg soil et osion.

fl atter upland (plateau);
hill peat develops on
colder, waterlo!lged,
acidic soils

shedding (ciegrading or
e]uvraiion) zone: 5hed5 !,VateÍ

(r.vell drained), soil, organic
anai mineral n'ralter

infiltration

I leachino

Ý

bedrock

soil

oeprn

tIansfeÍ (tran5location) zone:
rapid movement of water, soils
.rnd minerals givinq a thinner,
less acidic, drier soil

A catena: the relationship

between soil type and slope

(not drawn to scale)

receiving (accumulation oř

illuviation) zone: receives
water, soil, organic and
m jneraI matteÍ;Va||ey peat
develops on vi/aterloqged
or gleyed soil
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la{..ria aa.r,:

Relative proportions,

by volume, ofcompo

nents in a'normal'soil
(ofÍer(ourtney and

Trudgi I l)
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An idealised soil

profile in Britain

pore space containing air and lor '.,.:;' : , = 45o/o

(can be 45o/o watéť,or l j ..;:., but is more
usually a proportion of each)
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Soils usually take a long time to form, perhaps up
to 400 years foť 10 mm and, undel extleme Con-
ciitions, 1000 years for 1 mm. It can take 3000
to 12 000 years to produce a sufficient depth of
mature soil for farming, although agriculture can
be successful on ne\ /ly deposited alluvium and
volcanic ash. Newly forming soils tend to retain
many charactelistics of the parent material from
which they ale derived. With time, they acquire
new charactcristics resulting from the addition
of organic matteÍ, the activity of organisms,
and from leaching. Horizons, or layers (Flgute
10.5), reflect the balance betu/een soil processes
and the time that has been available for their
development. In northern Blitain, upland soils
must be less than 10 000 yeals old, as that was
the time of the last glaciation, when any existing
soil cover \vas removed by ice. The time taken
for a mature soil to develop depends ptimarily
on parent material and climate. Soils develop
mole rapidly where parent material derived from

leaf litter
fermentation (decomposition) layer (page 266)

h_umus layer

soil depth measUřed
from this point

mixed mineral/organic layer

some organic material, as well as clay
and calcium, removed by water, a

process known as translocation

possible iron accumulation

organic enriched mineral layer

(accumulation of mechanically and
chemically downwashed materia

ln .slťl weathering consists of sands t ather than

clays, and in hot, wet climates rather than in
colder and/or drier environments.

A mature, fully-developecl soil consists of four

components: mineral matter, organic matter

inclucling biota (page 268), water and alr.'fhe
relative proportions of these components in a

'normal' soil, by volume, is given in Figure 10.4,

Tlre soil profile
The soil profile is a vertical section through the

soil showing its different holizons (Flgule 10.5).

It is a product of the balance betnleen soll syÝem

inputs and outputs (Figure 10.6) and the ledlýIi.
bution of, and chemicai changes in, the various

soil constituents. l)ifferent soil profiles are

described in Chapter 12,but an idealised profile

is given here to aid familiarisation with several

ne\ 
'/ 

teLms.
The three major soil horizons, which maybe

subdivided, are referred to by speciflc letters to

indicate thei r genet ir' origin.
x -I.he upper layer, or Á horizon, is where

biological activity and humus content are

at their maximum. It is also the zone that

is most affected by the leaching of soluble
materials and by the downward movement,
or eluviation, of clay palticles. Eluviation is

the washing out of materlal, i.e. the removal
of organic and minelal matter from the /
horizon (Figure 10.5).

x Bcneath this, the B horizon is the zone of
accumulation, or illuviation, where clavs

and other matelials removed from the,,1

horizon ale redeposited. Illuviation is the
pÍocess of inwashing, i.e. the redeposition of

organic and mineral matter in the B horlzon,

The Á and lJ horizons togethel make up the

true soil.
xl The C horizon consists mainly of Íecently

weathered palent material (Íegolith) Iesting

on the bedrock.
Although this threefold division is useful and

convenient, it is, as will be seen lateL, over-
simplified. Several examples show this:

&x Humus may be mixed throughout the depth

of the soil, or it may form a distinct layer.
Where humus is incorporated within the

soil to give a crumbly, black, nutrient-lich
layer it is known as mull (page 266). Where

humus is slow to decompose, as in cold, wet

upland areas, it produces a fibrous, acidic and

nutrient-deficient surface horizon known
as mor (page 266) (peat moorlands).

x The iunctions of horizons may not always
be clear.
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A
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x AIl horizons nced nclt always be pťesent.

* The clepth of soil and of each horizon vary at

different sites. Local conditions produce soils

with charactet istic horizons differing fiorn the

basicÁ, 13, C pattern: for example, a waterlogged

soil, having a shortage of oxygen, develops a

gleyed (G) horizon (page 275).

Thes*iřsy$teť!Ť
Figure 10.6 is a model showing the soil as an open
system where matelials and energy are gainecl and

lost at its boundaries. 'llhe system comprises inptlts,

stoles, outputs and recycling or Íéeclback Ioclps

(Framework 3, page 45). Inputs include:
s \ /ater frorn the atmosphelc ot throughflow

from highel up the slope
xj gases Írom the atmosphere and the respiration

of soil animals and plants
x mineral nutrients flonl weathered parent mate-

rial, which are needed as Plant food
x organic matter and nutrients from decaylng

plants and animals, and
& solar energy and heat.

Outputs inclucle:
:& water iost to the atmosphere through

evapotranspilatiott
*! nutrients lost thror.igh leaching and through-

flow, and
s loss of soil palticles through soil creep

ancl erosion.

&eeyclrng
Plants, in orcler to 1ive, take up nutrients from the

soil (pagc 268). Sorne of the nutrients may be storcrl

untii:
rx eithcr the vegetation sheds its leaves (duting the

autumn in Britain), or
x the plants die and, over time, decompose

duc to lhe acti\ ity of micro-ot'ganisms
(biota,-page 26ft).

'l'hesc two processes release the storeci nutrients,

allowing them to be returned to the soil ready

for'future use the so-called nutrient (or humus)

cycle.

$*&$pr*p*r€$e$

The four ma jor components of soil - water, air,

mineral ancl organic matter (Figure 10.4) - are all
closely interlinked. The resultant interrelationships
produce a series of 'properties', ten of which are

listed and described below.
1 mineral (inorganic) matteÍ
2 texturc
3 sttucture
4 organic matter (including humus)
5 moisture
6 air
7 olganisms (biota)

8 nutrients
9 acidity (pH value)
10 temperature.
It is necessary to undelstand the workings of these

pr operties to appreciate how a particular soil can
best be managed.

"$ ňr"}ín*raí {ár*grgami*} ffi}at*er

As shown in Figure 10.2, soil rninetals are

obtained mainly by the weathering of paent
lock. Weathering is the maiol ptocess by which
nutIients, essential Íbr plant gr owth, are t.e1eased.

Primary minerals ate minetals that were present

in the original parent matcrial and which remain
unaiter ed tlom their original state. They are present

throughout the soifforming ptocess, mainly
because they are insoluble, e.g. qualtz. Secondary
minerals are produced by weathering reactions
and are therefore produced within the soil. They
include oxides and hydloxides of primary minerals
(e.g. iron) which result fi'om the exposure to air and

water (page 40).

rlll:t lrl.l

Ine open soil sysTem

evapotranspi rationg inputs into the

& soil system

.i outputs from the
{il soil system

recycli ng

WateÍ gases solar
(air) energy

iiá$&&&&
t

*
s

&

:l& excretions from
plant roots

nutrients taken up
by plant roots

soil creep
and erosion

.lil



1 00 g of dispersed dried soil (easier
to gain a percentage figure)

stone

coarse
sa no

fine
sa no

silt and
clay

silt loam

b field technique by'feel'

sand: a gritty feel; when rubbed,
does not form a ball or leave
a film on finger

I]
I

c sedimentation

to

s0

n

1

:

clay

0.2 mm mesh

0.02 mm mesh

electrical shaking
a pparatus

l\4easuring soil

teXture (í7Íter

(ourtney and

Trudgill)

The texture of

different soil types

silt: smooth, silky or soapy feel

clay: plastic and sticky when wet; fine sand

gives a polished surface when coarse
rubbed; rolls into a ball sand

,.i i:{::li ritlil:ilia,ir f''i:

Tl'tc tcrtrr 'texture' IefeÍS to the dcgree of coalse-
ncss or fineness of the mineral matter in the soil.
It is detcrmined by the proportioll of sand, silt
and clay particles. Particles larger than sand are
gťouped togetlrer ar.rd clescribed as stones. In the
ficld, it is possible to decicle whether a soil sample
is mainl;, sand, silt or clay by its'feel'. As showti
in Figure 10.7b, a sandy soii feels glitty ancl lacks
cohesion; a silty soil has a smoother, soaplike feel
as well as l]aving soil1e cohcsion; and a cla;r 5eil i5

sticky ancl plasticr when wct and, being very crohe-

sive, rnay be rolled into various shapes.
'l'his rnethocl givcs a cluick guicle to the textllre,

br,rt it lacks the prccision needed to cleterminc thc
proportion of palticles in a given soil with any
.lccuracy. This prccision rnay be obtainecl fi'om

sandy loam

either of two laboratory measurerilents, both of
which are clependent upon particle size. The Soil

Survey of England and lvales uses thc British
Stanclar cis classification, ,,r,1-rich gives the follolvrng

diameter sizes:

Heading

coarse sand

medium sand

fine sand

si lt

clay

Description from case study

between 2.0 and 0.6 mm

between 0.6 and 0.2 mm

between 0.2 and 0.06 mm

between 0.06 and 0.002 mm

less than 0.002 mm

One methocl of measuling texture involves the

use of sieves r'rrith clifferent meshes (Figure 10.7a1,
'l'he sample must be clry ancl neecls to be well-
shaken. A mesh of 0.2 rnrn, for example, allor'r,s

fine sancl, silt ancl clay palticles to pass through
it, while trapping the coarse sancl. Ihe weight of

particles remaining in each sieve is expressed as a

percrentage of the total samplc.
In the seconcl mcthod, scclimcntation

(Figure 10.7c), a wcighcd sample is placed in a

beaker of watcr, thoroughly shakcn ancl thcn
allor,r,ed to settle. According to Stokc's Law, 'thc

settling rate of a particlc is ploportional to thc
diamctcr of that particle'. Consequentl,v, the large.,

coarscr, sand glains settle quickll' at the bottorn of

the beakel and the finer, clay particles settle last,

closer to the surface (compare Figure 3.22).'l'he Soil

Survey and Land Resealch Centle tends to use both

mcthods because sieving is less accur:ate in meas-

uling the finer rnaterial ancl sedimentation is less

accuÍate with coarser palticles.
'l'he results of sieving ancl seclir-nentation alr

usually plottecl either as a pie chart (Figure 10.8)

or as a triangular graph (Figr-rre 10.9). As the
proportions of sand, silt ancl c1ay, var1, cortsider-

abl)', it is trac1itional to have 12 texttrre categollť\
(f-igure 10.9).
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biitexture analysis
t:lr]e boundaries may vary
'different books)

I sand

/ oamy sand

I Mndy loam

I sandy clay loam

5 sandy clay

í |oam

i I clay loam

i 5it

9 s it loam
'0 silty clay loam
rl sityclay

1 day

ÍigLtl* 1{}.$

Soil texture analysis:

the use ofa

triangular graph

(read in this
direction)

o/o clay

60

50 40 30 20
.. (read in this direction)

o/o claY o/osilt

a 65 18

b35596
c2717io

contain limiteci alnounts of organic matter. They
also need considerable amounts of fertiliser
because nutrients ancl organic mattcr are often
leached out and not rcplaced.

Silty soils also tend to lack mineral and
organic nutrients. The srnallel pore sizc means
that more moisture is letainccl than in sands but
heavy rain tends to 'seal' or cement the surface
increasing the risk of sheetu/ash and eÍosion.

Clay soils tend to contain high levels of
nutrient and organic mattel but they are clifficult
to plough and, atter heavy rain and clue to their
small particle size (Figure B.2b) which helps to
retain water (page 267), are prone to waterlogging
and may become gleyed (.pag:s 27 2 and 27 5).

Plant roots find difficulty in penetration. Clays
expand when wet, shrink when dry ancl take the
longest time to wafln up.

The ideal soil for agriculture is a loam
(F'igures 10.8 and 10.9). This has sufficient clay
(20 per cent) to hold moistur(] and Íetain nutli
ents; sufÍicient sand (40 pe}.cent) to prevent Watel-

logging, to be well aerated and to be light enough
to work; and sufficient silt (40 per cent) to act as

an adhesive, holcling the sand and clay together. A
Ioam is likely to be ieast susceptible to erosion.

3 soi*str{'cta'ř*
It is the aggregation of individual particles that
gives the soil its structure. In undisturbed soils,
these aggregates form clifferent shapes known as

peds. It is the shape and alignrnent of the peds
which, combinecl with palticle sizeltexture,
<letermine the size and number of the pore spaces

through which watet, air, roots and soil organisms
can pass. The size, shape, lo,cation and suggested
agricultural va]ue of each of the six ped ýpes are

given in Figure 10.10. It should be noted, however,
that some soils may be structureless (e.g. sands),

some may have more than one ped strLlcture
(Figure 10.1 1), and most are likely to have a dis'
tinctive ped in each irorizot'r. It is accepted that
soils with a good crumb structure give the highest
agrictútural yield, are moIe resistant to eIosion
and develop best under grasses - which is why
fallow should be included in a farming crop rota-

tion. Sandy soils have the weakest structures as

they lack the clays, oÍganic Content and secletions
of organisms needed to cause the individuai par-

ticles to aggregate. A crumb structure is ideal as it
provides the optimum balance between ai1 water
and nutrients.

?"řle x'ířpor**rrre sf ť€xř&řr€
As texture controls the size and spacing of soiJ

pores, it directly affects the soil watcl content,
water flow ancl extent of aelation. Clay soils tend
to hold more water and are less well drained and
aerated than sandy soils (page 267).

Texture also controls the availability and
retention of nutrients within the soil. Nutrients
stlck to - i.e. are adsotbed onto - clay particles
and are less easily leached by infiltration ot

throughflow than in sandy soils (page 268).
Plant roots can penctrate coarser soils more

easily than finer soils, and 'lighter' sandy soils
arc easier to plough for arable falming than
'heavier' clays.

Texture greatly influences Soil stÍuCtule.

*ď*w ďe*s f€"}íé{"'ť€ *ff*cť éor**ťrrgr3
The fotlowing comments are generalised as it
must be remembered that soils vary enormously.

Sandy soils, being well dlained and aerated,

are easy to cultivate and permit crop roots (e.g.

carlots) to penetÍate. However, they are vulner-
able to drought, mainly because, due to their rel-

atively large particle size (Figure 8.2a), they lack
the micropores that would retaln moisture
(page 267) and partly because they usually

Soils

(read in this
direction)
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granula r t-5

1-.10

10-75

small individual particles similar to

breadcrumbs; porous

small individual particles; usually

n0n-p0Í0us

vertical axis much shorter than

horizontal, like overlapping plates;

ÍestriCt f|oW of Water

irregular shape with horizontal and

vertical axes about equal; may be

rounded orangular but closely

fitting

L.!l
L?
Í|lr_J

Í;.)\_,

íŤ\LJl-r\\tv
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/ horizon: c|ay soi|; formation as for crumb fair|y produďive; problems

íru(ture with drainage and aeration

/ horizon: loam soil; formed by action ofsoil
fauna (e.9. earthworms, mites and termites),

high content offibrou5 Íoot5 (9ra55e5) an0

excÍeti0n of miCro'organisms

B horizon: siIts and cIays; íormed by contraction

by tree roots, especially when trees (e.9. 5cots

pine)sway in wind. Also due to ice lens, and

compaction due to farm machinery

B horlzon: clay-loam soils; formation

associated with wetting-drying

and freeze-thaw processes

B and ( horizons: often limestones

or clays; formation associated with wetting-
drying and freeze-thaw processes

B and ( horizons; alkaline soils;

formatÍon associated with

accumuIation ofsodÍum

the most productive; weli

aerated and drained - good

íor roots

the least productive; hinders

water and air movement;

re5triCt5 Íoots

productive: usually well

drained and aerated

usual|y quite produďive:

formed bywetting and drying;

adequate water movement

and root development

quite productive (if water

available)

platy

blocky

prismatic 20-100 vertical axis much largerthan

hofizontal; angular caps and sides

t0 c0lumnS

columnar 20-100

Different soil

5TrU(IUreS

I:rlla:' :1.a

fliffprpnrp< in npd<

(nftpr (atrtnpu

and Trudgill)

crumb

:, :
columnar

,l

porouS
topsoil

I

I

I

30 cm

I

I

I

granurar

blocky

l

patv.

prismatic

non-porous
topsoil

1

I

I

30 cm

I

I

i

verti(al axis much largerthan

horizontal; rounded caps and sides

to columns

;i i.'!r*;* it"l ie f:ř'i*'lťeť

Organic matter, which includes humus, is clerived
mainly from decaying plants and animals, or from
the secretions of living organisms. Fallen leaves
and decaying grasses and roots are the main
source of organic matter. Soil organisms, such as
bacteria and fungi, break dolvn the organic matter
and, depending on the natuÍe of the soil-forming
processes (F'igule 70.I7), help develop up to three
distinct organic layers at the surface of the soil
plofile (Figure 10.5):

I or leaf litter layer: plant remains are still
visible.
F or fermentation (decomposition) layer:
decay, which biochemically involves veast, is

most lapid, although some plant remains are

stili visible.
H ol humus layer: plimarily organic in nature
urhcre, tbllowing clecomposition, all recog-
nisable plant and animal remains have been
broken down into a black, slimy, amolphous
organic material.

Wherever soil biological activity is low (due to
one or a combination of acidity, low tempera-
tures, uretness or the difficulty in decomposing
organic matter), soil organism activity is greatly,

reduced or absent. As the litter laver cannot be

mixecl into the soi1, then organic horizons build
up to give the distinct |, F and H layers of a moÍ'

Where soil organisms are activc, they will
readily mix the lltter into the soil, dispersing it
throughout the Á horizon where it decomposes
into an Á horizon rich in humus _ the mull 1ayeL'

Where organic material and mineral matter do
mix, mainly clue to earthworm activity, the result

is the clay-humus complex (page 268). The
clay-humus complex is essential for a fertile soil
as it provides it with a high water- and nutrient-
holding capacity and, by binding palticles
togethel, helps recluce the lisk of erosion.

F<:=)-
/1ř.\l

r|Ú{/ .Ý-FJ l l
\---t/ l-----r

€d €?_v

lí| lh!l/lLl
AA Árt
/ť]l1lIi\lrtlltl
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AVaiIabiIity ď soil

molstute fot Plant use

(highly magnified)

Humus gives the soil a black or dark-brown

colour. The highest amounts are found in the

chernozems, or black earths (page 327), of the

North American Prairies, Russian Steppes and

Argentinean Pampas. In tropical rainforests, heavy

raintatt and high biological activity cause the rapid

decomposition of organic matter which releases

nutrients ready for their uptake and storage by

plants (Figures 10.6 and 11 .29c) or, if the forest is

iieared, for leaching out of the system' In drier cli-

mates there may be insufficient vegetation to give

an adequate suPPlY.

s s*E*ř}ttp*s€e$ť*

Soil moisture is important because it affects the

upward and downward movement of water and

nutrients. It helps in the development of horizons;

it supplies water for living plants and organisms; it

provides a soivent for plant nutrients; it influences

soil temperature; and it determines the incidence

of erosion. l'he amount of water in a soil at a given

time can be exPressed as:

I4z-R-(E+T+D)
(input) - (outPuts)

where: i4l= \/ater in the soil
* = proportional to
1l = ralnfall/preciPitation
T = transpiration
E = evaporatioll
D = drainage.

Drainage depends on the balance between the

water retention capaciý (\^/atel Stolage in a soil)

and the infiltration rate' This is controlled by

porosity and permeability which in turn is con-

trolled by the soil's texture and structure' It has

already been shown hou/ texture and structure

affect the size and clistribution of pore spaces' Clays

have numerous small pores (micropores) which

can retain $/ater for long periocls, giving it a high

water retentíon capacity, but which also restrict

rvilting
point

infiltration rates (page 59). Sands have fewer but

much larger macropores \ /hich permit water to

pass through more quickly (a rapid infiltration

rate). but have a 1ow water retention capacity' A

loam provides a more balanced supply of watel in

the micropores, and air, in the maclopoÍes.

The presence of moisture in the soil does not

necessarily mean that it is avaiiable for plant use'

Plants growing in clays may still suffer from water

stress even though clay has a high water-holding

capacity. Soil water can be classified according to

the tension at which it is held' Following a hear'y

storm or a lengthy episode o[ rain or snowmelt'

all the pore spaces may be filled, with the result

that the soil becomes saturated. When infiltration

ceases, water with a low surface tension drains away

rapidly under graviý. This is called gravitational
or free water which is available to plants when the

soil is \ /et, but unavailable when water has drained

away. C)nce this excess water has drained away, the

remaining moisture that the soil can hold is said to

be its field capacity (Figures 3.3 and 10'12)'

Moisture at field capacity is held either

as hygroscopic water or as capillary water'

Hygroscopic water is always pre\ent, unless the

soil becomes completely dry, but is unavaiiable for

plant use. It is found as a thin film around the soil

particles to which it sticks due to the strength of its

iurface tension. Capillary water is attracted to, and

forms a film around, the hygroscopic water, but

has a lower cohesive strength. It is capillary water

that is freely available to plant roots' However, this

\ /ater can be lost to the soil by evapotranspiration'

When a plant loses more v/ater through transpira-

tion than it can take up through its roots it is said to

suffer water stress and it begins to wilt' At wilting
point, photosynthesis (page 295) is reducedbut,

orovided water can be obtained relatively soon or

if the plant is adapted to drought conditions, this

need not be fatal. Figure 10.12 shows the different

water-holding chaÍaCtelistics of soil'

field capacitY

gravitationaI WateÍ

'saturated

,.,,,.:,,, decreases

gravitational water unavailable for

plant roots; lost bY gravity

hygroscoPic water

drought
increasinglY drY

incÍeases *{smxg*r::*xxx,'i'll.!..ť:!:..1..|'.::,

hygroscopic water
unavailable for Plant
Íoots; aIWay5 present

capillary water available for plant

roots; Iost by evapotranspiÍation

.\\\
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Nutrients needed

by plants

ll.l.:..1,0.'r.

',::,:,:::,4:::.:::

N

S &ir
Air tills the pore spaces ieft unoccupied by soii
moisture. It is oxygen in the air that is essential
for plant growth and living organisms. Compared
with atmospheric air, air in the soil contains more
carbon dioxide, released by plants and soil biota,
and more \ /ater vapour; but less oxygen, as this
is consumed by bacteria. Biota need oxygen and
give off carbon dioxide by respiration and through
the oxidation of organic matter. These gases are
exchanged through the process of diffusion.

7 SeiE &ťffemřsřtts {bfiwta3
Soil organisms include bacteria, fungi and earth-
worms. They are more active and plentiful in
\ďarmer/ well-drained and aerated soils than they
are in colder, more acidic and less well-drained
and aerated soils.

Needed for basic cell construction. 0btained from air

an0 water.

Organisms are responsible for three important
soil processes:

** Decomposition: detritivores, such as earth-
\,rorms, ants, termites, mites, woodlice and
slugs, begin this process by burying leaf
litter (detlitus), which hastens its decay, and
eating some of it. Their faeces (wormcasts,
etc.) increase the surface alea of detritus upon

which fungi and bacteria can act. Fungi and
bacteria secrete enzymes which break down
the organic compounds in the detritus. This
releases nutrient ions essential for plant
growth (soil nutrients, Figure 10.13), into the

soil while some organic compounds remain
as humus.

x Fixation: by this process, bactelia can trans-
form nitrogen in the air into nitrate, which is

an essential nutrient for plant growth.
:ll Development of structure: fungi help to

bind individual soil particles together to give
a crumb structure, while burrowing animals
create passageways that help the circulation of

air and water and facilitate root penetratior

& $oÍlftutťiegŤts
Nutrient is the term given to chemical elements
found in the soil which are essential for plant
growth and the maintenance of the fertility of
a soil (Figure 10.13).'fhe two main sources of
nutnents are:
1 the weatheling of minerals in the soil, and
2 the release of nutrients on the decomposition

of organic matter and humus by soil organisms.
Nutlients can also be obtained throuch:
3 rainwater, and
4 the artificial application of fertiliser.
Nutrients occur in the soil solution as positively
charged (+) ions called cations and negatively
charged (-) ions known as anions. It is largely in
the ionic form that plants can utilise nutlients
in the soil. Both clay and humus, which have
negative charges, attract the positively charged
minerals in the soil solution, notably Caz*,Mgzr,
K+ and Na+. This results in the cations being
adsorbed (i.e. they become attached) to the
clay and humus particles. The process of cation
exchange allows cations to be moved between

xx soil particles of clay and/or humus and the
soil solution

xx plant roots and either the surface of the
soil particles or from the soil solution
(Figure 10.14).

ij'l l:ll

Ca

Basis ofplant proteins. Promotes rapid growth. lmproves

quality and quantity of leafgrowth.

Encourages rapid seedling growth and early root formation.

Helps in flowering and with seed formation.

EspeCia||y importa nt for root CÍops'

HeIp5 With pÍoduCtion of pÍoteins and in overcoming disease.

Strengthens stems and ÍaIks.

Reduces acidity' HeIps with growth oÍ roots and new shoots'

Used in photosynthesis, being a basic constituent ofchloro-
phyll. I mportant for arable crops.

Helps to increase yields.

Used in respiration, pÍotein synthe5i5 and enzyme

reactions.

Reduces toxicity ofother elements in soil. Helps

enzyme rea(tr0n5.

Helps in fruit production.

Needed in nitrogen fixation by activating enzymes.

lmportant constituent of grasses.

Helps growth.

Can increase yields ofsome crops.

HeIps fÍuit trees and bushes.

(u

ffi
Molybdenum Mo
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cIay paÍticIe (_)

fcations adsorbed on clay-humus I
] 
particle from weathering of parent 

I

|rock and decay oÍ organic matter ]

lhvdroqen ions 
-l

| 'át"u'éo l

ffrom vegetation ]

freleased hydrogen I
I 
cations increase soil [equal charge I

I 
acidity and weathering I I 

of cations 
I

lof parent material -.1 fexchanOed I

[nutri"ntt 
..l

] 
absorbed bl 

I

Lplant root 
]

The proces of
(at on exchange

(Ú/rer(ourtney and

Trudgili)

The pH scale showing

soil acidity and

alkalinity

increasingly acid
pH

(logarithmic)

As well as providing nutrients fol prlant roots, the
cation exchange rcleases hydlogen which in tuln
incrcases aciclity in tl-Le soil (see below)..Acidity
accclclates WeatheÍing of parent rock, t eleasing
lnore rninerals to replace those used by plants
or lost through leaching. The cation exchange
capacity (CEC) is a measure of the ability of a soil
to retain cations fol plant use. Soils with a lonr
CEC, such as sancis, are less able to keep essen-

tial plant nutrients thar-r those with a high CEC,
iike clavs and humus; consequentlv they are less

fertile.

ii .e*i*ir:iXr {ri{i
As mentionecl in tire previous section, soil
contains pctsitivel;,' chalged hl.dt'ogen cations.
Acidity or alkalinity is a measure of the degree
of conccntr atiorr of these cations. It is measured
on the pH scale (figr,rre 10.15), whlch is loga-
rithrnic (comparc the Richtel scale, Figure 1.3).

This means that a reacling of 6 is 10 times more
acidic than a rcading of 7 (n hich is ncutral), ancl
100 tlmes rnole acidic than one of 8 (which is

alkaline). Most Britlsh soils are slightly acidic,

although in uplancl Britain acidity increases as

the heavier rainfall leaches out clcrnents sttch

as calcium faster than thelz can bc replacecl by
weatheling. Acid soils therefolc tend to need con-
stant liming if the;z are to bc fartned successfully.

A slightly acicl soil is the optimum for farming
in Britain as this irelps to lelease secondary min-
erals. However, if a soil becontes too acidic it
releases iron ancl alurniniurn whicl-t, in exccss,

ma1, bccome toxic ancl poisonous to plants and
organisms. lncleasecl acidity makes olganic
matter more soluble and therefore vulnerable to
lcaching; and it discourages living organisms,
thus reclucing the rate of breakclolvn of plant litter
and so is a factol in the forrnation of peat.

In areas wherc there is a balance bctween pre-

cipitation and evapotranspiration, soils are often
neutral, as in the Arnerican Prairies (page 327);

while in areas witir a water deficiency, as in deserts
(page 323), soils are mor:e alkaline.

'j * ::,*i: t*;t:i*t,l.l;xŤ;*;'*

Incorning radiation can be absorbecl, t'eflected
or scattered bv the llalth's sulface (l'igure 9.4).

Ht .^2+ Na'

The topsoil, cspecially íf vegcta-
tion cover ls líniitecl, heats up more
rapidly than the strbsoil duting
the daytime and loses heat morc
lapidly at night. A'warm', ntoist
soil will have greatel biota activity,
giving a lnore rapid breakdown of
organic matter'; it will be ntorc likely
to contain nutrients becar"rsc the
chemical weatheling of tire parent
material will be fastcr; and seecls will
germinate more reaclily in it than in
a 'colcl', dly soil.

neutral

7

increasingly alkaline

battery
acid

temon
juice

I

ca ustrc
soda

soils

dominant
cation
element

2.2 lowest clean rain I

(in equiiibrium with atmosphericCO2)

Fe and Al released

l0 1l 12 l4
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W rhe soil pit. soil study in the field

Begin by reading a book that describes in detail

how to dig a soil pit and how to describe and

explain the resultant profile (e.9. Courtney and

Trudgill, 1984, or O'Hare, 'l 988; see References at

end of chapter).

First, make sure you obtain permission to dig a pit.

The site must be carefully chosen. You will need

to find an undisturbed soil - so avoid digging
near to hedges, trees, footpaths or on recently
ploughed land. ldeally, make the surface of the pit

approximately 0.7 m2, and the depth 1 m (unless

you hit bedrock first). Carefully lay the turf and

soil on plastic sheets. Clear one face of the pit,

preferably one facing south as this will get the

maximum light, to get a'clean'profile so that you

can complete your recording sheet. (The one in

Figure 10.16 is a very detailed example.) Sometimes

you will not be able to take all the readings due

to problems such as lack of clarity between

boundaries, time and equipment; sometimes some

details will not be relevant to a particular enquiry.

Make a detailed fieldsketch before replacing the

soil and turf. You may have to complete several

tasks in the Iaboratory before writing Up youÍ

description. You can gather information from a soil

without needing to know how it formed or what

type it is. Remember, it is unlikely that your answer

wiil exactly fit a model profile. lt may show the

characteristics of a podsol (Figure 12.40) if you live

in a cooIer, r'rretter and/or higher part of Britain; or oÍ

a brown earth (Figure 12.34)if you live in a warmer,

drier and/or lower part of the country - but you

must not forceyour profile to fit a model.

Soil recording sheets

b soil profile

Parent rock Altitude
(geological map) (estimated from

0rdnance Survey map)

Exposure Drainage

(exposed, (shedding or receiving site,

sheltered) floodplain,terrace,boggy)

Angle ofslope
(Abney level)

Natural vegetation

or type offarming
(tree species, ground

vegetation, crops,

animals)

Aspect

(bearing or

compas point)

Previous few dayí
weather

(warm, cold, wet, dry)

Relief

(uniform, concave ot

convex slope, tenace)

0ther local details

(Íemem0er y0ur

labelled fieldsketch)

tMffitttttilttŇttffi
Howto measure

read, fromtop

estimate ofsoil

and surface

meaSure

sharp,

aDrupr,

ctear,

indis-

tinct,

gradual,

irregular,

smooth,

0r0Ken

use

Munsell

colour

r:haft

percenr-

age clay,

siIt 0Í

san0;
'feel';

sieve5;

sedimen-

tation

size of structure-

stones, less

number crumb,

ofstones, etc.

shape of

5T0nes

t00se,

friable,

firm,

nar0,

plastic,

sticky,

soft

pH

papeÍ 0r

soil-

testrng

kit

weigh time

sample, taken

evaporate fora

WateÍ, beakerfu|

reweigh of water

sample,or to

use a infiltrate

moisture

meteÍ

type,

estimate

percent-

a9e'

mea5ure

depth

weigh, add dilute

burn (1070)

sample hydro-

(and chloric

roots), acid; ifit
reweigh effer-

sample, vesces,

calculate sample is

percent- over 170

age carbonate

number,

types

270 Soils



:,a ,l:, l:,:,'

5oil{orminq processes

(i) Eluviation and
llluvlatron lpage 262)

(iv) Gleying (v) Calcification

- E, Weath.ering: parent rgc! 
. 

(r)i'' hyprÓy|is

(Pages 42-43) (iv) reduction

ffr*e*sses *$ g*ě$ $*rxmm€*gxm

Numerous processes are involved irt the formation
of soil and the creation of the profiles, stÍuctules
and other features described above. Soil-forming
processes depend on all the five factors described
on pages 260-262. Some of the more important
processes are shown in Figure 10.17.

3 Er&r*mř&en$erg
As described on page 263 and in Figure 10.2,

weathering leaves primary minerals as residues
and produces secondary minerals as well as deter-
mining the rates of release of nutrients and the
soil depth, texture and drainage. In systems terms,
this means that minerals are released as inputs
into the soil systern from the bedrock store anc
transferred into the soil store (Figure 10.6).

# &ďggmťťrcm*ďgm xrraď *řx*ďaawÉďřťť$$Ť

Humification is the process by which organic
matter is decomposed to form humus (page 266) *

a task perforrned by soil organisms. Humification
is most active either in the H horizon of the soil
profile (Figule 10.5) where it can result in mull (pH
5'5 to 6.5), or in the upperÁ horizon where it can
produce mor (pH 3.5 to 4.5) (page266). Moder
(pH a.5 to 5.5) is transitional between the mor and
mull (page 262).

As organic matter decomposes, it releases
nutrients and organic acids. These acids, known
as chelating agents, attack clays and other min-
erals, mainly in the Á horizon, releasing iron and
aluminium. The cheiating agents then combine

'l''ť

Podsolisation

(vi) Salinisation

{ii) hvdration (iii) oxidation

(v) solution

with the cations of the ilon and aluminium
to form organic-metal compounds known as

chelates. Chelates are soluble and are readiiy
transported downwards through the soil profile

- the process of cheluviation. The iron and alu-
minium may be deposited in the lower profile as

they become less soluble in the slightly higher
pH levels found there (Figure 10.5).

3 #rgr*caďe s#flťss}#
Several processes operate within the soil 1.o re-

organise mineral and organic matter into horizons,
and to contribute to the aggregation of particles
and the formation of peds.

# &*,pgtsď*c#řď€}ťŤ mťs*r$ *'ya*f*rímfs
Translocation is the movement of soil compo-
nents in any form (solution, suspension, or by
animals) or dilection (downward, upwarcl).
It usually takes place in association with
soil moisture.

In Britain, there is:

:::r usually a soil moisture budget surplus due to
an annual excess of precipitation over
evapotranspiration (water balance - Figure 3.3)

x locally, an increase in soil moisture due to
poor drainage.

The increase in soil moisture, resulting from
these two factors, can lead to:

:;: either the translocation processes of leaching
and podsolisation, or

:* gleying associated with areas of poor drainage.
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262
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]. .. 1:i...:..]]j;'Í.j:

I,eacIling is thc. rcrrlor''al tlf stl]tlble nlaterial iÍl
soILrtion. \'Vhcre l)recilritatiolr excccds c\/allotrall-
sl)iration and soil (ll'ainagc is goocl, railln/atcr

- coIltainilrg ox\'8cn' caIb()níC aci(l a1lCl organic
acicls, col lcctcd as it l)asses thfough the sr-rrfacc
Vegetation - causcs cliclilical n,eathering, the
blc.akclor'r,n of clavs al)d the clissolvitrg ()f solLlblc
salts (bases). (,a ancl \,{g arc eluviatecl florrr thc .1

horizon, rnaking it incrcasingll' acicl as tltetv arc
leplacecl lty hyclrogcn ions, ancl ale subsecluentlv
illurriatecl to thc unclc'rlying IJ horizon, or are
lcachecl out of the svstenr ([rirtrrc 10. l8).

.''l; i.: j.':.,. ť.]; ť:i 
j. 

i.:; iÍ i.,..l;';. l
l)odsolisation is nrol't: comnon in cool cli-
tll atcs t'v]l c.rc 1lr.eci pi tati rln i s grcat lr' Í t-t cxcess
ol cvapotranspilation ancl nthcrc soils are r'rrel.

clraint'cl or sanclv. l)oclsolisation is also clcfinecl
as tl-rc rcn)oval of irorr anrl alunriniurn oxirlcs,
t()gethcr,uvith burnus. ,'\s the surfacL. ve!{ctati()lt
is often conil'crous folc'st, heathlancl ol lltoors,
lain pelcolating through it becornes progres-
sir.'elv mole acirlic ancl rnav reach a pll of 5.0
or less (lrigult' I0. i5). Tliis in tuln clissolves an
itlcreasirlg itlllOUnt atlcl number of ilases (Ca, NÍg,

Na anrl I(), silica and, ultintately, the sesqlliox-
jrlcs of ilon ancl alurniniunr (Figule 10.19).'l'he
lcsrrlturrt podso! soil (|igrrrc. 12..10) thelefore has
tr.vo clistir-rct horizorrs: the blcacliccl .,1 l-iorizorr,
clraincd of coloulecl minerals b1' lcaching; ancl
the leclclish-blor,vn lJ horizon r'r,here the ses-

cluioxicles have been illuviatccl. Oftcn the ilon
clcprlsits frlt.nl an irrrrr pan which is a cha[aCt€]I-
istic of a poclsoi.

:'r'rr',,i *il,a'i' :tr':.:
'l'his occurs r rircn the outpr,rt of water lrotn
thc- soil svstcnl is restrictecl, giving anacrobic
or watcrloggccl conciitions (page 275). This is
tnosl likclv to occur on gentle slopes, in clcltrts-
sions n'hcrc thc untlellving rocl< is irnpernrc-ablc,
lrrhere thc n'ate r tablc is lrigh enough tc) clltcr
the stlil piclfilc (t..g. alclng r:iver fl<lrlriplaills) OÍ i1l

aleas witir verv hcar') rainfall ancl 1lo<tr clrainage.
IJncler slrcir conclitions thc pore spaces fillr'rrith
stagn a n t 1113{ 11y 11r f 1 i1-11 ltccor-nes cle-oxygen i sed
.l.he 

r.eclclish-colclltrcc1 tlxíclist.cl Jrtltl, iron III 1I.g.l*

ol ferric iron), is chc'nricalll'reclucecl to folnr
iron ll (1.e2: or ferlous iron) n'hich is gre.r,-ltlue in
coloLrr. Occasionallr., pocLets of air r:c-oxvgcnise
thc irort II to gir.r' scatterinss of retl rlottlcs
(Iritrrrt- 1O.26). r\lthough nrany llritish soils
slron sornt' cviclcnce of gler.'ing, the condiiions
cicr'c l clp l]i()st cxtťll sil'el\- <ltt tn oorl a n cl pl a tcaus.

some loss of nutrients to the soil - - - -system by throughflow

parent material

The processes of leaching

precipítation greatly exceeds evapotra nspiration

mor humus 
rl{tt

pÍecipitation exceeds evapotÍanspiration

II
actos, H '

I

Ý

slow breakdown of clays
removal ofCa, Mg, Na and K

acidictttlÝÝÝÝ
soluble mineral salts (bases) nutrients

redeposition in sequence of
Fe, Al, and clav \'\

serious loss of bases to the '- -
soil system by throughflow

parent material

Íedeposition of c|ay (and B horlzol

perhaps a little iron) , (illuviato

\
Ca,ili

Na,l(

( ostt,

thesr

many organic acidt H+ and chelating agents

rapid breakdown of clays
leaching of bases: Ca, Mg, Na and K

pH under 5.0 releases Fe and Al

white/grey acidic horizon

VV'+
Ca Mg Na K Fe AI SiN

some deposition of organic materral
Ý,.. . *i,.ooPa'n'll . : .'.....|:.:.

I
organic

I
Á horlzl

(elu\/rai i

A hoÍZi]

(etu\/ at!l

B horlzor

(illuviat o,

- Ca,l\4q,
-*Nu,l(-

. (lost to

the syíenl

The process of podsolisation

(,ourtncv ancl lmclgill llrigtrrc 10.20) har,e

sunr nr a ri sc'cl t h c rclati on s h i p bct r'r''cen leachin g,

poclsolisatíclrl ancl gler'irlg, and preci1litatiorr
ancl drairragc.
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low inpul

ů:
low +high

preciPitation (water inPut)

1l:. i.]i:r.il ;'i'.i.::í,:!1:.:: ť..,!.:|

(lalcification is a process ty'pical of lolv-rainfall
ilrcaS \,Vherc preci pita ti rlr l j s t-ither. €]q tta l to,

or s I i.ghtlv liigh el than, t'r,a po ttan spirati ott.

Althorigh tircre tnal llt' solttc lcachir.rg, jt is in:uf-
ficie'nt to rcnrove ali tlte calciLlll'l r,'t'hicl-t then
accurntrlates, in rr-'[ativel,r'' stlalI atnoullts, it-t

the lJ horizon (FigLrre 10.21;attcl chernozems,
pa9e.3271.

:' l'':; ::''li.::..i.i :i.ť i.:i..Í;.ii

This occurs \\,he11 p()tential ct'apotranspiratioll
is greatcr than pr'ccipitation in placcs'i.vl-rerc the
water table is nc'at to the surface. It is thele fore
fclurid locally íll clr1'clirnates erttcl iS n()t a chatac-
te[istic of ciescri soils. As il'toistttre is evaporatecl

flom the surfar-c', salts are dt'awtr upr'varcls in
solution by' capiilaly .1ctiott. Furthet evapora-
tion rcsults ir-i the cleposition of salt as a hard
cltrst (|igule I',\"2'2) Salirtisation has becotne ;t

critical ploblcrrr in uratty irrigatecl at'eas, sttch as

Calil'or nia (figure 1 6.53).

good I

podsolisation

pře(ipitation (water input)

;1 * :l"t ;p i. # ř;;} í'* * t i.! :1 {:j i iit t ť.ii "* 
{:.1 ;.' } řj ! :i' i.l i { t

.ii}.'rt'r;*i *'ri{*;

Zonal soils arc lrature soils. 'l'hey resttlt trom the

maximur.n cffects of climate ancl lit'ing tnatter
(vcgetation) upon parcnt rock in arcas rvhet'e there

are no extrelnes of r'vcathelit-rg, relicf or clrainagc
ancl n hclc tl're lanclscape ancl climate have bcett

stablc for a long time. Cionsccluently, zonal soils

har,e hac1 tit.ne ttl dcr,elop cllstinctive proťilcs and,
r.isua111', clear horizons. Howerrcr, lt is misleacllng
to implv that ali zonal soils havc distinct horizons;
blor,r'n cartl'rs (pagc 329), chernozems (pagc 327)

ancl plailie soils (page -328) haire inclistinct hot'i"

zons which mcrge into each othet'. A clcscription
of the major zonal soils, ancl holr, thcir forma-
tion can be linked to climate ancl vegetation, is
givcn in Cliaptcr I 2 and Figure 12.2. It shoulci be

stlcssed that this linkage is regarcled by soil scien-
tists as gleatly outclated and a glossl.v simplified
model but it is still thc one usecl in all the latest

AS, A-level and Scottish Higher syllabuses that
cxamine soils!

&xq:nešnEl$*s

Azonal sclils, in contrast to zotral soils, have a

rrore rccent orlgin ancl occ-uL where soil-forn'ring
proccsses havc hacl instrfficient time to operate
ftr111-. As a consequence, these soils usually show
thc charactcristics of thc'it ctt'igin (i.c. pat ent
material, wlrich rnay har'e lesulted Írcln itt situ
r'r'eatheting of paÍent lock or have bcctt trans-
poltecl flom clsewhere' ancl clepositc'd), do not
have r'r'ell clcfinecl horizotrs, ancl atc' not associ-
ateci with specific clinratic-vegetational zones.

Azonal soi1s, in Britain, ir-rcltrdc scree (wcath-

ering), alluvium (fluvial), till (glacial), sancls

ancl gravels (glacifluvia1), sand duncs (aeolian
ancl rnarine), saltmarsh (marine), ancl volcanic
(tectonic) soils.

good
5oil{orming processes

and the water balance

(tigure 3.3) (aftet

(1]lrrtney and Trudqill)

r:proress of ca cification

low input

good drainage

high input

good drainage

cr

6

/jome ,'
capil ary -'
ad on: water
.ontaining

ta and Mg
/

Ca *'
M9
Na/
K 1-'

pÍecipitation equaI to or sIightly
greateÍ than evapotranspiration

tltÝÝV
oÍganic acids, H+

rtlttlÝÝv
VeÍy 5|ight Ieaching

/1 r IllÝVV
slight accumulation
of Ca, Mg, Na, K

/l
,'!

very slight loss of bases

parent material

The process of salinisation

precipitation much less than
potential e\.apotÍan5piratlon
rapid evaporation

] | sa|t cřust
lliÝ 'Y ,' V

some galns oÍ Dases
tllttt

capillary movementttl
high v/ater table

saturated soil

pa!'ent mateÍiaI
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vegetation cover

sa.*e\r *E.' '-c*
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A

enriched
clavs with., B
tron oxtoe
(illuviated)

greylyel low
CaCO3 

C
rrag ments

limestone
parent rock

1 11.,.it1, t1:-.4.t

(alcimorphir soils: terra

rossa and rendzina

i r;;:r'ltl l';i

A rendzina, Kent

thin, dark,
brown/black
mull humus

greylyellow
lower horizon,
blocks of
CaCO3

CaCO, higher
in drier areas

limestone
parent rock

řc,}trma*ffixř g*ÉBs

Intrazonal soils reflect the dominance of a single
local factor, such as parent rock or extremes
of drainage. As they are not related to general
climatic controls, they are not found in zones.
They can be divided into three types:
x Calcimorphic or calcareous soils develop

on a limestone parent rock (rendzina
and telra losSa/ Figule Ío.23).

t;; Hydromorphic soils are those having a

constantly high water content (gleyed
soils and peat - Figure s IO.26 and I0.27) .

x Halomorphic soils have high levels of
soluble salts u/hich render them saline.

ťmf**.*m*x'p&s*
1 Rendzina The rendzina (Figure 10.24)

develops where softer limestones or chalk
are the paÍent mateÍial and \^/here glasses
(the English Downs) and beech \ /oodland
(the Chilterns) form the surface vegetation.
The grasses produce a leaf litter that is rich in

bases. This encouÍages considerable activitv
by organisms which help with the rapld reo-
cling of nutÍients. The '4 horizon therefore
consists of a black/dark-brown mu11 humus.

Due to the continual release of calcium
from the parent rock and a lack of hydrogen
cations, the soil is alkaline with a pH of
bet\ /een 7.0 and 8.0. The calcium-saturated
clays, with a crumb or blocky structure, tend

to limit the movement of WateÍ and so thete

is reiatively little Ieaching. Consequently
there is no B horizon. The underlying lime-
stones, affected by chemicai weathering,
leave very littie insoluble residue and this,
together with the permeable nature of the
bedrock, results in a thin soil with limited
moisture reserves.

2 Terra rossa As its name suggests, terra rossa

(Figure 10.25) is a red-coloured soil (it has
been called a 'red rendzina'). It is found in
areas of heaqr, even if seasonal, rainfall where

the calcium carbonate parent rock is chemi-
cally weathered (carbonation) and silicates
are leached out of the soil to leave a residual
deposit rich in iron hydroxides. It usually
occurs in depressions within the limestone
and in Mediterranean areas where the vegeta-

tion is garrigue (Figure 12.24).

iir,r.it.. if.;i
Terra rossa, (uba

bare limestone

teřřa řossa

tttlrl
5Í
|Ť

l

++
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1 Gley soils Gieying occurs in saturated soils

when the pore spaces become filled with water

to the exclusion of air. The lack of oxygen leads

to anaerobic conditions (page 272) and the
reduction (chemical weathering) of iron com-
pounds from a ferríc (Fe3+) to a ferrous (FeZ+)

form. The resultant soil has a grey-blue colour
with scatterings of red mottles (Figure 7O.26).

Because gleying is a result of poor drainage and

is almost independent of climate, it can occuÍ
in any of the zonal soils. Pedologists often dif-
ferentiate between surface gleys, caused by
slow infiltration rates through the topsoil, and
groundwater gleys, resulting from a seasonal

rise in (he water tahIe or the presence oí an

impermeable paret-it rock.

2 Peat Where a soil is waterlogged and the
climate is too cold andior wet for organisms to

break down vegetation completely, layers of
peat accumulate r,F'igure I0.27). These condi-
tions mean that iitter input (suppiy) is greater

than the rate of Cecomposition by organisms
whose activity ratťs aÍe slowed down by the

low tempelatures and the anaerobic condi-
tions. Peat is regarded as a soil in its own right
when the layer of poorly decomposed matelial
exceeds 40 cm in depth. Peat can be divided
according to its location and acidity. Blanket
peat is very acidic; it covers large areas of wet

upland plateaus in Britain (Kinder Scout in the

Peak District); and it is beiieved to have formed

5000 to 8000 years ago during the Atlantic
climatic phase (Figure 11.18)' Raised bogs, also

composed oi acidic peat, occuÍ in lowlands
with a hear'y rainfall. Here the peat accumu-
lates until it builds up above the surrounding
countryside. Valley, or basin, peat may be

almost neutral or only slightly acidic if water

has-drained off surrounding calcareous uplands
(the Somerset Levels and the Fens); otherwise,
it too will be acid (Rannoch Moor in Scotland).
Fen peat is a high-quality agricultural soil.

éďm{*ratorpftÁe
Halomorphic soils contain high levels of soluble

salts and have developed through the process of
salinisation (page 273 and Figure 16.53). They are

most likely to occur in hot, dry climates wheLe, in
the absence of leaching, mineral salts are brought
to the surface by capillary action and where the

parent rock or groundwater contains high levels

of carbonates, bicarbonates and sulphates, espe-

cially as salts of calcium and magnesium and

some sodium chloride (common salt). The water,

on reaching fhe surface, evaporates to leave a

thick crust (e.g. Bonneville saltflats in Utah,

page 1BB) in which only salt-resistant plants
(halophytes, page 291) can gro\\r.

I

a.r:

::r x

Soils 275



a ' r,r.' :t.,r.-

Readings taken

along a catena

in Glen Rosa

Tfu*r $*ii r;tt*fi&
A catena (Latin Íor ,chain,) is a sequerrce of soil
types down a slope where each soil type, or facet
is ditferent fi'om, but linkecl to, its adjaccnt facets
(Figure 10..3). Catenas thelefore illustrate the way
in which soils can change down a slope where
there are no rnarked changes in cllmate or parent
material. Each catena is an example of a small-
scale, open system involving inputs, processes
and outputs. The slope itself is in a delicate state
of dynamic equiliblium (Figure 2.12) with the
soils and landforms being in a statc of flux and

ffis Arran: a soil catena

Figure 10.28 shows a catena based on fieldwork
conducted on the lsle of Arran.The transect was
taken from a relatively flat, peat-covered upland area

above the glaciated Glen Rosa valley, down a steep
valley side to the Rosa Water (parallel to, and south
oí the Garbh A||t tributary |ocated on Figure 4.37).

shedding zone

where the ratio of enrsion ancl cleposition varies

between the different slope facets. Soils on lolveL

slopes tend to be deepel and wettcr than those on

upper slopes, as well as being morc enriched bv a

range of leached materials. Thc thinnest and clrieý

soils are llkely to be found on central parts ofthe
slope. It takes a considcrable period of time for

catenaÍy relationships to bccome established anc1

therefore the best catenas can bc for-rnd in places

with a stable environment, such as in parts of
Africa, where there have been rclatively few lecent

changes in either the landscape ol the climate.

Notice, with reference to Figure 10.3, the location on

the transect of the shedding (eluviation or input),

transfer (translocation) and receiving (illuviation or

output) zones, and the i'elationships between the

angles of slope and (i) soil depth, (ii) pH and
(iii) soil moisture.
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o a GIS software package - this will contain

figr* 1 $.2i

Google Earth image

ďLondon, overlain

with geographic

information

For centuries cartographers and geographers have
been drawing and analysing maps by hand but, with
recent technological developments, this work is
increasingly being carried out by computers. Advances
in geomatics - the science of handling geographic
information * mean that huge amounts of data can be
combined with digital maps and computer graphics in
Geographic Information Systems (GlS).

the tools for manipulating the map and the
information

r the information itself - contained in a database, as
photographs, text or any other kind ofdigital data.

The base map can be made up of a number of lavers
showÍng geographicaI components such as height,
soils, settlement patterns or vegetation. These maps
come from many different sources including remote
sensing companies or mapping organisations such
as Britain's Ordnance Survey.

The GIS software ls the link that enables data to
be posltioned on the base map (Figure 10.30) and
contains tools to manipulate the base map, add
Ínformation |ayers a nd disp|ay the resu |ts. The data
added can be tailored to fit the end users ofthe
GlS. Public utilities such as electricity, gas and water
companies, for instance, can add information layers
showing the locations of their cables and manholes.
Data is not just limited to the surface but can
include features such as underground pipelines,
and computers can display the information as
a three-dimensional representation of reality.
Technicians can enter this virtual environment on
their screens, walking underneath the streets of
our cities to analyse the problems that occur within
such complex networks (Figure 10.3 i ).

a

a

a

It is estimated that around B0 per cent of all
digitally stored information has a spatialelement
or is tied to a certain place. powerful GIS software
packages enable geographers to vÍew, anaIyse,
Interpret, question and displaythis data in order
to reveal relationships, patterns and trends that
may otherwise be hidden.

Increasing numbers of businesses now use
GIS to make decisions about a wide range of
subjects. Examples include:

where to site gas and electricity services

thg optimal place to build a wind farm

the most efficient way to route emergency
vehicles

how to protect and conserve sensitive
wetland areas.

In the home, through basic internet-based
packages such as Google Earth (Figure 10.29),
many people use GIS to learn about the world
and to plan their leisure time and holidays.

A computerbased GIS needs three main
components:

. a computerised map - used as a backdrop
on which to place allthe other information;
this can be a conventional map, an aerial
photograph or a satellite imaqe

Linking layers through a Geographic

Information System
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GIS in the real world
'The application of GIS is limited only by the
imagination of those who use it.'

Dr Jack Dangermond, President of pioneering

GIS company ESRI

Across the globe, governments, local councils, the

military, private companies and individuals use GIS

daily to provide the services we take for granted.

Problems such as finding the best position for a

new power station or where to build a new cinema

or housing estate are all analysed using GlS. At an

índividua| |eve|, se|f-emp|oyed businessmen can use

home PC-based systems to improve their productivity.

Farmers, for instance, log on to analyse information

on weather patterns, soil tyoe and economic trends in

order to determine the best time to pla nt crops.

GlS in the Íuture
'lmagine looking down a st!'eet but instead of simply

seeing houses, shops and offices, your view has

added extras Iike tÍave| news, tours and even games]

Ordnance Survey website

As the capability of com pute rs increases, software

deve|opers are |ooking aÍ "Vays in which G|S can

orovide information in the future. Businesses are

constantly on the lookout for more digital data,

especially if it is available in realtime, and many are

looking to run increasingly complex simulations

Underground water pipe net'/vork in

Ballerup, Denmark shovrn in ArcGlS

through GIS before spending huge sums of money on

big building projects. Governments and international

organisations, meanwhile, are using systems to model

the effects of climate change, sea-level rise, pollution

incidents and other environmental disasters.

For personal users, the Ordnance Survey is developing

The Magic Window a handheld device that will

superimpose geographic data on real-world images

using a virtual l:1 scale map of Great Britain (Figure

1 0.33). Developments in the sharing of data through

the internet will also influence the availability of

free GIS packages, bringing the easy-to-understand

analysis of geographic information to millions of

homes around the world.

l

i

l

i

How the emergency

servi(es and the

police use Gl5

Emergency services

Avoiding delays when sending an ambulance on an emer-

gency call can be a matter of life or death. When opera-

tors take a phone call they aik for the location whete
help is needed and input the information into a GIS. The

system quickly idenlifies the nearest available ambulance
(sometimes by receiving data from satellites), builds a
picture of expected traffic patterns based on the time of
clay and analyses the data to determine the quickest route
the ambulance cre\,r should take.

Mapping crime

Criminal analysts working for the police use GIS to
locate, track and analyse incidents and help the police
predict where and when crimes are likely to take place.

Car thefts, for instance, often happen at night but are not
íepoIted until the morning when the olvners u/ake up.

By looking at patterns on their databases of abandoned
cars, overlain with information on known offenders, the
police are able to taÍget resources and have had notable
successes in catching criminals.

The MagicWindow

Further reference

L)eMers, M. (2009) GIS t'br Durnmies, John Wiley and

Sons.

Sornmer, S. and Wade, T. (2006) A to Z GIS: An
Ill u s tr ate d Dictio na ry of G e o g r a p hi c I rtfo r tnatiott
Sysferns, ESI(l Press.

http://mapzone.orclnartccsurvey.co.uk/mapzone/
giszone.html

r,r'ww. gis. com/rvhatisgis/incl ex.html

www. gis. rgs. org/whatisgis. h tm1

278



ý
ď
L

.ti
ifi
tq

Aswe have seen (page 262),soi can takes

thousands of years to become sufflciently

deep and developed for economic use

(exceptions include alluvium deposited

by rvers and ash ejected from volcanoes).

During that time, there is always some

natural loss through leaching, mass move

ment and erosion by either water or wlnd.

Normally there is an equi ibrium, however

fragile, between the rate at which soil forms

and that at whrch it is eroded or degraded.

That natural balance ls being disturbed by

human mismanagement witir increasing

frequency and with serious consequences.

Recent estimates suggest that 7 per

cent of the world's topsoil is lost each year.

TheWorld Resources Institute claims that

Burklna Faso loses 35 tonnes of soii per

hectare per year. Other comparab e figures

are Ethiopia 42, Nepal 70, and the loess

p ateau of North China 251 (Figure I 0.35).

Soil removed dunng a single rain storm or

duststorm may never be replaced.The Soil

Survey of England and Wales claims that

44 per cent ofarab e soils in the UK, an aiea

once consldered not to be under threat,

o'€^OÁaI lisl'/ i9Ule 0.]4)'

Soildegradation
Deqradation is the result of human failures

[o understand and manage the soi .The

major cause of sorl erosion is the removal

ofthe natural vegetation cover, leavinq the

ground exposed to the elements.The most

serlous of such removals s defor.estaticn.

ln countries such as Ethiopia (P aces /6,

page 520), the oss oftrees, resulting fronr

population growth and the extra ne ed

foríarmland and fue|wood, means that

the heavy rains, when tney do occLlr, a[e

'o o1ge' i1t. 166pcl by tl-e vegetatior.

Rainsplash (the direct impact of rain-

Crops, Figure 2.12) loosens the topsoil

and prepares it for removal by sheetwash
(overland flow). Water flowrng over the

surface has llttle tirne to tnfiltrate into the

so or recharge the soil moisture store

(pages 59 60). More topsoil tends to be

carr ed away where there is little vegeta-

tlon because there are neither p ant roots

nor organ c matter to bind it together Small

o 
^Cjimate 

change suggests that Bťitain wil]experience n.Iore seasonal exh€mes wjthwetter, stoÚnier wintels tln.l walmer.
dt'iersummers 

lpage 2551. wetter winfers

::ay 
mean waterlogged soris and an,::,*... in wrrler cro.ion. whilc dricr

,,:l: ". 
rrror.e likcll ro be .tr.ceprrblc 

rowrncl erosion.
. 

.':]no 
ttse cŽln afÍěct tlre soil. Íbr examplewhen grass is removed to er

arrd' without roots;;;'J:ň:. li:sotl becomes unsÍable.

t/K soil degr ad,ation
,t^:l,i:::r":,r, 

invotves borh rhe physicaitoss íeroriott t artd Ihc rcducI.
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eroded annually in rhe uK anctover I 7 per cent of arable land shows signs
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DegrarJation can resutr fi.om oneor more ofseverai factors:r physical 
degradation is,
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"";;; ;1,1"'j;::,:''",

:::.. 
n is a narural process, acceterated

óy hLrman activity. Erosiorr by wind islerr 
.u 

iriespread irrrrJ less i requent thart
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WateÍ but when it does occurrt rs ofien rnore severe. Esr

:::.: ]i 
e": ;:;; ;;;^1;T::l:ř:i

- 
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::::" 'r 
u hen orgunic nrrrrer. in rhc tormoi plant remains or organic rnanure, iswashed out of the sorl.

il.13fire 1.1.X

Soil erosion in Britain

channels or rills may be formed which, in

tirne, may develop into large gulleys, making

the land useless for agriculture (Figure 10.35).

Even where the soi is not actually washed

away, heavy rain may accelerate leaching

and remove nutrients and organlc Tnatter at

a rate fasterthan that at which they can be

replaced by the weathering of bedrock and

parent material and the decomposition of

vegetation (e.9. the Amazon Basin, Figure12.7

and P|aces 6ó, page 4B0).The |oss oftrees

also reduces the rate oftranspiratlon and

therefore the amount of moisture in the air.

There are fears that arge-scale deforestation

willturn areas at present under rainforest tnto

deserts.

Although the North American Pralries

and the African savannas were grass and

when the European settlers first arrived, it

is now believed that these areas too were

once forested and were c eared by fire

mainly natura due to lightning, but partly

by the local people (Case Study 1 2B).The

burning of vegetation initially provides

r-lrenl' Ío" 'le soi|, ou or\e l|.ese |-d\e

been leached by the rain or utilised by

crops there is little replacement of nutri-

ents. Where the grasslands have been

ploughed up for cerea cropping, the break

down of soil structure (peds) has often led

ro rl'e.'dryirg o-l ard beco-nirq eo"r Dre)

to wind erosion (Ftgure 10.34). Large quan

tities of topsoil were blown away to create

the American Dust Bowl ln the 
,l930s, while

a simi ar fate has more recent y been ex

perienced by many ofthe Sahel countrtes.

n Britaln, the removal of hedges to create

larger fields easier for modern machtnery

- has led to accelerated soil eroston b'y

wind (page 495).
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Soilerosion and soil management

Loess plateau
of NorthChina
This region, more than ?.5 tir-nes the
size of the UK, exper-iences the most
rapid soil loss in the world. During
lrntl Íb|lor,l ing thc ice uge .

Arctic winds transported large
amounts of loess and depositecl
this fine. yellow material to a
depth of 200 nr in the Huang
He basin. Following the removal
of the subsequent vegetation
cover oťú.ees and grasses to
allow cereal farming (especially
undcr the diler.tions ol Chail.nral
Mao), the unconsolidated material
has been washed away by the hearry
summer monsoon ratns, or blown
by yellow dust stonns, at the rate
of I cm per year. It is estimatcd

each annual sumrner flood - i.e. the 'Yellow River'. A
This material, the most carried further problenl is that ócm

that 1.6 bn ronnes of soil reach by any r:iver in the worlci, has
the Huang He River during given the Huang He lis name

oť silt settles annualiy on the
river's bed So that it ntlw Í.lor'vs

10rn above its floodplain.
Should the lar.ge ÍJood banks

be breachcd, the r.iver can
drown thousands of peopie
(over I rnillion in the 1939
flood) and ruin all cr-ops.

D'oLg'r 'to Cdt 1d\ p od . e '. ef'ect. ot
soils. Deep p oughing destrovs the soil

structure by breaking up peds (page 265)

and burying organic material too deep

for plant use. lt also loosens the topsoil

for future wind and water erosion. The

weight of farrn machinery can compact
the soil surface or produce platy peds,

both oíwhich reduce infi|tration capacity

and rnhibit aeration of the sorl. Ploughing

up- and down-hi I creates furrows which

increase the rate ofsurface runoffand the

process of gullying.

Overgrazing, especia ly on the African

savannas, also accelerates soi erosion.

Many African tribes have ong measured

their wealth in terms of the numbers, rather

than the quality, of their antmal herds. As

the human populations of these areas

continue to expand rapidly, so too do the

numbers of herbivorous animals needed to

support them.This a most inevitably leads

to overgrazing and the reduction ofgrass

cover (Case Study 7). When new shoots

appear after the rains, they are eaten lmme

diately by cattle, sheep, goats and cameLs.

The arrival ofthe ratns causes erosion; the

failure of the rains results in animaldeaths.

Where there is a rapid population

growth, land that was previously allowed

a fa low resting perrod now has to be cultt

vated each year (Figure I 0.36) - as are other

Burkina Faso
As the size of caltle ar.rd goat hctds
has grown, the already scant dry
scrub savauna vegctation on the
stluthern Íiinges ofthe Sahara ]ras

been totally rentovcd over
increasingly large areas. As thc
SJhlra'ld\ irncť..' the ltcrJcr.s
rtc f,'tccd lr) m(r\e suuthuiuds
lnto molstel. eÍlV1ronments Whel.e
they compete Íbr. larrd witlr

areas that were previously consrdered to be

too marg nal for crops. Monocu ture the

cu trvation of the same crop each year on

the sarne piece of land repeatedly uses

up the sarne soil nutrients.

sedcntarv tanltcl's tvlro arc aheady
strugcling ttl procluce sufŤlcient
Íbocl tbr theit.own increasing
numbeÍs' This clisruption oÍ
equi J ibrirrnr ťurther rccluccs the
land can'yirrg capaciry fpage 378 ]

i.e. the number oípcople thirt
the soil and cliurate of an area
can permanently support when
the land is pJanted with staple

clops. '['hese farmers har,e lont

been a.'l,are that thfce vealT

cropping had to be tbllonedbr
at least eiglrt ÍaIJow yean in oIdu

lbr grass ancl trecs to re establi\t

thcmselves ind or ganic n.tatter trr

bc replcnishcd. 'l-hc arrival oftlri

herclels has brought a land

shortage resulting in crops ltinl
gro\\'n on the sante plots o,err

year, ancl the

nutIient-dcÍlciťn1

soil. typical ofnrn,t

oí tropicaI AÍiicl. '
rapidly beconrirg

cven lcss
prociuctire. Thi:

ovelcroppinu. r
problem in nliin\ rl

the world's
subsistcnce lrcr:.

uses up olglnic
matteÍ and olhť|

nutrients. \\'er](ť]]\

soil structLrres utl
leaves thc sLrrllrr

exposeci anri Lhu'

susceptiblc t0

acccleralc(l cf(r\t0|.
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Soilerosion and soil management

The Soil Protection Review is carriecl out by Britirin's Í.armers aS palt of l.,.... .. ] .. ] ''
cross.compliance. It involves identitying soil issues, deciding on Íneasures ] ] ']'] ' ''..
to mílnage and protect soi]s, ancl then reviewing the lesults. The 2006 revicw Mitigation strategie5

conc]uded with thc Íbllowing recommended options to protect the soil fion for soi| degradation

phvsical decline and erosion:
. reducing mechanical operations on wet ground
. planting crops carly in autrrmn to pl otcct the soil during tl-re wintcr Íi.om

water eroslon
. ploughing across slopes where it is sat'e to c1o so (con-tpare FigLrrc | 0.38)
. usin-t low grouncl-pressure set Llps on machinery
. shephcrding ]ivestock ancl rotating forage areas
. planting and/or rntiintaining hedges or shelter belts to rcduce wind erosion

and measures to protect tl-re soil's organic ntatter:
. leavir-rg strar.v and other crop rcsidr-res on the land attcr a crop has been

harvestcd
. irrr'luding gllrss in cti'p rotlLionr
. applying animal mtrnurc. compost and setťa-Qc sludge
. using reduced or shallow cultivation to r-naintain or increase neiir-surlace

or-ganrc matter.

Many Í-iLrmer.s suggcst that these options at.c often already adoptcd but need

bettel co-clrdination togcther with contir-rucd targetec advice, inÍbnnation and

monitoring.

1n many parts of the world where

lrvestock are kept and flrewood is at a

premrum, dung has to be used as a fuel

instead of berng app ied to the land. In

parts of Ethiopia, the sale of dung - mixed

with straw and dried into'cakes'- ls often

iheonlysource of income for rura dt^rel -'ts

íthls dung Were to be app|ied to the fie ds,

rather than so d to tne towns, narvests

cou d be increased by over 20 per cent.

Water is essential for a productive soii.

lr.^or ) C i>o1 o ..wt.l o.-., .tp I

riverva eys (Figure l4.l), relied on irrrga

tion, as do many areas of the modern world.

Unfortunately, irrigation rn a hot, dry climate

tends to ead to sa inisation, with dissolved

sa ts belng brought, by capillary actrr;rq, i1'116

the root zone ofagricu tural trees anci :rops
(Flgure 16.53). Wells, sunk in dry tlim.:tes,

use up reserves of groundwaterwhich may

have taken many centuries to accumu ate

and which cannot be rep aced quicl< y (fossi

\,l/ater stores, page 190).The resultant low

enng of the water table makes it harder for

plant roots to obtain moisture.The sinktng

of wells in sub Saharan Afr ca, following the

drought ofthe ear y 1 980s, has uninten-

tona y created difficulties.The presence

ofan assured water supply has attracted

numerous migrants and their animals and

thrs has accelerated the destruction of

the rema nrng trees and exacerbated th.'
prob ems of overgrazing (Places 65, page

479). Even wel -rntentroned aid projects rrey

therefore be environmenta y darnaging.

Fertiliser and peslcides are not always

beneficia f applied repeatedly over long

pericCs. Chemicalferti iser does not add

or'!anic material and so fails to improve or

rnaintain soil structure.There is considerable

.oncern over the eaching of nitrate ferti

is..r into stTeams and underground water

supp ies. Where nitrates reach r vers they

enrch the water and encourage the rapid

growth of algae and other aquatic p ants

which use up oxygen, through the process

of eutrophrcation, to eave insufficient for

plant life (F-lgu re 1 6.50). The use of pesticides

( nc uding insecticides and fungicides) can

increase yie ds by up to 100 per cent by killing

off insect pests. However, their excessive and

random use also kllls vital sorl organisrns,

whrch means organic matter decomposes

more slow y and the release of nutrients ls

retarded. Chemica pesticides are blamed for

the decllne ln Britain's bee population.

Soilmanagement
Fertility refers to the abi ity of a soil to

provlde Íor the unconstralned or optimUm
growth of plants.The capacityto produce

high or low yie ds depends upon the nutrlent

content, structu re, textu re, d ra inage, acidity

and organic content of a particular sotl as

wel as the relief c imate and farming tech

niques. For ideal growth, plants must have

access to nine macro nutnents and ntne

mlcro nutrients (Figure 10.13). Under normal

recyc ing (F]qure l0'ó), these nUtrients Wi I

be returned to the sol as the vegetation

dres and decomposes. When a crop is har-

vested there rs less organ c material eftto
Ó^ 

^' 
|''Ó, |' Ó 

"|.eno-;Lo[Lhe
oi , o1 ano tol .olo PO lLtr. A l b.

an increasing shortage of macro nutrlents,

particularly nitrogen, ca crum, phosphorus

and potassium.Where thls occurs, and when

other nutrients are drsso vecr dfro edLreo
from the soil, fertl iser ls essentra if yields are

to bre maintarned. Soils need to be managed

ca.ef |,.tÁo1 6to oo odl A.|d'i --
agricultura yields and cause east environ-

mental damage (Flgure ,10.37).

lf the most serious cause of erosion is the

remova of vegetatlon cover, the best way to

protect the soil is likely to be by the additlon

of vegetatlon. Afforestatlon provides a long

term solution because, once the trees have

grown, their eaves intercept ralnfallwhi e

their roots help to bind the soi together

and reduce surface runoff.The growing

ofground cover.rops reduces ra nsplash

and surface runofl and can protect new y

ploughed land frorn exposure to climatic

extTemes. lvlarrarn grass ancnors sano,

whrle gulleys can be seeded and planted

wlth brushwood. Certain crops and plants,

especially eguminous species such as

p-o5.O'dr..r O.o .l Ogor\e or' opabe
of fixing atmospheric nitrogen in the soi ,

thus improving its quality.Trees can a so be
p ;nl-rl to I I r\ .r r lh - 

'L S ald l^e f.'
be ts. This reduces the risk of wlnd erosion as

well as providing habitats for wildlife.

Soi can also be managed by improving

farm ng methods. Most arab]e areas beneít
from a rotation of crops, including grasses,

which improve soil structures and reduce

the ikelihood of soll-borne diseases which

may deve op under monoculture. Many

tropica soils need a recovery period of 5-15
years under shrub or forest tor each 3_ó

years under crops. 1n areas where slopes

reach up to 12", p oughrng shou d follow

t|-^cor'o'l.'Ío p .y.'|| Ó'.es.i\ótrro\'o''

On even steeper s opes (Figures '10.41 and

I6.29), terracing he ps to slow down runoff,

grvlng water more time to infiltrate and thus

reducing its erosive abrlity.

Strip cropping can invo ve either the
planting of crops in stnps along the con-

tours or the intercropprng of different crops

in the same field. Both methods are illus

trateC in Figure 10 38.The crops may d ffer n

height, tirne of harvest and use of nutrlents.
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Where eva potranspiration exceeds pre

cipltation, dryfarming can be adopted.This

entails covering the sollwith a mu ch of

straw and/or weeds to reduce moisture loss

and limit erosion. ln the Sahei countries, the

drastic depopulation of cattle following the

droughts ofthe 1 9BOs has given herders a

chance to restock with smal er (reducing

overgrazing), better quality (giving more

meat and milk) herds so that incomes do not

fall and the soils are given time to recover.

The addition of organic matenal helps

to bind loose soil and so reduces its vulner

ability to erosion (Figures 10.38 and 
,l0.39).

Soil structure and texture may be improved,

theoretically, by adding lime to acid soils,

which reduces their acidity and helps to

make them warmer; by adding humus,

clay or peat to sands, to give body and to

Stone lÍnes in
Burkina Faso

řiqxre 1s"ti*

Stone lines in Burkina Faso

Organic milk has more healthy benefits

,A,stud;otoreunicl;]]k':'l1[.,""i.l\::"JH:li::i:,TJi:ll.[."Tl]'F.ťl'Jil.j'

H*:*1,'''H::i{é"T'JJ.,]}''I:i--i:,1,:",if :i#.'i:r*:;l:T,".,"
r irrmins rhan t'rd1nr]1,;aro", 

*n'.n re\r\ hrve .n:.y: 
:,:i :lilil''J,',".l...i'r0.,..

ťonjugated linoleic acto t'

TJ;:;:ii:.f:J:il];,J,I'#liťil*::.j",::::T 
:ii,:''lii,::]j.i[;!. . -r.l.r.

- ffi :t l;::n ; J"i; ; ů ť.:i ili:i*l 
n : .* *' : i":I .!-iil[ 

;]:li,
..ř**",. u'o:*:-]*;:l',rff!,.'i"..'i:.i."-';j.;-.nt.xlo.i"oo"i';|*-.n..

'JJ.KllTlLl'":i::': iilJ' r' J"" ti.. r a co'1p ou n

;"i";'*t"n'tit' ;;.'jff''r,'
Washington State, U5A

improve their water-holding capacity; and

k',.:!i^^ ..^: +^ Á^-',',. .
Uy' duLl 19 \dl t-r lO rPdvy ( dyq, cO i'tp"OV'g

orair "ge dno de'ofion dno ndl.i^g thp-
lighterto work. In practice, such methods

are rare y used due to the expense involved.

Chemical (inorganic) fertilisers help to

r.p'el sh de[lt erl TU.lienrr, e,perio y

nitrogen, potassium and phosphorus.
rl,^:. ,,. ^ ;. ^. ^^^ i ^ ^. ^^. : . ,UVVCVť|l | | ř' U\c '\ cl Pc |)|Vť' c)ÝťL|d y

'o rotÍT]e '> in e. olon'ual y Iess deveIoped

countnes, and can cause envrronmenia

damage. Mary [arrer. in poo'e'cou'trie,
cannot afford such fertilisers and have to

rely upon o'Qoric [erril .er. An .ral dlng a'd

sLraw le[L a[Ler Lhe cerea ha'vesI are ri ed

oge her ard sp'ead over Lhe gro-nd.rhis
'np"oves soil sL'uc ture dnd. d. 't de, dys.

returns nutrients to the soil.Where crop

'otat or^\ a"e prac-ired, gldqse5 ddd o'go' .

Ťotte. óod e9.meS P'ov.de ni|'oge '

filled with water. When the water level is
equal at both er.rds ofthe hose' the bottom oí
the stakes must be ou the same contour. The
lines can be made during the dry season
when labour is not needecl Íbr t.arnring.
Altlrorrgh they take up only l or 2 per cent oť
cropland, they can increase yields by over 50
per cent' They also help to replenish Í.alling
water tables and can regenerate the banen,
crusted earth bcclruse soil. orgJnic mailel
and seeds collect on the upslope side of the
stone lines and plants begin to grow again.

Since 2000, Pracrical Action has been
Íinar.rcing the couStruction of clescent-shaped
terraces which, built of earth along the
contours of the land, last longer and hold on
to Vital Iainwater rnore efťrciently tharl
traditional scluare dams. Crops grown here
thrive in soil, rich in nutťients, that was
previously washed away.

This pro.lect, begun by Oxfam in 1979,
uimerl to intlotluer wrter.-harveslirrg
techniques Íbr tlee planting' It n]et with
resistance from local people who were
reluctant to divert land and labour from foocl
production, or to fisk dry-season water
needed Íbr drinking.

Attention was thereÍbre divertecl to
rmproving food production by using the
traditional local techniqrre oťplacing lines of
stones across slopes to reduce runoff
fFigures 10.40 and 16.641. When aligned
with the contours, these lines dammecl
rainfall, giving it time to infiltrate.
UnÍbrtunately' most slopes WeIe so gentle,
under 2', that local tarmers could not
determine the contours. A device costing less
than f3 solved the problcr.n. A calibrated
transparent hose, 1 5 m long. is Íixed at each
end to the tops oť stakes oí eqrra| lengths and
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n Britain and North America, a growing

l ^ be. o [d.Ťe d.p lLrning Io o.ga| :

íarming for environmental reasons (Figure

10.39 and page497 and Case Study 1 68).

lt4any soils suffer from either a shortage

ora surfeit of water. ln irrigated areas, water

must be continua lyf ushed throuqh the

system to prevent salinlsat]on. ln areas oÍ

heavy and/or seasonal rainfall, dams may be

built to contro flooding and to store surp us

'", |^' |Á^!'.i^.^^^í'^',,^. ^^^^l'^i'. ^VVoIc|. I cu ol o9qU VVoLř U99*U \U| a'

be improved by adding field dralns.

ln several Sahellan countries, people

use stones to build small dams which trap

water for long enough for some to inflltrate

into the ground; they also collect the soll

carr ed away by surtace runoff (Figures

10.40 and 16.64).

Soil conservation in northern Shaanxi (China)
According to historic records, the northern province of Shaanxi was
once a region with p|enty of Water, feÍtile |oess soi|, Iush grass and
livestock. Since then, overcultivation and deforestation have led to
severe soil erosion lFigure 1 0.351. This has in turn caused serious
desertification [Case Study 7], creating drifting sand dunes which
have buried farmland and villages, while frequent droughts, floods
and dust-storms have hindered the development of the local farming
economy. Agriculture fell into a vicious circle: people, because of
their poverty, reclaimed land but the more land they reclaimed, the
poorer they became because this land was also subject to erosion.

Since the early 1 980s, however, the central government has

encouraged and supported a comprehensive programme for erosior-t

control on the |oess p|ateau. The two main aim5 hdíe been to contro|
and stabilise drifting sand in northern Shaanxi and to transform the
soil throughout the province. This has involved the development of
irrigation projects, the terracing of hillsides LFigure l0.411, the
planting oftrees as a shelter-forest network against the shifting sand
|Figure 10.42] and the constructÍon of check dams [FigUre 10.43].

During the I 990s, the Loess Plateau Rehabilitation Project was set

up with the twin aims of increasing the income of local farmers
and reducing sediment flow into the lluang He. The project has
involved engaging the local farmers and government officials in
pIantÍng more trees, bushes and grasses that Were previousIy
native to the region; creating terraces for agriculture; planting
orchards and vineyards; and constructing more sediment control
dams and irrigation networks. At first the farmers and officials
were sceptical about restoring so much land and leaving it for
nature, but the desperate poverty ofthe plateau region led them
to co-operare.

5oil - tenaced

hillsides in 5haanxi

A check-dam bed of former gulley

Each year more than 4 per cent ofthe eroded area is targeted for soil
and water conservation projects.

The success ofthe Loess Project can be seen in the huge tracts of
land that are now nurturing young forests; the crops grown in newly
created fields along valley floors; the reduction in the amount of soil
washed into the Huang He or blown towards Beijing in dust-storms;
the restoration ofan ecosystem; and, within a decade, the quadru-
pling of the income of local people. The project has helped promote
sustainable and productive agriculture and improved the standard of
living and quality of life of local people.
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Department of Environment
(Malaysia), controlling soil erosion:

www. jas.sains.my/doe/new/index.html

Nature journal:
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n atuÍe. com/nature/

Soil salinity and erosion control in
Alberta, Canada:

www. agric. gov. ab.ca I app21 I rtw/index.
jsp - use search option

UN Convention to Combat
Desertification:

www.un ced.int/main.php

UN Food and Agriculture Organisation,
desertification:

www.fao. org/desertif ication/def ault.
asp?lang=eng
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1 a i Whatarethetwomaincomponentsofasoil? (2marks)

ii StudyFigure 10.1 (page260)anddescribehowtwoof
these factors affect the formation of a soil. (4 marks)

iii Whydoesthewatercontentof a soil varyfrom thetop of

d Explain the processes by which a brown earth is formed.
(6narks)

e In what type of area would you expect to find a brown earth

within the British lsles? (3 markl

f What effect is a farmer trying to achieve when ploughing a

brown earth? (5 markl

4 Choose one example of soil you have studied in the field.

a i ldentifytheaimsandobjectivesofthestudy. (3markl

ii Describe the main features of the area where the
fieldwork was carried out. (3 markl

iii Explain howthefieldworkwas planned beforethetrlp
took place. (3 markl

b Describe the methods used to collect the data (your
response should include'whatl'whyi'wherei'how'and
'how it was recorded'). (Bmarkl

c i Foronepieceofanalysisyouhavecarriedout,explain
how the data were sorted to prepare them for analysis.

H markl

ii How were results prepared for presentation after the
fieldworktrip? Hmarks)

5 a |dentiý and exp|ain the five main factors affecting the

a slope to the bottom?

b What is a'soil horizon'?

c Choose one soil that you have studied.

i Name the soil.

ii Draw an annotated soil profile to show the main
characteristics of the soil.

d Why do farmers plough their arable land?

(4marks)

(4marks)

(6marks)

(5 marks)

2 a Whatcanhappentowaterwhenitlandsonthesurfaceofa
soil? (4 marks)

b i Whatdoesitmeanwhen'precipitationexceeds
eva potra nspiration'? (4marks)

ii What happens to the soil when leaching occurs? (5 marks)

c Name and describe a soil that results from the orocess of
leaching. (4marks)

d i Whywouldafarmerwanttochangesoilacidity? (2marks)

ii WhatcanafarnrerdotochangethepH of asoil? (2 marks)

iii How does the activity you have described in ii change the
pH? (4marks)

3 a What is a'soil horizon'? (3 marks)

b Drawan annotated diaoram to showthe main features of a
brown earth soil. 6 marks)

c What natural vegetation type and climatic type is associated
with formation of a brown earth soil? (3 marks)

F:: x nlTt'..-Ť'?: :i : :} : 
y--j-1'-:ť -x y:* y:1' 

* o * .

6 a Study Figure 10.9 on page 265. b
i Identiýthe constituents of soiIs a, b and c, and suggest a

name for each soil. (3 marks)

ii Plot the soil textures from Fiqure 1 0.44 onto a trianqular
9rapn. (5 marks)

b Explain how soil texture and soil structure can influence
farming. (9marks)

c ldentify two ways in which a farmer can improve the fertility
of the soil. In your answeryou should explain the effect of the
activity on the farmer's output. (Bmarks)

Study Figures 10.45 and 10.46 which showfour soils and their
locations.

a i Describehowthedepthsofsoilvaryacrossthisarea.
(4marks)

ii Account for the differences that you observed in a i.
(6marks)

I
h

c ForeithersoiI structureořsoiI texture,describe howyou
wou|d identify it in a soi|. In your answer you should identiý
equipment used and explain how to interpret the results.

0 marks)

&6'*6s5{64ě&s.4+6g&ý&á+9o8G..6.*.a...

Study soil profile B.

i Describe the humus layer in soil B and explain how it has

been formed. (5 markl

ii Describe the texture of the Á horizon in soiI B and exo|aln

how the texture affects farmino. (5 markl

c Explain why a farm on the Charnwood Forest would be
differentfrom one on the Lincoln Edqe.

řigxrc 1*.;1;1

Five soil samples

formation of a soil

b What is:

i soil texture
ii soil structure?

(l0marks)

(Bmarks)

d

e

t

61 26

337
879

'tl

60

13

90

30

55
34 36
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Char nwood Forest Vale of Belvoir Lincoln Edqe The floodplain ofthe
River Witham

290 mm 130 mm 200 mm 50 mm

S

Locatron

Average annual
excess of
precipitation
over evapotrans
piration at each
ofsitesA D

300

Crosrsection through

parts of Lei(eíe15hlre

and Lincolnshire

metreS

above
5ea- evel 100100

soutn west

0 10km

horizontal scale

A-D sites ofsoil profrlcr A D

(Figure 10.46)

I l clacial sands and gravels

iJ:] ritt (boulder clay)

l_] Jurassic limestone

fl ctays

l] Pre-Cambrian crystalline rocks

4.5

o.+

6.4

6.4

m
0-

25

50

75

cpH

6.4

6.8

Y.'
5.0

Profile B

4.8

5.0

cm
0

25

50

cm
0

Profile C

Jurassic limestone parent rock

100

125

which the classification is made

11 a Whatisa'soilcatena'?

Profile D

light brown clay loam with
olive-grey mottles

pH

6.1

N.B. Solid lines represent narro',4/ boundaries between soil horizons and dotted lines represent merging boundaries.
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8 a Using Figures 1 0.45 and 
.|0.46, iientiý which of the soi|s are ii Exolain whv it is classified as azonal. (3 marks)

(4 marks)

light brown loa'rr, weak crumb
structu re

5.1

l!9ht brown sanoy lŮam, M/ith some
stones, weak qranular structure

reo brmn tnd,. |;;,.;"t;ň'
many stone5, Weak 9Íanu!ar

-_-*-stiuguÍa**--_

glacia' srnds and gravels
p.íent 'nateliaI

100

125

zonal, azonal a nd i ntrazona I

b Select either soil B or soil C

i Describe the main characteristics of your chosen soil.
(4 marks)

ii AccountforthenatureoítheÁ horizon inyourchosensoi|.
(6 marks)

c Soil D is a peaty gley. Explain two aspects of this soilthat
make it difficult for a farmer ro cultivate. (6marks)

d Suggest two reasons why toil A is a very sha llow soil (5 marks) c

9 a Why does soil move dorvnhill? (5 marks)

b Describetwo unintended effects of human activityon soils.
(10 marks)

c Explain two ways in which farmers can combat accelerated 12
soil erosion. (10 marks)

1O a i Choose one azonal soll you have studied and draw an
annotated diagram to show the characteristics ofthe soil.

(7 marks)

Why do geographers and others classify soils? (5 marks)

ldentify one scientific soil classlfication system you have
studied. Making use of example soils, explain the basis on

b
c

(l0marks)

(3 marks)

b Explain how and why soil depth varies down the slope of a

catena. (7 marks)

Peat can develop in both the upland and the lowland areas of
a soil catena.

Explain how this happens, making reference to the
differences in the nature of the peat in the two areas.

(1 5 marks)

With reference to countries at different stages of development,
explain why farmers need to manage their soils more carefully

(25 marks)

Profile A

Pre'cambrian crystalIi ne paíent

ProfiIes oí soils at sites

A-D on Figure 10.45

--*-------l
dark red-brown loam, with

occasional fragments of

lrn"'Lon", 
j 

lg g9!,!? structUÍe

red-brown sandy clay loam
with occasional fragments of

limestone, weak platy structure

if farming is to be sustainable.
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