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ACCELERATED EROSION OF ARABLE SOILS WITH SPECIAL REFERENCE TO

THE WEST MIDLANDS

ABSTRACT

Whilst acknowledging the growing concern about the environmental
impact of modern farming on the soil system, there has been
little discussion about the natural extension of these problems
where cropping takes place on sloping terrain - soil erosion,
The widely held belief that accelerated erosion of arable

s0ils rarely occurs in the United Kingdom outside of parts of
eastern England affected by wind erosion, is challenged here.,
Evidence to substantiate the view that soil erosion (splash
erosion, sheet, rill and gully erosion) is widespread in lowland
Britain and is a cause for concern and action is derived in
general from a number of areas in the United Kingdom and in

particular from parts of the West Midlands.

On more than six hundred sites in the West Midlands where water
erosion was recorded by the writer during 1967-1976, soil
compaction and down =slope cultivation lines were identified

as major contributory factors in over 95% of cases.,

Three 'arable! parishes in east Shropshire are used as a case
study where erosion episodes have been monitored by the writer
(1967-1976). Of the total arable hectarage of each parish,
17%, 27% and 38% respectively was affected by a combination

of wind and water erosion over the stated period. The prin-

cipal causal factors, notably rainfall, wind, slope, soil



compaction and management practices are examined.,

A detailed analysis of daily and hourly rainfall data for key
stations provides background information for a special study

of soil erosion events during 1967-1969 and 1976.

The principal factors which affect the development of concen-
trated and unconcentrated surface run-off on arable soils are
examined and a tentative classification of erosional forms is

proposed.

In the summary a case is made for the introduction of a national
organisation to monitor soil erosion and provide guidance on

soil conservation measures,
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Introduction

Research into accelerated erosion* of arable soils by the
writer has revealed that the incidence of both wind and

water erosion is much more widespread in the West Midlands
than is generally accepted. Reference to other parts of the
United Kingdom with similar relief, soils and land utilisation
to east Shropshire provides further corroborative evidence

of erosion. However, although wind erosion is acknowledged
as a problem in eastern England there are few references

in the literature to the occurrence of seil erosion by water
as it is not considered to be a problem on arable soils in
lowland Britain. This assumption is challenged by the

evidence presented in Chapters 5, 8 and 10 of this study.

The main aim of this thesis has been to monitor and describe
erosive events in a selected area over a period of time in
order to assess the frequency, distribution, causal effects
and impact of erosive events on arable soils, The east
Shropshire parishes of Claverley, Rudge and Worfield were
chosen for a soil erosion monitoring survey. Fach parish
has over 60% of its hectarage of crops and grass in arable
and a so0il and land use survey had been carried out by the
writer (M.Sc. Thesis) 1968-1972. The findings of the ten-
year monitoring survey 1967-1976 are reported in Chapter 8;

The survey shows that out of a total arable hectarage of

—
* The term accelerated soil erosion is used here to mean erosion

wvhich is man induced or accelerated by man through agriculture,
in contrast to natural erosion or geologic erosion, which

is an important and integral part of the process of soil
development. '



%4097 for the three parishes approximately 325 (1324 ha)

has been affected by erosion during the survey period.,

These data are essentially qualitative and as such do not
provide information of soil loss per unit area. They do
show, however, that a more accurate assessment can be made

of so0il erosion hazard in an area and the fact that monitoring
surveys of this type have not been reported elsewhere in

the United Xingdom helps to explain the continued under-
estimation of soil erosion by water in the arable areas of

lowland Britain.

In order to obtain a better understanding of the causal
factors and effects of soil erosion reference has been made
to a wide array of papers, most of which have been published
in the U.3.4., and this review forms the subject matter of

Chapters 1 and 4.

A field programme of monitoring needs the backing of detailed
analysis of daily rainfall records for all available stations
within the study area, together with the establishment of a
number of automatic rainfall recorders, to provide informa-
tion on rainfall intensity. This has been effected for a
number of key stations in east Shropshire, many of which

have over 5C years of daily rainfall records, and computer
analysis has been run on this data. The frequency of rainfall
events during the station year (a rainfall event = 10 mm or
more in a 24 hr. period) has been analysed and this data
matched with hourly rainfall values for a number of key sta-

tions so that the erosivity of rainfall in this area can be



assessed, It has been observed that rainfalls of 10 mm or
more are erosive on fallow or partially covered sandy soils
when the rate reaches or exceeds 1 mm per hour. This data
is presented in part in Chapters 7 and 8 and is used in a
number of case studies for the years 1967-1969 and for
September 1976. The selection of the years 1967-1969 has
been made to emphasise that so0il erosion hazard is not restric-
ted to the occasional 'abnormal! season, which may have a
.long return period. September 1976 was selected as an
example of an abnormal month which was characterised by

more than three times the monthly rainfall and by six closely
spaced erosive events, each with higher than average rainfall

rates per hour which caused widespread and serious erosion,

Despite the large number of eroded.sites which have been
recorded very little quantitative data on sediment yield is
available, In 1976 work commenced on the establishment of
fractional-hectare plots on a permanent site within the
study area., Reference is made to this in Chapter 9, though
the experimentation is not regarded as an integral part cf
this thesis as it was not envisaged that either the finance
or labour would be available to install and manage permanent
Plots. However the problems encountered in monitoring of
this type (i.e. fixed plot studies) are discussed and the
advantages and disadvantages of different designs of plots

which have been operated by the writer are considered.

Reference has been made by a number of writers to accumulations

of 'hill-wash' against hedgerows and walls in lowland Britain

3.



and the time scale'for this depositional sequence is con-
sidered to be in the order of hundreds of years. This is,
perhaps, more accurately described as cultural erosion than
the nore accelerated forms which have been described here.
Toy (1977) considers the rate of erosion normal to an area
under a specific set of environmental conditions can be
greatly increased should those conditions be altered and
modification of these conditions can be a consequence of
natural events or man-induced. In either case the term
laccelerated erosion' denotes a positive departure from

the normn. Such a departure from the norm in British agri-
culture is considered to have taken place during the period
1939-1945 when over 2.7 million hectares (6.5 million acres)
of new arable land came into existence, a programme which was
made possible by a great increase in mechanisation. Since
then profound and lasting changes have been effected in the
agriculture of lowland Britain, which have had a marked impact

on arable soils and on the agricultural landscape.

It is against this background that the case for soil con-
servation is presented in Chapter 10. Soil conservation
measures should be applied before soil erosion manifests
itself as a major problem. The present official approach
to the problem (vested in the Ministry of Agriculture) is
too complacent and stands in marked contrast to the official

policy of State and Federal Agencies in the United States of

America.



CHAPTER X

1.1

1.3

Soil erosion and soil conservation in North America.

Evaluation of research work in soil erosion in

North America.

Aprnlication of research findings in the U.S.A. to

the United Kingdom situation,



l,l Soil erosion and soil conservation in North America

'Accelerated soil erosion has posed a latent if not chronic
environmental problem ever since agriculture became the
dominant mode of subsistence in parts of the old world,
almost 10 millennia ago', (Butzer 1974) yet it was to

reach itsbmost spectacular proportions in the prairie
provinces of the U.S,A., and Canada within a relatively
short period of 150 years culminating in the disastrous

years of the early 1930's,

It is difficult to comprehend the vast scale of the problem
in North America. A nationwide survey made by the Soil
Erosion Service in 1934*}ecorded 20 million hectares (50 million
acres) wvhich were ruined for crop production, a figure

which is more than twice the total acreage of crops and
grass in Fngland and Wales (1958) and 298 million hectares
(775 million acres) which had become so severely eroded

as to require erosion control measures to ensure continued
productivity. According to Butzer (1974) the agricultural
s0il resources of the United States have been cut by perhaps
a half in 150 years, and in some areas such as Oklahoma,

a single generation sufficed to destroy almost 30% of the

s0il mantle,

In the Upper Georgia Piedmont settlement of the bottom
lands began between 1780 and 1805 but erosion first became
apparent when sloping lands were cleared and was locally
accentuated by the impact of plantation agriculture after
the 1840's and 1850's. In contrast to the older cotton

* Quoted by Beasley 1972 6.



plantation areas, major erosion was delayed until the 1880's
when forest acreage was significantly decreased and row
crops, especially cotton, became dominant. By the 1920's,
when efforts of the U.S. Soil Conservation Service began

to take effect, the impact of man on the soil mantle,
hydrography and sedimentation had exceeded that of any
natural climatically-induced ruptures of equilibrium exner-
ienced in the south-eastern U.S.A., during all Pleistocene

times (Butzer 1974).

Stallings (1957) cites extracts from a number of writers
in the 1850's, in particular Hardwick, Lee, Sorsby and
Ruffin, who recognised rainfall run-off as a menace and
who realised that the up-down hill method of cultivation
then in general use was leading to the destruction of farm
land. They strongly recommended conservation nieasures

of terracing, contour cultivation and deep ploughing in

an attempt to stabilize soils on sloping sites and the
planting of hedges and shelter belts where wind erosion

was a problem.

Other writers like Pendleton realised that soils stood up
against the forces of erosion better when crop rotation

was used than when fields were cropped continuously and
Asricole and Kefauver noticed that the use of straw mulches
encouraged the germination rate and establishment of newly
seeded wheat and clover, It was acknowledged that terracing
was only a partial remedy as soil wash continued even after
the field was terraced. However, a clearly defined national

policy had been outlined by the Department of Agriculture in

v 7.
* Quoted by Stallings 1957



a report (1907) which stated that 'erosion is due directly
to the run—off of water of which the ratio is dependent
rartly on slope, but chiefly on the nature of the soil

and its produce; indeed, with any reasonable slope, a

full cover of forest or grass with an abundant muleh, or
close crop on deeply broken soil, or a friable furrow slice
kept loose by suitable cultivation, will so fully absorb
precipitation as to curtail run-off or even to reduce

it to slow seepage through the surface soil . . . the
ideal, and the one toward which modern agriculture should

be bent + . !

The Reconnaissance Erosion Survey which was carried out

by the United States Department of Agriculture's Soil
Erosion Service in 1934 recorded all occurrences of erosion
on 1:62,%500 maps and published State maps at the scale

of 1:500,000. A vast card file of historical references

to soil erosion was collated and deposited in the National Archivesg

washington. The Soil Conservation Service, as it is now
called, recorded all eroded land or land currently eroding

or subject to erosion and this amounted to an impressive
82.9% of the total land in farms. In 1936 the Great Plains
Committee concluded that 'there is no evidence that in
historical times there was ever a severe drought to destroy
the grass roots and cause erosion comparable to that which
took place in 1934 and 1936; that phenomenon is chargeable

to the ploughing and overcropping of comparatively recent
yvears!, An estimated 40,469,444 hectares (100,000,000 acres)

are affected by wind erosion in the U.S.A., of which

et s it b



approximately 10% are seriously affected. In the Great ¥Flains
there were thirteen periods between 1854 and 1964 when major
dust storms occurred, with the worst periods in 1936-1937

when 120 storms were reported at Dodge City, Kansas and

again in 1955-1956 when there were 40 storms reported at

this location. Since 1956 no major storms have occurred,
though on average 2.7 million acres (1.1 million hectares)

per year have been damaged by wind erosion during this

period (Beasley 1972).

F'or some states, for example Arkansas, Oklahoma, Louisiana
and Texas, a detailed erosion survey published by the

Soil Conservation Service in 1948 ranked erosion into

five classes of increasing severity; 1 - medium to slight,
2 = medium, 3 -« medium to severe, L -~ severe, 5 - very severe,
One class, for example, medium to slight erosion, was
defined as resulting from the removal of leas than 25% of
topsoil or soil accumulations O - 15 cm high (0 - 6").

The medium erosion class was defined as the removal of

less than 25% of topsoil with occasional crossable gullies
more than 30 metres abart, or removal of 25 - 75% of topsoil
with no gully erosion, or removal of 25 -~ 50% of topsoil

by wind, or soil accumulations 15 - 30 cm high caused by
wind, Their findings indicated that some 49% of cultivated

land, 38% pasture and 20% of woodland fell into erosion rank-

ings 2 = %,

In the same year 1948, the Soil Conservation Service published
survey figures of soil deterioration on 183 million hectares

(451 million acres) of cropland and ley grass. This data



is summarised in Table 1. below.

Table 1. Survevy fisures of soil deterioration on 1873 million

hectares of arricultural land in the U.5.A. (1948)

Degree of deterioration Number of years at Millions of
current rate (1948) hectares

in which the land
would bhe degraded
one capability class
if no remedial
measures taken

Critical 10 - 15 L6
Serious 15 - 30 Lg
Slight to none 30 and over 88

Stallings (1957) emphasises the fact that it should not

be inferred from these estimates that during the base
period (19&2—51) 80il deterioration was occurring on the
entire hectarage of cropland, as millions of hectares in
the slight to none category were being maintained and

even improved through the application of sound soil manage-
ment, including soil conservation. During the period
1945-1951 the Corn Belt suffered the greatest annual soil
loss largely because of the adoption of the monocultural
practice of continuous corn growing on long unbroken slopes,
For the United States at large, recent Soil Conservation
Service estimates indicate that about 80% of soil erosion
losses have occurred in the area east of the 100°W meridian

(staliings 1957).

"Although great strides have been made in combating erosion

by the adoption of soil conservation measures, many of which

10.




were pioneered in North America, the problem still remains
a serious one, In 1965 the United States Department of
Agriculture's inventory of soil and water conservation
needs indicated that conservation measures were required

on more than 60% of the cropland (112 million hectares =
267.9 million acres) to reduce erosion losses to an accep=-
table minimum, This publication also shows that suscep-
tibility to soil erosion is the most widesvread conservation
problem limiting the land capability. Beasley (1972)
concluded that the results of national surveys indicate
that there has been slight progress in soil erosion control
on land used for crop production during the past thirty
years, though soil erosion on sloping land is still a major

problem,

Comparable problems are found in Canada but not to the same
degree for the ground remains frozen¥* during the winter and
rainfall totals are generally lower during the spring and
summer than those in southern and eastern U.S.A, Wind
erosion occurred on the prairies of western Canada soon after
the land was brought under cultivation and frequent out-
breaks led to the adoption of strip cropping in southern
Alberta around 1918. Severe and widespread drifting
occurred during the period from 1931 to 1938 and was wide-
spread in the provinces of Alberta, Saskatchewan and Manitoba.
Despite the adoption of conservation measures, soil drifting

has occurred intermittently since that time and the drought

* However, conservation measures are necessary to protect
exposed soils against wind erosion even when the ground is frozen.

1l.



during the late 1950's and early sixties was accompanied
by many isolated outbreaks in the prairies with severe
erosion on some farms. Reseafch in western Canada has
revealed that the sorting action of the drifting process
removed up to one half of the silt and one third of the
clay from some sandy soils. Losses of about one fifth
of the silt and smaller quantities of clay particles were
recorded on severely eroded medium textured soils whereas
heavy clay soils were least affected by sorting action.
Reduced moisture-holding capacity of the cultivated layer
resulted from the loss of the silt and clay particles,
and the so0il was more easily eroded (Canada Department

of Agriculture 1966),

In western Canada Albright (1939) reported that !though

the black cloud of soil drifting has reappeared this year

in the Peace River country (Alberta), water erosion has

been much the more general evil to date and may still in

the long run prove the more difficult to control!, He

was convinced that an unrecognised degree of damage occurred
in many other parts of the west and quotes Neatby and McCalla's
statement that 'soil losses due to wind and water erosion

are becoming increasingly apparent and will continue to

do s0 unless a carefully planned system of cropping is
adopted?, According to Albright the menace of water erosion
in the Peace River District first came prominently to the
settlers'! attention in 1917 when a foot of slushy snow fell
in the middle of May and disappeared during a rapid thaw.

Gashes a foot deep were cut down many a sloping field.

12,



|Gutters were filled in by subsequent tillage operations

but washes occurring in subsequent years rescoured and
deepened these, besides forming many new ditches, until
thousands of fields have been lined with rock-strewn,

grey depressions where crops grow poorly, where implements

are passed across with difficulty, and where in some cases
neither teams nor tractors can cross at all'. It can be
surmised from Albright's account that the grey depressions
referred to represent areas of soil truncation with the

Ea horizon of the podzolised so0ils being exposed as the
average depth of top soil is quoted as no more than 5-6 inches
(12.5 - 15 cm). He also states that the soils 'puddle

into a soupy condition when wet and balke hard when dry' -

the symptoms of severe loss of structure usually associated
with soils with high silt and fine sand content (though

no mention is made of soil texture in the paper). Albright
considered that it would not be surprising to find that

some of the older fields of the Peace River country (74 million
acre drainage basin) have already, in less than a generation,

lost 30% of their topsoil by erosion.

¥In Canada there has been water erosion with flooding in

every province within the memory of the present generation!
(Ripley et al 1961, Clark (19ﬁ2) refers to evidence

which points to considerable erosion of soils on Prince Edward
Island during the period 1871 and 1928. A survey in 1871
referred to the ordinary soil of the island being a bright

red loam passing into a stiff clay on the one hand and a

sandy loam on the other, whereas another survey in 1928

13.
* See Canada Department of Agriculture, Soil Erosion by

Water (1961)



classified all the soils as sandy or fine sandy loams with
only two or three containing sufficient silt or clay

to class them as loams, A survey in 1910 at the Charlottetown
Experimental Station was made for drainage purposes and
resurveyed in 1939, On checking back from the bench

marks the loss from areas with 10% slope was about 6 inches

(15 cm) while on the lower areas a gain of 4 inches (10 cm)

of soil was recorded.

There are many points of similarity between the soils and
land use of Prince Edward Island and those of east Shropshire,.
Both areas have soiis derived from the drift of Triassic
Sandstones and marls. The landscape rarely exceeds

4OO ft. above sea level (122 metres) (ridges of harder
beds of sandstone) with gently undulating'hills with broad
valleys. Precipitation is higher in Prince Edward Island
(1092 mm) than in parts of east Shropshire (700 mm) but no
data are available for high intensity rainfall. It is
interesting to note that sandy loam soils (Oka sandy loam)
are considered to be the least susceptible to erosion when
compared with high risk and clay loam soils (Rideau Clay

and Chateauguay clay loam),

Severe erosion has taken place in the Aroostook potato
growing district of Maine, U.S.A. where Bennett (19&1)
refers to 89,033 hectares (220,000 acres) of ideal potato
80il known as the Caribou loam. He quotes an example of a
field which 32 years ago had a combined soil and sube-soil

depth of at least 2 feet (61 cm) which during that period
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had lost all the topsoil ~ '"more than a foot of soil and
subsoil amounting to 32,000,000 1b., per acre had been
unnecessarily wasted in this field by 'vertical farming!
(the use of up-down slope cultivation techniques for

growing potatoes).

1.2 Evaluation of research work in soil erosion in

North America

At the time that America experienced the worst effects of

the Dust Bowl, the influence of climate, tovographyv, soil

and vegetation on run-off and erosion had bheen well estab-
lished, Research since then has concentrated on measuring
the influence of rainfall intensity, wind velocity and a
number of other important parameters on run-off and erosion,
The importance of soil cover by vegetation or crop residues
in reducing or eliminating erosion by rainfall and run-off
was first demonstrated by S. Wollny in Germany in the 1880's,
who used micronlots (80 em® x 5 cm) to study the relationship
of erosion to density of crop cover, soil type, steepness

and aspect of slope under natural and simulated rainfall,
Lowdermilk (1930) emphasised the importance of forest litter -
in protecting the soil surface and preventing excessive
run~-off and erosion, but the ways in which these processes
were effected were not fully understood for many years.

Larly experiments by Wollny, Lowdermilk, Miller and Hendrickson
are reviewed by Stallings (1957). This work in turn
highlighted the iwportance of raindrop impact and splash
erosion on exposed soils. Ellison (194L4) was the first to

demonstrate that a falling raindrop was an erosive agent
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in its own right and his work, together with Yoshiaki Mihara

(1952) was confirwed by Free (1952) and Lkern (1953).

Erosion research in the United States began in 1917 with the
establishment of plots for study of the effect of soils,
slope and crops on run-off and erosion by Professor h.F, Miller
of the University of Missouri. Similar work was started
between 1929 and 1933 by H.H. Bennett and L.A. Jones of

the U.S. Department of Agriculture and resulted in the estab-
lishment of ten Federal State experimental stations in the
more critical erosion areas of the United States (Smith and
WVischmeier 1962). Apart from these stations work was
carried out on eighteen additional soils during the next
decade and plots were used to measure run-off and sediment
vield from natural and simulated rainfall under a range

of management practices,

In 1940 Zingg's paper on the degree and length of land slope
as it affects soil loss in run-off broke new ground in that
it contained the first rational equation to give a relation-
ship between total soil loss, degree of slope and horizontal
length of slope which was applicable to field conditions,

He concluded that soil loss varies as the 1.4 power of the
degree of slope, as the 1.6 power of slope length, and

the loss per unit area as the 0.6 power. This method of
calculating field soil loss was referred to as the factor
system with an empirical rather than a theoretical approach.
This was applied by Smith (19&1) who defined the concept

of a permissible soil loss, and made the first evaluation of

a crop factor and a factor allowing for different degrees
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of mechanical protection. Browning et al (l9ﬂ7) described
a method for determining the use and limitation of rotation
and conservation practices in the control of soil erosion

in Towa.

The Corn Belt factor values, as they were known, were
reappraised in 1946 by a nationwide committee on soil loss
prediction and a new formula was designed which became

known as the Musgrave equation or the slope practice

equation. A first approximation of this equation was
published in 1947 (Musgrave) in which the relationships

between major causal factors and the resulting rate of ero-

sion were examined, The four primary factors which influenced |
the rate of erosion were considered to bet 1, rainfall,
characterised particularly by intensity and amount in their
determination of the energy of impact; 2, flow character-
istiecs of surface run-off particularly as affected by (a)
slope gradient and (b) slope length; 3, soil characteristics,
particularly those physical properties which affect erodi-
bility; and 4, vegetal cover, characterised by comparative
densities and protective effects. *The quantitative
evaluation of these major causal factors has been attempted
with the clear recognition that in the present state of

our knowledge only a first approximation of precise values

is feasible! (Musgrave p.134).

A quantitative evaluation of rainfall had been advanced by Hays et aj
(1936) who showed that erosion at the La Crosse, Wisconsin
Station, was correlated with the maximum amount of rainfall

occurring within any 30 minute period. Accordingly, as a
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first approximation the relationship of rainfall to erosion,
E was found to be EOC:P30 1.75. The most common relation-
ship between degree of slope and amount of erosion per unit
area was found to be EXS 1.35, where E is erosion in tons
per acre of dry soil and S is the slope in feet per hundred.
The best relationship for length of slope (L) with data
then available was found to be E«CL 1.37 which when equated
to a basis of Unit area (tons per acre) became ESCL 0,37,
and subsequently L 0.35. These values were later modified
when adapted to a new soil loss equation, An analysis of
data on the effects of different vegetative cover upon

erosion was given as follows in Table . 2.

Table ' 2 Analvsis of data on the effects of different

veretative cover upon erosion

Crop : Relative
Erosion
Continuous row crops (principally 100

cotton, corn, tobacco UNCONTOURED)

Small grains (wheat, oats, barley, rye) 15=40

Hay, pasture, woodland and forests less than |1

Continuous fow crops which are contoured would have a relative
erosion effect between 50 and 100% of that of the corres-
ronding non-contoured row crop. Numerical values for the
relative erodibility of soils presented a problem since this
factor could not be readilf expressed by a single numeral

80 recourse was made to the measured rates of erosion on
different soils using data from all places where experiments

had been conducted for 5 or more years., This data was
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used to derive the equationt
E (erosion = T (soil type) x S (slope) x L (1ength of slope) x

P (management practice) x M (mechanical protection) x R (rainfall),

Smith and Wischmeier (1962) reviewed the progress of work

on soil loss prediction which culminated in the universal

soil loss equation. A run-off and soil loss data laboratory
was established at Lafayette, Indiana in 1953 by the Soil

and Water Conservation Research Division (Agricultural
Research Service U.S. Dept, of Agriculture) in co-~operation
with Purdue University. Approximately 8,000 plot years

of basic run-off, soil loss and associated precipitation and
related data from 37 widely scattered Federal-State research
projects in 21 states was assembled at Lafayette, These

data were obtained from standard field plots selected for
uniformity of soil and slope. These plots have been used

as a basic tool in erosion research and have varied in size
from fractional acre plots up to 2 acre plots, In the

United States the 'standard' plots measured 6 feet x 72.5 feet
(approx. 2 x 22 metres) covering 0.01 acre (0.00h hectares).
Further consideration of plot design, function and reliability

will be gilven in Chapter 9.

Van Doren and Bartelli (1956) developed a method for determining
soil loss from various soils in Illinois under different
management and conservation programmes, Soil losses could

be estimated by using the following erosion equation,

A =pF(T,sS,L, P, K, T, E, R, M)

where A = annual estimated soil loss in tons per acre.

T = tons per acre of measured soil loss from soil
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type {considered unity) of given slope, with known
conservation practices and cropping pattern,

S = steepness of slope.

L = length of slope.

P = practice effectiveness (appropriate factor expressing
effectiveness of the particular supporting practice
or practices under consideration in solving for A
above).

K = so0il erodibility (maf include some adjustment for
rainfall).

I = intensity and frequency of 30 mm rainfall.

(It was combined with the soil factor K in assign-
ing erodibility factors for the wvarious soil groups
within Illinois).

E = previous erosion (expresses effect of influence on
current erosion or influence on yields or physical
condition of rooting zone).

R = rotation effectiveness.

M = management.

Values for (T, S, L, P) and (XK, I, E, R, M) were combined

in separate tables.,

Wischmeier and Smith (1961) published an improved soil loss
prediction equétion which overcame many of the limitations

of former equations, It was designed to be geographically
universal in applicability and to provide major improvements
in localised soil loss prediction with minimum changes in
basic concepts and the application procedures which had been
developed in the 1950%'s, Two significant improvements intro-

duced by Wischmeier were the rainfall-erosion index (1959)
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and the method of evaluating the cropping-management factor
on the basis of local climatic and crop cultural conditions
(1960). In the first paper investigations to determine
which characteristics of rainstorms significantly influence
erosion losses were described and this was approached throush
multiple regression analyses. The rainstorm characteristic
found to be outstanding as such an indicator is the wvariable
whose value is the product of the rainfall energy and maximum
30-minute intensity of the storm (designated as EI). It

waé found that this variable explained from 72-97% of the
variation in individual storm erosion from tilled continuous
fallow on 6 soils. Seasonal rainfall erosion index wvalues
computed by adding the EI values of storms 0.5 inch (12.7 mm)
explained as high as 94% of the yearly deviation in total

soil loss from fallow during the summer season.

The Universal Soil Loss Equation as it is now known differed
from its predecessors in the manner and precision with which
locational differences in rainfall are brought into the
soil-loss computations (Wischmeier and Smith 1965). For
example the Musgrave equation assumed that the erosivity of
annual rainfall wvaried as the 1.75 power of the 2«ypar max-
imum 30 minute rainfall which was based on limited data
taken in Wisconsin in the 1930's. Subsequent research

did not support the accuracy of this term and its use as

a rainfall factor allowed no consideration of effects of
locational differences in the number of erosive rainstorms
and in their expected distribution within the year (Wischmeier

. 1962). In the second paper (1960) Wischmeier
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compared the results from experimental stations on different

soils and this extended the range of soil erodibility

values which were now remodelled on a new scale. Further,

the single value for the crop factor which was used in the

Musgrave equation to give an average effect over the whole

season was broadened to allow for inter-relations between

crop management practices and climate throughout the growing

season and harvest period. These refinements allowed

each of the six major variables which influence soil

erosion to be isolated and defined numerically so that when

these values are multiplied together they give the total

amount of eroded s0il in tons per acre.
equation is presented in the form:

A= RnKoLoSoC.I’.

The soil loss

wvhere A is the computed soil loss per unit area (tons per

acre) from a specific field under a specific rainfall

pattern, cropping management plan and applied

conservation practice.

R, the rainfall factor or rainfall

erosivity index,

a number which indicates the erosivity of the rain

on a scale based on the E1 index, The erosion

30

index is a measure of the erosive force of a specific

rain.

K, the soil erodibility factor - a
the liability of a soil type to
continuous fallow on a 9} slope
(22.6 metres).

L, the slope length factor, is the

from the field slope length, to

number which reflects
erosion in cultivated

72.6 feet long

ratio of soil loss

that from a 72.6 foot

(22.6 metres) on the same soil type and gradient.
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S, the slope~gradient factor, is the ratio of soil
loss from the field gradient to that from a 9% slope.

C, the cropping-management factor, is the ratio of soil
loss from a field with specified cropping and
management to that from the fallow condition on which
the factor K is evaluated.

¥, the erosion control practice factor, is the ratio
of soil loss with contouring, strip cropping, or
terracing to that with straight-row farming, up and
down slope.,

Discussion of each of the six primary factors R, X, S, L,

C, P will be dealt with in Chapter 4.

The main purpose of the universal soil=loss equation is to
provide specific and reliable guidance to help select suitable
soil and water practices.for cultivated land. It can also
be used to compute the total annual soil loss from sheet and
rill erosion within a particular watershed where agricultural
land is a major sediment source. Wischmeier (1976)
enumerates the following designed uses of the equation:

1. Prediction of average annual soil movement from a given
site under specified land use and management conditions and
2., Guiding the selection of conservation practices for
specific sites. The product of factors R, K, L and S

for a given site determines the basic soil loss index for
that site.

3. Estimating the reduction in soil loss attainable from
various changes that a farmer might make in his cropping
system or cultural practices.

4., Determinins how much more intensively a given field could

be safely cropped if contoured, terraced or strip cropped,
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5. Determining the maximum slope length on which a given
cropping and management system can be tolerated in a field.
6. PFroviding local soil loss data for soil conservation
service technicians and others to use when discussing erosion
control needs and conservation plans with farmers or contrac-
tors. This enables the farmer to know how much so0il he

is losing by erosion and how much he could reduce the loss
using other practices,

7. IEstimating soil losses from construction, rangeland,

woodland and recreational areas.

The equation was designed primarily to predict soil loss
from sheet and rill erosion on agricultural land. The soil
loss predicted by the equation is that soil moved off the
particular slope segment represented by the selected
topographic factor and this must be distinguished from
field sediment yield, some of which may be re-deposited
within the field as this deposition is not accounted for in
the equation (Wischmeier 1976). It must be recognised,
however, that the soil losses computed by the equation are
the best available estimates rather than absolute data.

The prediction accuracy of the equation was checked against
24300 plot-years of soil loss data from 189 field plots

at widely scattered locations. When its factors are
evaluated from the tables and charts the equation predicts
the average annual loss for a 22-year rainfall cycle

(Wischmeier 1976).

In 1971 Wischmeier, Johnson and Cross introduced a soil

erodibility nomograph which greatly improved the applicability
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of the universal soil loss egqguation, They dintroduced a

new soil particle size parameter, M (product of silt % and
sand-silt %), which was used to derive a convenient erodibility
equation that is valid for exposed sub=-soils as well as
farmland., The five soil parameters (silt %, sand %, organic
matter content, structure and permeability) needed to read
numerical soil-erodibility wvalues directly from the nomo-

graph can be obtained from routine laboratory determinations
and standard soil profile descriptions and obviate the
necessity for actual soil=loss measurements from plots.

The factor interrelations graphically combined in the
soil-erodibility nomograph were derived by statistical

analyses of the 55 K values obtained with simulated rainfall.
Similar soil property data were subsequently obtained for

13 bench-mark soils for which K values had been established

in long~term natural rain plot studies and these were used

to check the accuracy and validity of the nomograph (Wischmeier
et al 1971). This new technique for computing soil
erodibility has greatly facilitated evaluation of the
erodibility factor for hundreds of agricultural soils throughout
the U.S.A. and can be of great value in planning sediment

control measures for construction sites and open cast

mining.

The importance of sediment control measures for construction
sites was emphasised by Thompson 1970, who found that in the
Detroit Metropolitan area in 1968, 2.1% of an arbitrarily
delineated urban zone was under development and this zone
produced approximately the same amount of eroded material

as the remaining 97.9% of the area. Erosion from the

developing areas averaged 69 tons per acre per year (28 tons
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per hectare) and an overalyﬁverage erosion rate for south-
east Michigan of 2.6 tons per acre per year (1 ton per

hectare).

One of the most promising soil conservation developments

in the last decade has been the no-tillage method of crop
production which Young (1973) estimates is now used to
broduce some 2 million hectares¥*of crops (mostly grains)

in the United States. Young lists the physical advantages
of no-~tillage as including reduction of wind and water
erosion; conservation of soil moisture, especially in
times of inadequate rainfall, or in drier areas; and
maintenance and improvement of soil structure. He con=-
siders the economic advantages of the system include
increases in grain yields, lower equipment investment

and farm production costs, increased farming profits, more
intensive land use, adoption and use of certain crops over
wider areas, new cropping combinations made possible on
many farms previously limited to less diversity of cropping
because of erosion risks, and reduction of certain weather
risks. The most significant factor pertinent to the theme
of this chapter is the new and profitable opportunity to
grow high value row crops on land previously considered

as usable only for pasture or hay, because of wind or
water erosion hazards. McClure, Phillips and Heron (1968)
quote data from a study of no-tillage cropping practices in

Kentucky (see Table 3).

* Estimate for 1978 is 3.2 million ha (Lessiter 1978).
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Table

3 Present and potential land use, based on Kentucky

soil and water conservation needs

Land Class Crop Type Present use Potential use
with con- with no-
ventional tillage
tillage
1000 ha('000 1000 ha ('000

acres) acres)

I and II oW crops 697 (1,723) 1,763 (4,357)

IIT Small grains 97 (240) 585 (1,446)

v Hay and pasture 376 (929) 2,250 (5,559)

in crop
rotations

V and VI Permanent non- 2,171 (5,365) 1,986 (4,909)

rotational
hay and
pasture

Another example of the erosion-reducing effects of no-tillage

quoted by Young (1973) was derived from the work of Harrold,

Triplett and Youker (1967) in Ohio, which is summarised in

Table . L" .

Table 4

Soil loss and corn vields from conventional tillare

and no=tillare watersheds with 5% slopes 1964-1966

Year | Soil loss No Corn Yield . No

(Kg/ha) - Tillage | Conventional Tillage

Conventional Tillage

Tillage q/ha(bu/acre) | a/ha(bu/acre)
1964 | 6 1382 132 60 ( 95) 85 (136)
1965 145 0 66 (106) 66 (106)
1966 0 61 ( 97) 73 (117)

27.




Gard and McKibbon (1973) report the results of three year

soil loss from no-till and conventionally managed plots on

Crantsburg silt loam at Dixon Springs Agricultural Centre,

Illinois (Table 5).

value of the no-till system in soil conservation,

Table

These figures clearly illustrate the

.5  Three vear soil loss totals as affected by three

manarement svstems Dixon Snriness 1960-1971

Management Soil loss (t/ha) Approx. nuuber
Three~year total of years to
: - erode to plough
(9% (54 depth (17 cm)
slope) slope) . -
’ 9% slope|5%: slopo
Conventional 64.5 22.8 100 300
double~cropped
wheat and maize
No=-till double cropped 3.8 2,6 1,700 2,600
wheat and maize
No=-till continuous 2.8 1.9 2,400 3,300
maize

It is hoped that this system will help to improve the large

areas of dense fragipan soils as attempts to produce fertile

drought resistant soils from this material have proved slow

and expensive by conventional tillage methods and have only

been partially successful.

1.3

Apnlication of research finﬁinqs in the U,3.A, to the

United Kinsrdom situation

A major question which arises concerns the applicability of

American research data on soil erosion and soil conserva-
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tion practices to the United Kingdom situation., How far
is it wvalid to extrapolate this data, even allowing for the
dangers inherent in such an exercise, in mn attempt to
solve erosion problems in the United Kingdom? In a
general sense a range of well-tried American conservation
measures can be immediately applied. For example, the
practice of up and down ploughing and cultivation is con-
sidered to be the worst erosion situafion that can occur
and data for continuous row crops planted and cultivated

in this manner show the greatest potential and actual
erosion risk. Likewise, clean cultivated fallow exposed
on sloping terrain is very prone to erosion by water and

is liable to damage by wind on both sloping and flat sites.
Although not emphasised to such an extent in American worl,
the presence of tractor and implement wheelings which run
parallel to field slope is another potential erosion situa-
tion which can and should be avoided. Othef obvious data
applications relate to slope factors of degree, length and
shape.  Zingg's work (1940) demonstrated that doubling the
degree of slope increased the total soil loss 2.61 times
whereas doubling the horizontal length of slope increased
the total loss 3.03 times. Despite all the data available
even from the early slope practice equation there has been
a widespread tendency to increase slope length in many of
our arable areas by field amalgamation - a practice which
has been encouraged and even subsidised by the Ministry of
Agriculture. Much research effort has been expended in the
U.S.A. on emphasising the importance of crop cover and mulches
in combating the erosive impact of falling raindrops yet in
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many parts of the United Hingdom susceptible soils,‘notably
sands and silts, are left exposed for longer periods than
necessary, particularly during winter months and this
results in the widespread incidence of loss of structure,
particularly in arable soils which are continuously cropped

and have low levels of organic matter,

Research into the role of soil organic matter in the maintenance
of so0il structure and soil fertility has proceeded on both
Sides of the Atlantic and although there is a broad measure
of agreement on the importance of its role, economic factors
have tended to override the principles of sound farming
practice with monocultural practices and continuous arable
cropping becoming more important in recent decades. The
ever increasing dependence in the western agricultural

world on mechanisation has exerted its own pressures on

the land literally through the increased trafficking of
machinery which in turn has caused widespread problems

of soil compaction, and through the need to produce larger
field units. The increased weight and power of tractor
units, together with the growing importance of contract
farming has led to the temptation of untimely cultivations
and the forcings of tilths, particularly during adverse
weather conditions, Many of these factors act to influence
s0il erosion both individually and together and further

consideration will be given to them in Chapters 5, 7 and

10,

The American soil loss equation is considered to have a number

of disadvantages which make its applicability to problem
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solving in other areas difficult. Pirstly, the factors
used in the ecuation are derived directly from soil loss
measurements bhased on field plots for a number of bench-
marlz soils, ¥No such plot experiments have been carried
out in the United Kingdom and apart from the expense of
running them they need to function for a minimum period
of ten vears and preferably 30 years before a reasonable
estinate of mean soil loss can be obtained, Even so,
such an e¥pensive and time consuming operation could
eventually be rendered obsolete by the widespread adoption
of new practices such as direct drilling (no-tillage)
which has proved to be the most important single soil

conservation measure,

One possible approach might be the selection of an area

in the United States where the soils and rainfall are
broadly similar to a region in the United Kingdom and attempts
to extrapolate data for each of the six main factors used

in computing the soil loss equation (R.K.S.L.C.P.,). In
conjunction with this a number of bench mark soils would be
selected for plot studies which would initially record run-
off and sediment yield under continuous fallow on slopes of
variable degree, length and aspect, These experiments
would provide tentative values for bench mark soils for
R.K.S5.L,.C.P, The wealth of rainfall data available in the
United Kingdom would enable the rainfall erosivity factor R
to be calculated for areas selected for bench mark soil plot
studies. Wischmeier (1962) selects two sets of data which
can be derived from rainfall records; the one involves

geographical differences in the ability of the average annual
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rainfall to cause erosion, and the other involves locational
differences in: the distribution of erosive rainstorms

within the year. Both of these greatly influence the
selection of optimum erosion control measures on a parti-
cular field and specific data on both are needed for wide=
spread use of the universal soil loss equation, Further

consideration is given to deriving the factor R in Chapter 4.

A first approximation for K, the soil erodibility factor,
could he obtained from plot studies. The soils selected
should be representative of so0il series which are widespread
in lowland Britain and which are classed as good arable

soils. For many such soils there is available Soil Survey
data which provides detailed information on profile characteri=-
stics and general soil capability for agriculture. Although
the United States Department of Agriculture pﬁblishes K

values for hundreds of soil types these stem from actual
measurements on some twenty-three soils. The extrapolation
of this data to other soils is done largely through the
Judrsement of experienced field workers. Data for two other
factors, Slope S5, and Slope length L, can be derived initially
from prepared tables used in the United States and then

tested against data derived from pilot plot studies, In

the United Kingdom although there is a wealth of data on

crop nanagement it is essentially qualitative when considered
in the light of its effects on soil loss. In the U.S.A.
about 10,000 plot years of run-off and soil loss data from

47 research stations in 24 states were analysed to obtain
empirical measurements of the effects of cropping system

and management on soil loss within each crop stage period
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(Wischmeier and Smith 1965). The writer has attempted

to relate periods of erosion susceptibility in east Shropshire
to those periods when crop or management practice provides

the least protection (see Chapter 8). Again, with the
conservation practice factor P, there is no quantitative

data available in the United Kingdom though qualitative
statements can be made to support the adoption of a number

of practices which heighten or reduce erosion risk and

these will be referred to subsequently in Chapters 8 and

10.

In the United States the tolerable soil loss A, has a range
of values of 2 - 11 tons per hectare. Adopting a tolerable
soil loss for arable soils in lowland Britain a value of

2 =~ 3 tons per hectare for unstable sandy/silty soils with
shallow profiles and 5 - 6 tons/hectare for 'stable' soils =~
loam clay loam, clay with deeper profiles could be proposed

as a first approximation for water erosion.
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Chapter 2

2 ‘Accelerated erosion of arable soils in the United Kinsdom 1:

Historical and Pedologsical evidence

2,1 Introduction: Bvidence in the agricultural landscape
of accelerated soil erosion.
2.2 Historical evidence.

2.3 VPedological evidence.

34,



2.1 Introduction: Rvidence in the agricultural landascane

of accelerated erosion

'The History of Agriculture is not only to be found in books,
it is written for all to see over much of our countryside.!

Franklin (1948).

In this section field evidence is examined which points to
accelerated erosion of soils in areas of rolling or gently
sloping terrain characterised by a tradition of arable
agriculture. In‘some cases the fields which are being
investigated are over 900 years old whereas others only

date from.the early 19th century. The dominant process
involved is soil wash (or hill wash) which is brought about
by exposure of fallow soil to splash erosion, which in turn
leads to soil detachment and soil entrainment when rainfall
exceeds the infiltration rate of the soil., £ These processes
result in soil being eroded from the steeper sections of slopes
and this in turn leads to changes in soil depth and type.
faterial which is transported down slope is usually deposited

as an overwash which is trapped against hedges, fences and

walls, or where the slope decreasés.

Both of these processes can bring about significant soil
changeé and can result in a shift of a soil from one series
to another either by truncation on shedding sites or by the

deposition of overwash on receiving sites.

If the rate of erosion is slow, pedogenic processes may keep
pace so that no apparent modification can be detected in the

soil profile particularly in soils lacking clear horizon
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differentiation. In some areas with a long tradition
of arable agriculture the presence of taluds may be the
only visible sign of the occurrence of soil erosion (the

term talud is explained in Section 2.2 below).

Although water erosion has the dominant role there is
evidence that wind erosion can play a part in accentuating
field boundaries in some areas depending upon the orientation
of the hedge to dominant and prevailing winds (see Figure 1

Page 1 )*,
These changes in the agricultural landscape can be conveniently
examined under the broad headings of historical and pedolo-

gical evidence, though in reality they are inseparable,

2.2 Hisgtorical evidence

Recourse is madé to historical evidence wherever this is .
available in an attempt to obtain broad age groupings for
enclosed land. In approaching this problem it has been
necessary to restrict attention to the area of east Shropshire
where detailed field work has been carried out. This

section is not intended to be a comprehensive survey of
historical evidence as this would constitute a thesis in

its own right, rather it aims to highlight the importance

of analysing historical data which is of value in tabulating

the types of crops grown, crop rotations and periods of

¥ The page numbers refer to Volume 2 which contains all of
the figures,
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expansion and contraction in agriculture, all of which can

be of significance in evaluating the impact of agriculture

on the soil system through time, Using historical evidence

it is possible to identify two broad groubs of fields
namely those which were enclosed at an early date and those
which were enclosed by Acts of Yarliament in the early part
of the 19th century. Field evidence points to another
category which is characterised by fields which have under=-
gone modification particularly in the post-war period as

a result of field and farm amalgamation. These changes
invariably involve fields in both of the groups referred

to above but most of the changes have affected old enclosed

fields which are usually smaller and irregular in shape

and thus present the most problems to mechanised agriculture,

A distinctive feature of some old arable land in east

Shropshire is the well defined steps or breaks in slope which

are often present where hedpge boundaries are located trans-
verse to slopes. These steps vary in height from 1 metre
to approximately 3 metres with the larger values being more
common on moderate to strongly sloping land (4 = 117).

Such features are referred to in the American Soil Survey
Manual (1951) as special short steep escarpments, called
taluds (from old French) which are gradually formed at
down-slope field margins against hedges or stone walls

(see Figure 2. Page 2 ). As the talud forms with the
slow accumulation of soil wash from above, the soil slope
decreases, It is considered that in areas of fairly
erodible soils, with a pattern of small fields, erosion

may now be reasonably well stabilized with taluds that act
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as terraces to reduce the slope gradient and hence run-~off
and accelerated erosion. Although the term is not in
general use in literature the description of the talud fits
exactly the features seen in Shropshire and other parts

of England which are referred to by a number of writers,
including Avery (1964), Hodgson (1967) and Ragg (1973)

and which are considered to be a product of cultivafion and
accelerated soil erosion (see Figure 3’Page 3). Further
consideration will be given to the processes involved in

the formation of taluds in Section B below,

The key question which arises here is concerned with the
relative age and significance of such features, It is
usually assumed that areas which are known to have a long
tradition of agriculture and characterised by fields with
well developed taluds, that these features represent
significant though gradual erosion over a long period of
time. However, this assumption can be very misleading

for inherent in it is the belief that such fields formed
part of an arable system for a long period of time.
Agricultural history documents marked changes over the
centuries between arable and pasture, open fields and
piecemeal enclosure, so that the greater the time span
being considered the more difficult it becomes to con-
struct a reliable land use history for a given area. In
lowland Britain marked anomalies exist between areas which
have been in continuous cultivation for over 1000 years and
others as exemplified by parts of the Downs, where a culti-

vation gap of some 2000 years existed between the Celtic
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fields and the major ploughing up campaipgn of Downland in

1940,

The tasXk of compiling a land-use history, however broad,

to assess the impact of man's agricultural activities

on the soil system is further complicated, as Stanp (1955)
observes, by significant differences of interpretation
between experts in agricultural history. Stamp refers

to the evidence of two writers, Meyers and Bindoff,

Meyvers considers that by the end of the 13th century there
was more land under the plough than ever before or possibly
since - which would mean more than 7,284,500 hectares

(18 million acres) in England alone. Bindoff, however,
claims that as late as 1485, 'we have to picture the
countryside as a sort of agrarian archipelégo, with innumer-
able islands of cultivation set in a sea of 'waste',! How
far recent discoveries of many more sites of lost villages
in lowland Britain supports Meyers' view is still unresolved.
A more realistic appraisal can be made of changes in agri-
cultural land-use during the 19th century for where new
fieldvboundaries were established during the enclosure of
wastes a qualitative estimate can be made of rates of sedi-
mentation during the period of time which has elapsed,
Further discussion of this approach is dealt with later in

this chapter.

Histbrical evidence from east Shropshire

In east Shropshire some fields date back to the 1lth century

as a number of settlements like Claverley and Worfield were
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already important in 1036. Yates (1965) refers to these
settlements and others that margined the ancient ¥Forest
of Morfe in east Shropshire, He chronicles the extension
of arable farming into the forest and considers that much
of the settlement was made up of individual farmsteads.
Many of the small fields that formed part of this ancient
landscape he considers were individually held. Lee Farm
near Claverley (S5.0.773943) wvhich is now amalgamated with
Dalicot Farm was associatéd with Robert atte Lee (S.R.0.*
953/1,9,11) and like Sytch Farm (S.0.7831.903 2 miles due
south) associated with Tereward de la Sytch, contained
crofts that were not part of an open-field system, All
of Lee Farm is developed on sloping terrain and contains

some good examples of taluds,

Although it is conceivable that some of these features are
approximately 1000 yvears old, and others of the order of
760 years, considerable doubt remains concerning the
relative age of the accumulated sediment. Lee Farm has
today a marked erosion problem with several fields eroding
every year during the ten year erosion survey period (1967-
1976). The question concerning the extent to which recent
erosion has contributed to the total accumulation of sedi-

ment will be dealt with in subsequent chapters,

Sylvester (1969) considers that the Anglo-Saxon settlements
of Claverley, Alveley and Worfield formed part of a group
of comparatively large nucleated villages of which each

must originally have been isolated in deep woodland,

* S,R.0. Shropshire Records Office Lo,



Numerous small hamlets were formed in some parts of the
forest, notably around Worfield, where, as H.L. Gray (1915)
recalled, there was a marked development of open field,
much of it three field. According to Rowley (1972)

by the end of the 16th century the county must already have
been largely enclosed, for Shropshire was excluded from the
last Act (1597) relating to depopulation because it was
best treated as a pastoral county. Shropshire, Rowley
contends, differs from most Midland counties in that even
where open fields had survived until the end of the 18th
century, they tended to be enclosed by agreement, often

in a piecemeal manner, rather than by Act of Parliament

as only seven acts were brought forward for the enclosure

of open fields in Shropshire,

Roque (1752) produced a map in his 'Actual Survey of the
County of Salop', which showed that the large tracts of
woodland around the Alveley, Claverley, Shifnal and Worfield
areas had largély disappeared since Domesday times.

Bazeley (1921) considered that large districts in Shropshire

were deforested in 1204,

Howell (1941) summarises much of the evidence of enclosure
available for Shropshire. The distribution of enclosufe

is mapped for the county 1492-1516 and 1763-1891, He
considers that by the end of the 18th century land remaining
to be later enclosed was of subemarginal quality as either

it was inherently infertile, or it required extensive drainage
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operations, or it lay in accessible areas.

In Shropshire the period of parliamentary enclosure began
in 1763 but much of the heathland remained unenclosed until
around 1800, Much of this land coincided with outcrops of
Bunter Pebble Beds and stony glaciofluvial deposits and was
characterised by very acid soils = podzolised Drown Earths,
Podzols and Gley Podzols, One of these areas, Lizard Hill
(SJ 775095) near Shifnal, was enclosed in 1786 and was
followed by the enclosure of five open common fields in
Shifnal itself in 1794, There followed a series of awards,
as followst=-

1806 (Parish of Worfield) for the enclosing of Cross Heath
and Rudge lleath.

Enclosure at Oldington, Newton, Winscott, Hallon, Catstree
and Stableford, Sowdley Common and Cranmere Ilieath.

1812 Parishes of Worfield, Claverley, St. Mary Magdalene,
Bridgnorth and Quatford,

This latter award covered an area of 3,600 acres (1457 hectares)

known as the Forest of Morfe (Shropshire County Records).

Apart from the useful plans contained in some of the awards
there are occasionally references made to cultivation
practices, For example on the Lizard Hill award the
Commissioners gave directions for improving the land.

They stated, 'We do direct and appoint that the said
Lessees shall cultivate their respective allotments for
and during the terms in their respective leases by taking
only one crop>of any sort of grain before a fallow and two

crops afterwards and that they shall cause the fallow
l"2.



so to be ploughed at least four times over and to be
harrowed well between each time of ploughing, three of
such ploughings and harrowings to be performed in the
months of May, June and July, and that they shall manure
the same with well reduced rotten muck or dung at or after
the rate of twelve cartloads each to contain one cubical
yard or, with well-=burnt clod lime at or after the rate

of sixty bushels to each and every acre., And shall with
the said second crop lay the same down with good clover seed
at or after the rate of twelve pounds, and with rye grass
seeds at or after the rate of two pecks to each and every
acre.'! These instructions are considered by Howell to
indicate a presumed norm for light soil husbandry at that

time (Howell 1941).

Even allowing for the fact that soil organic levels at that
time would have been higher and soil structure more stable,
the practice of fallowing ground would expose sloping
fields to the risk of accelerated erosion particularly in
the months of May, June and July when thunderstorms are
fairly common, The presence of small fields and shorter
slopes would, however, reduce the effects of run-off

during high intensity storms and it is considered likely
that splash erosion and sheet wash* would be the principal
processes at work. To what extent the practice of shallow

ploughing influenced these processes is difficult to assess.

* The use of this term is considered in Chapter 5.
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Young (1785) in his Tour of Shropshire refers to a plough-
ing depth of 3-4 inches on land near Shrewsbury. Shallow
ploughed land would have a reduced infiltration capacity,
particularly if compacted by sheep folded on roots and
hence there would be a.considerable risk of run-off during
periods of heavy rainfall, Today, even with deeper
ploughing, loss of structure and capping are particular
problems . where sheep are folded on beet tops or roots,
During adverse seasons severe sheet erosion is common on
such fields, notably where soils are of sandy or silty

texture (see Figure = 4 Page 4 ).

The data contained in the Enclosure Award and Tythe Redemption
maps make it possible to obtain approximate dates for some
fields which today already show signs of talud develop-
ment as for example, parts of the former Forest of Morfe,
which was enclosed in 1812, The whole of this area is
characterised by loamy sands and sandy loams and is prone
to wind and water erosion. During the last war and sub-
sequently, many of the fields in this area have been in
arable agriculture and recently have tended to be in con-
tinuous arable use, During the ten year erosion survey
(1967=76) a number of fields have been observed to erode
each year when in arable cropping. Sheet and rill erosion
are the most common forms and give rise to extensive

base of slope deposits, an example of which is shown in

Figure 5 (Page 5 ),

Although it is possible to make a crude estimate of the total
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sediment accumulation along the down slope margin of these
newly enclosed fields within the 166 year period, it is
difficult to know whether it has resulted from a gradual
accumulation over the entire period or whether deposition
has been accelerated during the post war period. There
have been occasions during the lO-year erosion surveys
(1967-1976) which is referred to in Chapter 8, when the
amount of down slope accumulation of washed-off sediment has
been equivalent to 100 tons per hectare of soil loss.,
Allowing for the fact that there have been no apparent
significant shifts in rainfall during this later period,
the increased tendency to run-off and erosion stéms from
increasing compaction from heavier machinery and declining
levels of soil organic matter which in turn result from
continuous arable cropping. These problems will be

referred to in Chapters 4 and 5.

One valuable source of both historical and pedological
data can be found in the Rothamsted Reports on the soils
of Woburn Experimental Farm, Catt et al (1976) describe
the soils and land use history of Lansome, White Horse and
School fields in Woburn farm, The authors refer to a.'
thin layer of colluvial material which overlies part of the
lacustrine deposits in the north-eastern corner of Lansome
field which were associated with a former lake. This
colluvial material must have been deposited after the lake
was drained in the mid-19th century and this testifies

to the extremely recent origin of much of the colluvium

as a result of erosion, In an earlier report which deals

with another part of Woburn Experimental Farm, Great Hill,
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Road Piece and Butt Close, Catt et al (1974) include

a , photograph which shows - marked talud formations
whereiformer hedge runstransverse to slope . Today
only the steepest sections of the talud remains and this
may well represent part of the hedge which contained

large trees which have acted both as a buttress and a trap

for sediment.

One other useful method of dating hedgerows can be mentioned
here though it does not appear to be readily applicable

to the agricultural landscape of Shropshire. Hooper (1970)
describes a method of dating hedges by counting the numbers
of shrub species in one or more short lengths of the hedge.
Hooper considers that it appears possible that one more
species colonizes a hedge every hundred years, and on the
Huntingdon/Northamptonshire border he found evidence to
confirm this general theory. Here the correlation coefficient
came to +0.92 and the regression equation for predicting

the age of a hedge from the number of species in a 30 yard
length was calculated thusi-

the age in years = 99 x the number of species - 16,

That is a 4 species hedge is 380 years old (= Tudor)

and a 10 species hedge is 974 years old (= Saxon) accord=
ing to this formula, but there is still variation not accoun-
ted for by the age factor and it would be improper to say
that every 10 species hedge is 974 years old, It suffices
to say that 95% of ten species hedges are between 800 and
1150 years old and that their mean age is 974 years.

Clearly a seven-species hedge could be the same age as

a 10 species hedge but it is extremely improbable that a
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hedge with five species or less in a 30 yard length is

Saxon in origin.

Hooper, however, finds no correlation of a magnitude
sufficient for even this level of approximation in Shropshire,
for in the area south of Shrewsbury nearly all the hedges
seem at first sight to have three, four or five species

in them irrespective of their age. Although there is

a tendency for older hedges to be richer it is not sufficiently
marked to be able to date any one hedge even in a very
approximate way by the shrub content. He considers this

to be the result of a tradition of planting mixed hedges.

The rate of colonization may well be the same as elsewhere,
one species per 100 years, but of two hedges planted in

1600 one might have been of pure hawthorn and now be a

three or four species hedge while the other might have

been a two or three species hedge to begin with and now

be a five or six species hedge. This latter hedge would

be indistinguishable botanically from a hedge planted as

pure hawthorn, late in the 1l4th century.

Occasionally rapid run-off from up-slope has eroded cuttings
through hedgerows to reveal the presence of layered sec-

tions (a practice which is used to make stock-proof hedges)

which have been buried subsequently by sediment trapped

against the base of the hedgerow. In one example (see

Figure 6 Page 6 ) a burst water main sprayed a jet of

water against the down slope face of a hedge line which

formed a talud featuie of 1.3 metres in height. Excavation of this

revealed a former layered section which had been covered

A}
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by 70 cm of soil, Hedge layering or laying has been
practised since the time of enclosure and it is not yet
clear how layered sections of different species of hedging
react to partial or complete burial, Obviously if they
are prone to rapid decay when buried this would not pro=-
vide any means of approximate dating. llowever, in the
case of the quoted example historical data points'to a
hedgerow age of approximately 140 years. The lower
sections of layered hawthorn had decayed and this might

be accounted for either by fairly rapid burial which
inhibited growth or by biological factors such as the onset
of disease. Some twenty metres along the hedge was further
evidence of sediment accumulation where an iron sheep fold
was found in an upright position with only the top 30 cm
showing. It appeared that the sheep fold had been used

to fill up a hole in the hedge and this had been later

partially buried by 73 cm of soil.

Whilst none of this evidence is conclusive in terms of rate
of sedimentation it does provide a number of levels of
enquiry which, if pursued more objectively, might lead

to a clearer understanding of the processes of erosion and
deposition at work on the agricultural landscape, Reference
will be made below to more recent examples where rates of
sedimentation along hedgerows have been particularly rapid
with evidence from one area of an estimated 1.5 metres

(5 feet) of material in 38 years (1940-1978),

2.3 Pedological evidence

The evidence which is examined here relates to elutriated
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and truncated soils and the down slope deposits of over-
wash associated with the latter through rainfall erosion
and run-off, Apart from the pedological and agricultural
significance of these changes they do impart information
of sedimentation yield through which some estimate can be

made of rates of erosion.,

Avery (1964)considers that many of the agricultural soils
in the Chilterns have come to differ markedly from their
semi-natural counterpart on similar sites as a result of
accelerated erosion. The clay-with-flints which mantles
the chalk on upper slopes and spurs is normally covered by
a layer of flinty loam which supports ancient woodland,
whereas in adjoining long cultivated fields the profile has
commonly been truncated by erosion, so exposing the clay
subsoils, or where this is thin, the chalk below. Further
evidence of this process he considers is afforded by the
occurrence of marked declivities in association with field
boundaries following the contour (taluds). On the lower
side of such boundaries is eroded soil consisting virtually
of bare chalk or raw clay, whilst on the upper side, there

is an accumulation of top soil material derived from further

up slope.,

HHodgson (1967) considers that much of the hill-wash in the
dry valleys of the chalk in West Sussex has resulted from
the accelerated erosion that follows deforestation and cultie-
vation, as evidenced by the deep burial of Roman and Mediaeval
artifacts and the accumulation of similar material on the

upper side of field boundaries. He contends that the
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higher chalk content commonly found in arable profiles

of the Wallop Series is due to ploughing and other dis-
turbance and many such soils may result from erosion of
thin Winchester Soil Series, In the Reading district,
Jarvis (1968) describes recent colluvial deposits and sandy
materials such as the Barton, Bagshot and Reading Beds
sands which contain little clay and show no clearly defined
B horizon of any kind, which are appropriately classed

as rankers (non-calcareous soils with A, C profiles).

They occur mainly on agricultural land and sometimes may

be former podzols, in which the characteristic sube-surface
horizons have been lost by long agricultural use or by

accelerated erosion.

Deposits in a temporary pipe line trench in a dry valley
near Hawlkesbury Upton (S.T. 797868) Southern Cotswolds,
are described by Findlay (1976). IHe refers to a brown
clayey deposit of two kinds which overlies a.weakly bedded
limestone gravel on the lower slopes of one side of the
valley. The upper deposit was very stony, containing
limestone fragments of various sizes and below this was

a more or less stoneless layer. The latter presumably
represents rainwash under grassland conditions, whereas
the upper layer is recent material moved off nearby fields

by erosion while under intensive arable cropping.

Further reference can be made to evidence from the soils
of Woburn Experimental Farm (Catt et al 1976) where a

combination of natural and man induced erosion of weathered
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boulder clay on Lansome lill has exposed the Lower Greensand
around the summit so that Cottenham Soils (Brown Sand on
Lower Green Sand) are developed on Greensand in situ,

The authors consider that further recent erosion on this
part of Lansome field has resulted in the formation of sandy
rather than loamy colluvial tongues on the surrounding
slopes which have been mapped in Cottenham series, There
is, however, an absence of similar colluvial tongues on
White Horse field and this, together with the persistence

of loamy colluvium,.almost to the highest point of the
field, suggest that much of the erosion into the Greensand
on the summit has occurred since the hedge between Lansome
and White lHorse fields was established during the enclosures
about A.D. 1800. The hedge and the long period during
which White llorse field was maintained in pasture prior

to 1961 have together prevented the most recent soil erosion
from affecting the field. Now that the field is in arable
the authors consider that removal of this hedge would most
certainly result in increased erosion and could ultimately
change the mapped distribution of the two soil series.
Elsewhere in the area under consideration colluvium of slightly
stony sandy loam or sandy clay loam at least 80 cm thick
manfles all the lower slopes and partly fills the dry
valleys reaching 2 - 4 metres thick in parts of the central

sections of the wvalleys.

In the West Midlands, Mackney and Burnham (1966), Ilodgson
and Palmer (1971) and Hodgson (1972) refer to talud-like
features which are present in areas with a long tradition

of arable agriculture. The authors consider these features



to be the product of cultivation and exposure of soils to
the impact of rainfall erosion and run-off over a period

of time,

In east Shropshire the writer (1972) has made reference to
eroded soils of the Bridgnorth and Newport series in the
Worfe basin and in this area examples of both truncated
soils and buried soils can be found. Some of the best
examples of truncated soils can be seen on strongly sloping
land (8-110) where ploughing reveals a marked colour
difference between the eroded knolls (shallow phase of

the Bridgnorth series) and the deeper soils of the lower
slopes and minor re-entrants. Along convex facets of
slopes the Ap horizon rests directly on the weathered
mottled sandstone of the C horizon or is separated from

it by a remmnant of the B horizon. Water erosion is not
the only process at work here for sandy loams and loamy
sands of the Bridgnorth, Bromsgrove and Newport series

are prone to severe wind erosion, particularly on exposed

banks.

While it is evident that soil characteristics in this area
have been altered through time by man's interference by
ploughing and such practices as marling and stone picking,
there is clear evidence to suggest that accelerated erosion
has brought about the greatest changes on sloping land

which has been in arable cultivation for a long period

of time. In a number of cases there is evidence to suggest
that the erosion rate has increased significantly since

1940 when a number of 'banky fields' were ploughed, some
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possibly for the first time in the parish of Claverley.
This has resulted in remarkable rates of sedimentation

down slope with soil losses exceeding 150 tonnes per
hectare in one storm. One field which has been in con-
tinuous arable cultivation since 1940 has been observed

to erode each year during a ten-~year erosion monitoring
survey. Splash, sheet and rill erosion have been the

most common forms with severe gully erosion in 1975 and 1976.
Continued erosion has resulted in parts of the upper slopes
of one field (slope 7-80) losing much of the former sandy
Ap horizon so that recent ploughing has brought to the
surface in places a silty clay loam derived from under-
lying beds of rythmites. These areas of the field now
have a silt loam texture, whereas the texture up slope

and down slope of these areas is sandy loam. Down slope
deposition has taken place here at suéh a rate since 1940
that the hedgerow at the bottom of the field has been
buried to a depth of approximately 1.5 m. This represents
the sediment which has been retained by the hedge rather
than the total amount of material lost from the slopes
above, Large quantities of material moved through the
hedge into the field below during two big storms and

much of the run-off entered Hilton Brook (see Figure 7T
Page 7 ). Other examples can be quoted of datable fences
and hedges where the rate of sediment accumulation has been
notable., In other cases erosion has partially exhumed

the base of electricity pylons and exposed the roots of
trees, In places along tributary valleys quantities of
material from adjoining arable fields have been deposited

as an overwash on ground water gley soils, thus significantly
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altering the upper soil horizons of the latter.

A number of causal factors interact in this part of east
Shropshire to effect the significant rates of erosion
referred to above, Much of the Worfe basin is charac=-
terised by undulating land with steep convex=concave slopes
of varying length and aspect which are commonly found along
the sides of the main valley and its tributaries. A

high proportion of these slopes are today in arable and in
recent years some have been in continuous arable cropping.
The soils are predominantly sandy, low in organic matter
and weakly structured. Continuous arable cropping on

some farms has further exacerbated this situation. Row
crops predominate and the practice of up and down slope
cultivation is very common, Although these soils are well
drained and of easy access for cultivations there is a
tendency to plough and cultivate when the soil is too

moist and this results in compaction and smearing and the
formation of strong pans. Weak surface structure together
with extensive compaction results in reduced infiltration
capacity and hence greater run-off potential on slopes

during heavy periods of rainfall.

The effects of run-off have been heightened by the practice
of amalgamating fields and consequently increasing the length
of slope. Field amalgamation in areas of sloping terrain
often creates one large field with slopes of varying steep-
ness and direction which minimise the chances of successful
tcontour' cultivation. Further it is important to note

that the practice of continuous arable cropping on sandy
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soils can lead to accelerated changes in situ even on flat
sites through the process of splash erosion and elufriation.
Soils which are weakly structured and have organic matter
levels of less than 3% are adversely affected by rain
falling at the rate of 1 mm/hr, or more when the surface
is fallow or partially covered by a growing crop or crop
residues. Splash erosion pulverises weak soil aggregates
and causes the concentration of coarse sand on the soil
surface with the silt and clay sized particles being
translocated down the profile until the interstices and
voids become bloclked. The number of large wvoids in a
s0il are reduced when the surface is compacted by vehicles
and implements and this has a profound effect on the rate
of water acceptance into the Ap horizon, particularly
during periods of high intensity rainfall. Following a
rainfall event, a field surface which has been harrowed
often shows an accumulation of coarse washed sand on the

ridges and thin coatings of silt and clay in the furrows.,

Once a sandy soil has been exposed to pfocesses which break
down soil aggregates and result in the sorting of soil
particles the surface is very susceptible to further modi-
fication by wind erosion, Large quantities of coarse and
medium sand are moved by saltation and surface creep until
checked by hedgerows or other obstructions. The removal

of material in this way leads to the concentration of stones
on the soil surface in quantities which vary in amounts
depending upon the stone content of the affected soil.
Removal of fines and coarse/medium sand in this way and by

water erosion might account for the anomalous presence of
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thin spreads of stones on the soil surface (Ap horizon)
which are not present in similar concentrations or are
absent in the sub-surface horizons. It is acknowledged
that in an area such as this one with a complex drift
geology many reasons can be advanced to explain the presence
of surface spreads of gravels, In some cases, however, one
simple explanation can be advanced by considering the com=

bined effects of wind and water erosion.
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Chapter 3

Accelerated erosion of arable soils in the United Xinsdom:

The present dav pattern of erosion by water and wind

3.1 Ihtroduction.
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3.2.2 Water erosion of arable soils elsewhere in the
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57.



Chanter 3

The present day pattern of erosion by rainfall run-off and
wind in the United Kingdom

3.1, Introduction

Research on soil erosion in the United Kingdom has been con-
cerned largely with the impact of man in upland areas where
natural events such as moorland fires, overstocking or
tourist pressure has accelerated erosion rates, Evans
(1971) reviews the work of a number of authors who report
erosion of deep peat in the northern and southern Pennines,
Thomas (1956) describes examples of gully erosion in the
Brecon Beacons, South Wales and also draws attention to

sheep~-induced erosion in the Plynlimon area of central

Wales (1965).

Despite the incidence of steeper slopes and greater annual
rainfall totals the impact of soil erosion on upland agricul-
tural land is small in comparison to that of lowland areas

as the proportion of arable land in the upland farming
systems is small, It is in the intensively cultivated

areas of lowland Britain that the risk of soil erosion by
both wind and water is greatest. As any exposed soil

surface is potentially vulnerable to wind and water erosion

58,



the period of greatest risk occurs during early spring
through to early summer and to a lesser extent during the
autumn and early winter during the periods of ground prepara-
tion, sowing and crop emergence until sufficient cover is
afforded to the soil surface. The occurrence of adverse
weather during spring and autumn will have an important
bearing on the incidence and type of erosion likely to
occur, While wind erosion in eastern England is an acknow-
ledged hazard during dry windy spells in spring and early
summer and has been widely reported, the effects of water
erosion on arable land by comparison havereceived little

attention.

3,2 Water erosion

Evidence from a number of areas in the United Kingdom seems
to suggest that soil erosion by rainfall and run-off is g
more widespread and frequent event than is generally accepted
and this is certainly borne out by a decade of soil erosion
monitoring in the West Midlands by the writer. Although
much of the data here relate to sandy soils they demonstrate
that significant amounts of soil erosion can be effected

by rain falling at much lower intensities and for shorter
dqrations than is experienced in many parts of the U.S.A.
where so0il erosion is a serious problem. By analogy with
the West Midlands there are many areas of the United Kingdom
with similar soils, terrain and land use to warrant a closer
inspection of the problem. Apart from sandy soils there are

extensive areas in lowland Britain that are characterised
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by silty soils which suffer from varying degrees of insta-
bility under continued arable use and these problems can
be exacerbated during periods of adverse weather, Soil
Survey Memoirs and Records report surface structural problems
(10ss of structure) affecting a wide array of soils which
in some cases have led to sheet and rill erosion. The
circumstances which give rise to loss of structure in soils
are examined in Chapter 4. Of the four types of water
erosion namely, splash, sheet, rill and gully, the first
three types are the most widespread. However, in the
United Kingdom few writers refer specifically to splash
erosion but rather to soil structural instability under

heavy rainfall.

3.2.,1 Water erosion in Scotland

Instances of water erosion of arable soils in Scotland are
reported by Glentworth (1954), Glentworth and Muir (1963)

and Ragg (1960 and 1973). Ragg (1973) describes the occur-
rence of sheet and rill erosion in Scotland in the Merse of
Berwick and the Central Lowlands. He refers to the turbidity
of streams and rivers after heavy rain and the quantities

of soil deposited on roads and neighbouring fields which
provide ample evidence of sheet and sometimes rill erosion.

lle considers that less obvious erosion probably occurs whenever
appreciable rain falls on ploughed land with slopes exceed-
ing 70. As evidence of these processes he cites the presence
of talud-like features or breaks of slope (l1~2 metres) where
soil has accumulated against hedge or fence boundaries..

More specifically he refers (1960) to water erosion of the
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Whitsome series (loam to clay loam) around Kelso and Lauder
which covers some 118.5 sq. miles and occupies all that

part of the Merse below 350 ft. and contains the main arable
soils of any extent on the Borders, This series is develo=-
ped on a till with well developed elongated drumlins 25-30 ft,
high and up to one mile in length. Up and down slope
cultivation on these drumlins has resulted in sheet and

rill erosion developing during periods of heavy rain.

Glentworth (1954) describes the soils of the country around
Banff, Huntley and Turriff. Although he does not consider
soil erosion to be a problem in the north-east of Scotland,
he has noted occasional gullies developing in arable fields
with up and down slope cultivation. 'Where this has occurred
an attempt is commonly made to re-transport the eroded soils
to the top or to the thinmner parts of the field.' (a prac-
tice which is written in to some tenant farmers' agreements
in the south-west peninsular -~ notably Devon). Reference
is also made to deep gullies cut out on the hillsides by
phenomenal 'cloudbursts'., Although such events Glentworth
considers to be extremely rare, other examples of gullying

have been reported elsewvhere in the north-east,

In the country around Aberdeen, Inverurie and Fraserburgh,
Glentworth and Muir (1963) consider that the extensive
felling of trees during the first and second world wars

has increased the risk of soil erosion and evidence of this
is provided by the infilling of many drainage ditches on
the lower ground with material eroded from the felled areas,

Grove (1977 personal communication) examined gully erosion
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of arable land in Speyside. He described deep long gullies
which formed after a week of heavy rainfall producing large

fans of deposited material along lower slopes and field

boundaries,

The hazard of soil erosion on cultivated slopes was acknowledged
by 19th century writers in Scotland. Bennett (1939) quotes

the worl of Sinclair who was writing in the early 19th century
on the problems of ridging on sloping lands, Sinclair
condemned the practice of up and down slope ridging and

favoured diagonally sloping ridges which provided the necessary

drainage but inhibited rapid run-off and soil loss.

Jacks and Whyte (1939) believed that sheet erosion was
taking place, particularly on light soils and in the more
hilly cultivated lands in the higher rainfall areas of Wales
and Scotland. They refer to various indicative signs of
erosion and in particular to eroded patches in sloping
arable fields which could be clearly seen in emergent cereal
crops. They emphasise the need to cultivate along the con-
tour and avoid the practice of up and down slope cultivation,
Other methods were recommended which suited better the topo-
graphy and field pattern, and these included ditching and
banking which could act as sediment traps and slow down
run-off, 'Contour cultivation' cannot be easily and safely
applied to a landscape characterised by steep slopes and
small fields as it presents serious problems of tractor

stability and poses a serious risk to tractor drivers.

Another problem cited by Bennett (1939) concerned the rapid
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erosion of upland acid peat and its subsequent deposition
down slope, thus reducing the fertility of any arable soils
affected by this process., There is evidence to suggest that
e;osion of upland soils has increased locally under the com=

bined impact of over-grazing and burning.

3.,2.2 Water erosion of arable soils elsewhere in the

United Kingsdom

Other parts of the United.Kingdom affected by water erosion
are referred to by Evans and Morgan (1974). They describe
spectacular erosion near Balsham in south Cambridgeshire

on shallow loamy soils of the Swaffham Prior association

on slopes 4 = 50 planted with beans and sugar beet. An
estimated 3.3 tonnes/hectare of soil was deposited during

a thunderstorm which yielded 7.4 mm of rain over Cambridge
13 km to the north-west, Further erosion was noted near
Abington, Cambridgeshire on slopes of less than 2° on com-
pacted ground sown to turnips. Morgan (1974) refers to
sheet and rill erosion in the Silsoe area of mid-Bedfordshire
on sandy loams derived from the Lower Green Sand (Cottenham
Flitwick and Oak series) when 17,7 mm of rain fell in 30
minutes causihg some minor roads to be partially blocked
with sediment., Catt et al (1974) describe soil erosion
affecting soils of the Cottenham series (Brown sand on
Lower Green sand) and the Stackyard series (Brown earth

on sandy colluvium) at Woburn Farm, when exposed to heavy
rain, One example quoted occurred during a storm in

May 1973 when over 50 mm rain.fell in an hour causing

severe sheet erosion in a field of potatoes (slope 1 = 30)
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with several centimetres .of surface soii and many young
potato plants being washed out, The inherent erodibility
of the soils on the Lower Greemnsand when exposed to heavy
rain and the influence of surface and sub-surface compac-
tion by heavy machinery are considered to be causal factors

by the authors.

Douglas (1970) cites a number of examples of soil erosion
by water ranging from small gullies 0.35 mm deep in winter
wheat on chalk near liorncastle, Lincolnshire (April 1939) to
b m deep gullies which developed in a crop of young turnips
growing on the slope of a drumlin near Blaydon, Co. Durham
following a thunderstorm on 22nd June, 1941, when almost

80 mm of rain fell in 2 hours. Rogers and Greenham (1948)
described erosion caused by a heavy storm in a young planta-
tion on sandy soil at Fast Malling and also at Larkfield,
Kent, They comment on the tendency of siting fruit planta-
tions on hillsides, in order to lessen risk of frost damage,
has made soil erosion a more serious problem. Low (1963)
reports erosion of silty loam soils on a newly planted

apple orchard at Jealotts Hill Research Station when the
first winter's rain produced many tons of washed soil down
slope (concentrated along cultivation lines paralleling

the slope) which necessitated the use of a bulldozer to
return the material back up slope. He also refers to rill
erosion in sandy loams of the Berkhampsted . and sheet
erosion in the Hildenborough series at Fernhurst, Sussex,

(Low 1972).

In a survey of poor soil and crop conditions in Lincolnshire
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and Nottinghamshire, Archer and Wilkinson 1969 refer to
sheet and pully erosion on undulating ground, causing damage
to small seedlings, particularly sugar beet. In the
Ollerton district of Nottinghamshire sandy soils of the
Newport series cover an area of 3990 hectares (9859 acres)
and some 40% of the survey area (Robson and George 1971).
The soils are prone to wind erosion with severe blows result-
ing in the loss of fine earth and abrasive damage to seed-
lings being expected once every five years. However,
Robson and George consider that the cumulative effect of
annual rainwash (mean annual rainfall 640 mm, 25 inches)

on arable land may reduce the productivity of Newport soils

more than the dramatic but rarer blows.

South of Derby in the Melbourne area, Reeve (1975) records
erosion affecting the Worcester series (clay 1oam) after.
heavy spring rain, and also on strongly sloping land which
carries the shallow phase of the Rivington series (coarse
loamy) which is prone to erosion when intense rain follows
compaction resulting from spring harvesting of horticultural
crops.,

Clayden (1964, 1971) refers to soils in Devon around the
middle Teign valley and the Exeter districts where arable
cultivation on moderate to strongly sloping ground with a
long tradition of barley growing has led to a moderate
degree of soil erosion.,. He also considers sheet and

gully erosion to be a hazard on virtually all the cultivated

land around Exeter and that erosion is likely to be more
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serious where steep slopes are cultivated. In another
part of Devon, near loniton, erosion is considered to be
a hazard on sloping sites used for intensive arable cropping

on soils of the Bridgnorth series (Harrod 1971).

3.3 Wind erosion of arable soils in the United Kingsdom

Ja3.0 Introduction

Wind erosion of arable soils may occur in the British Isles
wherever soil, crop and climatic conditions are conducive

and contrary to soms reports (‘Agricultural Advisory Council 1970)
and Davies & llarrod 1970) the problem of 'blowing soils'

is not solely confined to flat exposed sites on the eastern
side of England. Certain arable soils, notably fine sands,
sands, loamy fine sands, loamy sands, sandy loams, light,
loamy and sandy peats are particularly prone to damage by
wind when in a fallow or partial fallow - a condition which '
is common during seed bed preparation, seed emergence and in
the early stages of crop growth before sufficient cover is
afforded. It can be seen from Figure 8 that the distri-

bution of these soils in England is widespread.

In a survey of the agriculture of the sand lands in districts

of low rainfall ((30 inches per annum) (l95hr'wind erosion
constituted a problem in 3 out of 5 of the National Agricultural
Advisory Service provinces, namely Yorkshire, East Midland

and the Eastern Province, though no estimate is given of the
extent of the problem either locally or regionally. This

report emphasises the profound changes which have taken
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place in the post-war period in the farming of light soils
through the introduction or extension of root crops like
sugar beet and carrots, by the lowering of costs by mechani-
sation and by increased yields of cereals through the use of
new varieties and heavier applications of nitrogenous
fertilizers., These changes in agricultural practices
necessitated the enlargement of fields with a consequent
increase in exposure to erosive winds and the increase in
continuous arable cultivation at the expense of ley farming
has resulted in a decline of organic matter in soils which
are already inherently poor in humus. Other management
practices such as continuous barley cropping, burning of
straw and stubble, deeper ploughing and the forcing of
tilths with rotovators have tended to increase the risk

of soil erosion, particularly during adverse seasons.
Certain crops like sugar beet occupy the ground for a longer
period, require more seed bed preparation and the crop takes

longer to provide adequate protective ground cover,

3.3.1 Distribution of wind erosion in the United Kingrdom

A combination of suitable soils, landforms and farming prac-
tices, together with a drier climate, make parts of the

arable areas of eastern England particularly susceptible

to wind erosion. Reference is made to 'soil blowing' in a
number of reports and papers. In the Ministry of Agriculture
survey (1954) referred to above wind erosion constituted

a problem in the Vale of Pickering, on the Nottingham and
Lincolnshire sands, the lower Greensand of mid-Bedfordshire
and the Breckland area of Norfolk, In a survey of wind
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erosion on sandy soils in the east Midlands, Wilkinson et

al (1968) investigated erosion hazard in Lincolnshire (Lindsey)
and Nottinghamshire during‘the winter of 1965-1966, Five
districts in Lindsey and Kesteven are recognised and two

in Nottinghamshire as having an erosion problem and these

are identified in Figure 8. The soils are predominantly
sandy and are derived from glacial sands, cover sands, loess,
fen peat and alluvium as well as Triassic sandstone. A

total of 60 farms were surveyed amounting to 2,383 hectares
(5,889 acres) and the percentage area subject to ercsion is

recorded in Table 6.

Table 6

Surveved acrearses and their liabilitv to erode (Fast Midlands)

County | Total acreage surveyed Percentage of Percentage of
acreage acreage where
liable to whole field
erosion stated as

liable to
erode

Lincs 4,790 (1,938 ha) 35 13

Notts 1,099 (445 ha) L2 16

Total 5,889 (2,383 ha) 36 14

Source: Wilkinson et al 1968 Page 55.

The survey revealed that organic matter levels were very low
in general ({25)) and significantly lower in the eroded areas.,
fechanical analysis of soil samples (in situ and eroded)

showed a higher fine sand content (0.2 - 0.02 mm) in

- 68 o
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Lincolnshire soils and this is considered to be one of the
reasons to explain the higher percentage of arable land liable
to wind erosion. Robinson (1968) described the distri-
bution of wind erosion in Lincolnshire following the excep-
tional conditions of March 1968 and considered the problem
to be more widespread than ever before affecting an esti-
mated 2024~2428 hectares (5000-6000 acres) in Lindsey and
6070 hectares (15,000 acres) in Kesteven. This figure

of 8498 hectares (20,998 acres) represents an over 12-fold
increase on Wilkinson's 1965-1966 survey, which in part can
be accounted for by the greater severity of the blow which
was sustained over a period of six days and resulted in
wind erosion affecting a variety of soils which hitherto
are thought to have been unaffected. The particular cli-
matic circumstances which gave rise to these events are

examined in Chapter 6.

Robson et al (1974) however, describing the soils in the
Till valley near Woodhall Spa, considers erosion to be
slight in this area and constitutes only very minor limita-
tions on certain sandy and peaty soils. Reference is made
to wind erosion in Kesteven during dry springs which may

result in sugar beet having to be re-drilled.

In the Ollerton area of Nottingham, soils of the Newport

series (sands, loamy sands and sandy loams) cover 3990 hectares
(9859 acres) which amounts to 40% of the 100 km2 surveyed

by Robson and George (1971). The authors consider that

severe local erosion with resulting loss of fine earth and
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abrasive damage to seedlings can be expected once in five

years,

To the north-west the Bunter sands which dominate the

Nottinghamshire parishes around Worksop give rise to light
soils prone to both drought and wind erosion (Reeve 1976).
Newport soils form the largest mapping unit covering 1510
hectares (3730 acres) or 15.1% of the area. Although

some erosion occurs in most years, severe damage can be expec=
ted on average once every five years. Cther soils affected
are the Dridgnorth series (350 ha, 865 acres 3.5%) and the

Crannymoor series (60 ha 150 acres 0.6%) with crops of beet

and carrots at most risk. Reeves cites the changes which
have taken place in the farming of these 'Bunter' parishes ;
which have shifted from a very mixed system to one of total
arable farming. Herein may be the reason for the extent

of present erosion and the potential for increased erosion

hazard in the future.

In the Trent valley around Newark'wind erosion is not con-
sidered to be a major limitation to land capability on soils
other than the Newport series which are prone to blowing

in spring when strong winds coincide with insufficient

ground cover' (Johnson 1975).

Wind erosion in parts of east Yorkshire reached serious pro-
portions in February and March 1967 with the principal area
affected being the glacial and lacustine sands and areas

of cover sand . on the east side of the Vale of York

where patches of erosion affected a corridor some 50 miles

long and 3-11 miles wide stretching from the Iumber to the
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vicinity of Northallerton (Radley and Simms 1967). Damége
to soil, seed beds and crops was widespread and in places
dunes 3-4 feet high (0,9 m=1.2 m) formed in the lee of
hedges with one example near Moxby Moor (SE 590 670) of a
dune 275 yards (252 m) in length and of more than 15 yards
(13.7 m) in width - an estimated 50,000 cubic feet (1415 m°)
of material. The authors contend that erosion has been
accentuated as a result of the combined effects of modern
farming practices, particularly field amalgamation which

has increased wind fetch, and the onset of a dry spring with

above average frequency of gale force winds.

In the Soil Survey of York LEast, Matthews (1971) describes
soils representative of the glacial and post-glacial (Flandrian)
deposits in the Vale of York. The soil series which are
liable to blow together with those which occasionally blow
are listed in Tables 7 and 8. Some 19 series and 4 com-
pPlexes have been mapped in the York East area and of these,
6 series amounting to 153C hectares (377C acres) or 20.4%

of the area surveyed are liable to blow. In two series,
Holme Moor and Kelfield, blowing is considered a limiting
factor and a potentially serious one. Elowing occurs in
four other series and one complex and affects some 2385
hectares (5880 acres) - a further 32% of the surveyed area.
To the south of York the Escrick (SE 64) and Barmby Moor

(SE 74) districts form a 20-mile transect of the Vale of
York covering some 200 km2 and include soils representative
of the whole Vale (Bullock 1974). Most of the soil series
described by Matthews (1971) as being liable to wind erosion

are represented here. Soils liable to blow amount to some
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Table 7

Soil series vhich are liable to blow

Source:

Pages 21 - 27

Adapted from Matthews (1971)

Mapping Unit Texture I'arent Area %
Series Material hectares of area
(acres) surveyed
Claxton Loanmy Aeolian fine 230 h 3.1
Ground water fine sand over (570)
rley sand or reddish brown
non-calc.) fine clayey till
sandy mainly from
loam Keuper marl
Everingham Loany Aeolian fine 480 n. 6.4
Ground water | fine sand (Late (1190)
ley sand Glacial/
%non-calc.) Flandrian)
llolme Moor Loamy Aeolian fine 200 h 2.6
fine sand (Late (480)
sand Glacial/
Flandrian)
Kelfield Stony Stony sandy 340 h Lo
Acid brown loamy drift (8k4o)
earth sand (morainic)
Kexby Loamy Aeolian fine 260 3.5
Gleyed brown | fine sand (640) '
earth sand Late Glacial/
Flandrian
Naburn Loamy Aeolian fine 20 0.3
Acid brown fine sand (50)
earth sand Late Glacial/
Flandrian
Total 1530 20.4
(3770)
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Table 8

So0il series which occasionallv blow

Mapping Unit | Texture | Yarent Area %
Series Material hectares of area
(acres) surveyed

Blackwood Loamy Sandy fluvio- 300 4,2
Ground water sand glacial drift

gley

(non=-calc.)

fulford Stony Stony sandy 310 h,2
Ground water loamy drift (770)

>ley sand (morainic)

non-calc, )

Gilberdyke Peaty Aeolian fine 15 0.2
Peaty gley loanmy sand or sandy (40)

soil sand fluvioglacial

drift

Stockbridge Loamy Sandy fluvio- 890 11.8
Gleyed brown | sand glacial drift (2190)

earth

Holme Moor= Loamy Aeolian fine 870 11.6
Lverington fine sand (2140)

complex sand

Total 2385 32.0
(5880)

Source:

Pages 21 - 27

Adapted from Matthews (1971)
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61/ of the area surveyed (6135 hectares - 15,159 acres).
On the land capability classification map large areas of
both sheets are shown as 3 se (land with moderate soil and

erosion limitations).

In the Doncaster area Jarvis (1973) describes soils rep-
resentative of the sands of the 'Doncaster delta!' (glacial/
post glacial lake) which are mapped as Newport series amount-
ing to 27 of the surveyed area (2090 hectares 5170 acres).
As in other districts, Newport soils are very susceptible

to wind erosion, though the author considers that it is less
of a problem here than in the finé sand areas of the eastern
Vale of Yorlk. To the west of York and Selby Crompton and
Matthews (1969) describe soils of the western part of the
Vale of York. Although a number of éandy textured series
are described the authors consider that wind erosion is

only a minor problem on the Stockbridge series which cover

less than 1%, of the area surveyed (445 hectares 1100 acres),

Some of the most sefious wind erosion has taken place in the
Fens where some soil blowing takes place nearly every year.
Reports of wind erosion on arable land in the Fens begin

in the early 1930's and these events register a change in
farming practice rather than a significant change in weather.
In certain seasons, 1943, 1950, 1955, 1956, 1967 and 19683,
wind erosion was more severe. . Dry springs which are pre-
ceded by winters with above normal frequency of frost to
breakx down soil aggregates provide ideal prerequisite con-
ditions for erosion when damaging winds occur. Spence (1955)
describes a severe 'blow'! in the Fens around Manea (an area
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with virtually no hedges) when winds gusted to 56 knots

on May 4 - 5, 1955. Fields which suffered most erosion
were those prepared for seed but still bare and those
recently sown with sugar beet, carrots and other root crops}
Abrasion damage was done to young crops of barley and estab-
lished winter wheat. Spence (1957) considered that in

1956 soil blowing was less severe and more localised and
records wind erosion on 10 May affecting 800 acres (32h hectares)
of black fen 8-10 miles north-east of Cambridge. Damage
was caused in the same area on resown crops of carrots and
sugar beet during July (5 and again on 29-30 July) when the

hourly wind speed reached or exceeded 25 kt.

In Huntingdonshire Pollard and Millar (1968) reported severe
blowing on 18 March 1968 which affected virtually every

field in fine tilth in the area around Holme and Ramsey St. Mary's,
Severe blowing continued during the period March 16-20 and |

again on 1 April when the hourly wind speed was never less

than 20 kt with gusts up to 40 kt on the 18th and 20th.

Approximately 86% (480 kmz) of the soils around Ely are
derived from fen deposits - fen islands, skirtland, silt
fenland and peat fenland. Of this area 25% is mapped as %
Adventurers! series (Seale 1975.1) which covers 14095 hectares
(34828 acres). These soils are most susceptible to wind ?
erosion when the surface is bare and dry. Seale considers

that serious blows occur once every 4 or 5 years. Adventurers!
series forms the largest mapping unit (11.1%, 6,200 hectares

15,320 acres) to the north-east of Cambridge and here liodge
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and Seale (1966) report occasional wind erosion damage.

Small arcas of Isleham series (sand to loamy sand) have been
mapped around Ely and Cambridge and these soils are known

to blow. Between Cambridge and Peterborough, Seale (1975.2)
has mapped soils of the Adventurers! series in the district
around Chatteris., Here, in addition, small afeas of soils
of the Prickwillow, Ireton and Isleham series are reported

as béing susceptible to wind erosion.

In East Anglia, apart from in the Fenland, wind erosion
adversely affects soils on the Breckland sands around Thetford
and DBrandon, and the sandy skirtland of west Suffolk,

Corbett (1973) refers to 2 fairly extensive areas of blown
sand to the north-east and east of hMildenhall and a small

area to the south-west of Brandon and considers that wind
erosion occurs to a limited extent in most years and seed

beds occasionally need re-drilling. Sneesby (1953) refers

to the records of 16 dust storms sighted at the weather
station at Mildenhall in west Suffolk between 1935 and 1953,
All but one of these 'blows! took place in late March and in
April though blows have been recorded as early as February 27
and as late as June. Corbett and Tatler (1970) have mapped
soils of the Adventurers', Prickwillow, Isleham and Freckenham
series to the north of Deccles, east Norfolk. Wind erosion

occurs on the Freckenham series but is not considered to

be of importance.,

Localised damaging wind erosion has been reported from the
West Midlands - notably in east Shropshire by the writer

(1972) and in Worcestershire, around Kidderminster by Hollis
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and Hodgson (1974). The principal soils affected are
Newport, Bridgnorth, Bromsgrove and Wicl: series and the
distribution and frequency of erosion is considered in

Chapter 7, which deals specifically with the West Midlands.

On the Wirral peninsular in Cheshire occasional crop failures
result from wind erosion on very fine loamy sands and fine
sandy loams of the Dee series and blowing is known to affect
soils of the Crannymoor series (Furness and King 1973) and
sandy loams and loamy sands of the Stockbridge series near
Crewe, Cheshire (Furness 1971). Other instances of wind
erosion are reported in Lancashire on Shirdley IIill sand and
organic soils (Hall and Folland 1970), on the Tywood series,
Pembroke (Rudeforth 1974), and in the middle Teign valley and
the Exeter district of Devon (Clayden 1964 and 1971). He
cites localised wind erosion affecting soils of the Bridgnorth
and Crannymoor series, which in the latter district cover

6,480 hectares, 16,010 acres (6.5} of the area surveyed).

In the Howe of Strathmore, eastern Scotland, Ragg (1973)
refers to wind erosion on arable land which on occasions
blocks roads with sediment. He also describes other areas
along the Moray Firth and Eastern Seaboard which are prone

to wind erosion where sandy soils developed in fluvioglacial
raised-beach and blown sands are prevalent. Glentworth
(195h) describes the soils around Banff, Iluntly and Turriff
and refers to wind erosion affecting light textured soils

of the Corby and Boyndie association under conditions of
unusual dryness in spring. Burnham'(personal communication)

referred to serious blowing on arable land around Aberdeen
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and
during the dry spring of 1968 and GlentworthAyuir (1963)

record wind erosion on the Boyndie association which is

developed on fluvioglacial sand.

3.4  Summary

1. The distribution of wind and water eroded soils in the

United Xingdom is reviewed in the light of our present lknowledge.

2, Data sources are principally memoirs and records of the
Soil Survey of England and Wales and Scotland. This data
reveals that a wide array of soil series are affected to a
greater or lesser degree by wind and water erosion, Even
so, in the literature there is a general reluctance to
acknowledge that soil erosion by water constitutes a problem

in lowland Britain.

3. The most widespread problem referred to in Soil Survey
reports is loss of surface structure in arable soils which

is a common feature of sands, loamy sands, sandy loams, silt
loams and peaty loams, particularly where continuous arable
agriculture is practised and soil organic levels are low ((3%).
The mechanics and characteristics of loss of structure are

considered in the following chapter.

4L, In Figure 8 the distribution of sandy parent materials
which give rise to light soils are mapped. The parent
materials are derived from Permo-Triassic sandstones and

pebble beds, glacial and fluvioglacial sands and gravels,
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sandy stony morainic deposits, aeolian sands and river terrace
deposits., Dominant soil groups represented are brown sands,
brown calcareous earths, brown earths, argillic brown earths,

podzols, gley podzols, sandy gley soils and stagnogley soils,

5. References to soil erosion in Scotland are confined
primarily to the Eastern Coastal Plain and to the Central
Lowlands. Evidence of wind and water erosion is cited
though neither is considered to constitute a problem in

Scotland,

6. The distribution of water erosion is more widespread in
England and reference to it affecting particular soil series,
notably Bromsgrove, Bridgnorth, Newport, ¥Wick, Arrow and
Crannymoor series reoccurs in a number of papers. Sorre

estimates are given of soil loss per hectare during erosive

storms.

7. All the principal forms of water erosion on arable soils
are referred to with the most commonly encountered forms

being sheet and rill erosion.

8. VWhereas the distribution of water eroded soils is wide=-
spread, particularly in lowland Britain and affects both
coarse, medium and fine textured soils, the greatest con-
centration of wind eroded soils lies in the drier eastern
rart of Britain. The farming systems are dominated by

" arable enterprises with large exposed fields charactgrised

by sandy and organie soils which are very susceptible to
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damage by wind erosion when in a dry 'fallow! condition,

9. Soils series which are liable to blow and those which

occasionally blow are listed in Tables 7 and 8,

10, There has been a significant increase both in the area
affected and in éhe frequency of serious blows since the
1930's when major changes took place in farming systems with
sugar beet and subsequently continuous barley growing becoming
important,. The impact of these changes on the soil system

is examined in the following chapter.
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Chapter 4

Analvsis of the principal factors affectings the erosion of

arable soils by rainfall and raindrop splash

4,1 Introduction.,

4,2 Mechanics of rainfall erosion.

4,2,1 Raindrop characteristics.
4,2,2 Raindrop impact and splash.

4,2.3 The effect of raindrop impact and splash on infiltration.,

L,3 Basic factors affectins field soil loss,
L,3.,1 Climatic factors; rainfall.‘

L,3.2 Soil erodibility.

4,3.3 Slope characteristics.

4h.3.4 Crop and management practices.

L4 Summary.
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Chapter 4

Analysis of the pnrincipal factors affecting the erosion of

arable soils by rainfall and raindrop snlash

L,1 Introduction

Ellison (1944) defined soil erosion 'as a process of detach-
ment and transportation of soil materials by erosive agents!,
In this chapter the agents examined are rainfall and rainfall
splash with the main emphasis being on soil detachment by
rainfall, transport by raindrop splash and the effects of
splash on infiltration. Soil detachment by run-off and trans-
port by run-off which are identified as separate but inter-
related bhases of the process of soil erosion by water are

described in Chapter 5.

The four basic factors that can be identified as affecting

so0il loss in the field are rainfall, soil erodibility, slope
characteristics and crop and msznagement practices (including
conservation measures). This chapter seeks to examine the
factors which are significant in understanding soil erosion
processes, In this regard emphasis is placed here on examining
previous research which is broadly relevant or is directly

applicable to erosion studies in the United Kingdom,

4L,2 Mechanics of rainfall erosion

L,2,1 Raindrop characteristics

Wollny recognised the destructive effect of beating raindrops
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on exposed soil surfaces as early as 1877 and research up

to the 1940's by a number of authors, Lowdermilk (1930),
Duley and Kelley (1939), Bennett (1939), Laws (1940), Laws
and Parsons (1943) and Ellison (1944) has tended to confirm
his observations and investigate many new aspects of the
‘problem. lost of the published results at that time had
been obtained either by the filter paper method or the flour
pellet method, In the former method, filter paper supported
in a frame and treated with a powder dye is exposed to rain
for short periods. The stains made by drops are counted,
measured and interpreted in terms of drop sizes with the aid
of a calibration curve appropriate to the paper in use., In
the latter method raindrops fall into pans of sifted flour
and produce dough pellets which are subsequently baked and

graded through sieves (Best 1950).

The United States Soil Conservation Service carried out a
series of studies in the period 1936-1940 on the relation
of raindrop size to erosion and infiltration as part of a
general programme of investigation into the mechanics of the
water erosion process. The main properties of rainfall
studied included raindrop mass size, size distribution,
shape, velocity and direction., From these variables the
kinetic energy (0.5 mass (velocity)z) and momentum (mass x

velocity) can be determined.

Drop size

Laws (l9h0) described how the infiliration rate after £ hour

of rainfall decreased with an increase in kinetic energy of
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the drops falling per unit area. Ie also found, 'that the
erosional losses, which are measured in terms of the con-
centration of the so0il in the run-off water, increased by
as much as 1200%', as the drop sizes were increased, Laws
and Parsons (1943) investigated drop size distribution in
natural rainfall and this was to mark the beginning of the
concept 'that erosion is a work process for which energy is
supplied by the falling raindrops and the slope of the land
down which the run-off flows'. It appeared likely to the
authors that if drop size were averaged over larger areas
and for longer periods of time, the median drop=-size would
be a fairly strict function of rain-intensity and that an
increase in rainfall intensity would show an increase in

median drop size,

Drop size distribution is described by the parameter D.50 which
is referred to as the median drop size. Laws and Parsons

(19&3) described the relationship of median drop size to

0.182

intensity by the equation D = 3.23 I in which I is

50
intensity in inches per hour. Best (1950) in an analysis

of the size distribution of raindrops found that the frequency
curve for drop size was skewed towards the large diameters
with a maximum diameter of 7.2 mm. A value D5O was derived
such that 50% of the water in the air was composed of drops

with diameters smaller than D__. D = 0,69 1/N

50 50

where N, A and P are empirically derived instants and I is

AJILP,

intensity. A number of research workers found that drop

size distribution may be correlated with a number of factors

such as rate of rainfall, type of rain (orographic, non-orographic)
and periods throughout a storm. In orographic rain, drops
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seldom exceed 2,0 mm in diameter and intensities usually

do not exceed 25.4 mm per hour.

Blanchard (1953) considers that the median drop diameter

for this type of rain is approximately half that in non-
orographic rain of the same intensity. Table 9 gives the
analysis of several rainstorms and shows the disfribution

of drop sizes within the range 0.5 mm to 5 mm, Drop size
increases as the raté of rainfall per hour increases.

Mihara (1952) noted that when the intensity of the rainfall
becomes 'strong! the larger drops will increase but the
number of small drops will become exceedingly larger,

Hudson (1971) found that drop size declined slightly in

high intensity falls and maximum drop sizes appear to be in
the order of 5«6 mm diameter. Blanchard (1950) found that
all drops larger than 5.4 mm were broken apart when supported
in turbulent air-flow whereas in non-turbulent air only drops
smaller than 7.7 mm were stable for any length of time,

The drop size distribution in rain acquired increased impor-
tance in the late 1940's as a result of the use of radar to
locate precipitation. The radar signal reflected from
precipitation is very sensitive to the size of raindrops.
Studies using radar related drop size distribution and liquid
water volumes per unit volume of the atmosphere (m3) to the
radar reflectivity factor Z by empirical equations of the

exponential type (Smith and Wischmeier 1962),

Drop velocity

Gunn and Kinzer (1949) found that drops smaller than 0.08 mm
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Table 9

Number o7 raindrops of various sizes in nine rainshowers

Drop Number of drops per square metre per second
Diameter

(mm) 1 2 3 il 5 6 7 8 9
0.5 1000|1600 129 60 o]l 100| s514| 679 7
1.0 200| 120| 100| 280} 50|1300| 423| 524 233
1.5 140| 60| 73| 160| 50| s500| 3591 347| 113
2.0 140| 200| 100| 20| 150| 200} 138 295| 46
2.5 0 ol 29| =0 0 o| 156{ 205 7
3.0 0 ol 57 0] 200 ol 138} &1 0
3.5 0 0 0 0 0 0 of 28| 32
4.0 0 0 0 ol 50 0 0 20| 39
4.5 ol o 0 o) o| 200{ 101 0 0
5.0 0 0 0 0 0 o] 0 o]l =5
Total No. | 1480{1980| 486 | 540 | 500(2300|182912179| 502
Rate of

Rainfall | 5.4 (3.6 |6.6 [3.0 [19.2(43.2{34.3|21.215.6
mm/hr.

Colurms 1 and 2: refer to a rain which looked very 'ordinary!,
the wind had freshened between 1 and 2.

Column 3: rain with breaks during which the sun shone.

Column 4: ©beginning of a short fall like a thunder shower,
distant thunder.,

Columm 53 sudden rain from a small cloud, calm sultry before rain,
Colurm 6: violent rain like a cloudburst, with some hail,
Columns 7, 8 and 9: are for the heaviest period, a less heavy

period and the ' period of stopping of a continuous fall which,
at times, took the form of a cloudburst.

Source: modified from P. Lenard, quoted in Meteorological
Glossary London IMSO 3rd Edition 1939 Page 157.
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in diameter obeyed Stokes! Law for their fall velocity.
Laws (1941) and Gunn and Kinzer concluded that the change

in shape of larger drops tends to decrease theilr terminal
velocities., Air turbulence and winds also affect the ter-
minal velocity of raindrops in natural rain. A horizontal
wind increases terminal drop velocity by the reciprocal of
the cosine of the angle of inclination ¢f the rain with the
vertical (Swmith and Wischmeier 1§62). 'In a heavy, driving
rain with a 3 mm median drop size and a 30 degree angle of
inclination, the velocity would be increased 17% and the

kinetic energy would be increased by 36%,(Smith and VWischmeier

1962).

{inetic enercy of rainfall

FEvidence which links the momentum or energy of rain with its
ability to cause soil erosion is now well established even
though present methods of measuring kinetic energy of rain-
storms are not satisfactory and tend to be indirect rather than
direct. Direct measurements of kinetic energy of falling rain
have been attempted with the use of an impactometer, by a

rain driven vane or paddle wheel (Rose 1958, Hudson 1965)*

or by the use of an acoustic recorder (Kinnel 1968). lone

of these devices has proved to be successful primarily because
wind effects tend to swamp the low levels of signal picked

up by the sensors. Kowal et al (1973) describe a simple
device for analysing the energy load and intensity of rainstorms
by using an instrument which records graphically on a time
scale the amplitude of electric pulses. These originate

from the impact of raindrops on the surface of a transducer

87.
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disc by making use of the piezo-electric effect.

The size distribution of raindrops is calculated by analysing
the graphic records of pulses on the chart, from the number
and the amplitude of pulses and from the measured volume of
total rainfall., The technique provides a convenient and
relatively simple means of assessing the drop size distri-
bution of storms from which the kinetic energy or momentum

can be deduced using apparatus which is commercially available

and requires little calibration.

Smith and Wischmeier (1962) consider that the key to the
computation of kinetic energy is the intensity-~drop size
relationship, since intensities may bg secured from recording
rain-gauge records. This intensity may then be compared
with calculated kinetic energy. In Figure 9 (Page 9 )
Hudson (1971) plots the relation between kinetic energy‘and
intensity of rainfall from studies by various workers in
different countries, An energy equation was derived by
Wischmeier and Smith (1958) from published data on drop
veloeity by Gunn and Kinzer (1949) and by Laws (1940) and

on drop size distribution by Laws and Parsons (1943). The
equation is EK = 916 + 331 Loglol, in which EK is kinetic
energy in foot tons per acre inch of rain, and I is intensity
in inches per hour (joules per square metre of ground per mm

of rain expressed in S.I. unitg.

Raindrop impact and snlash

The principal effect of raindrop impact on an exposed soil
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surface is the detachment of soil particles, thus making

them available for transportation by surface run-off. Rain-
drop impact and splash causes the dispersion of soil particles.
The degree of dispersion depends upon the detachability of

the soil and the detaching capacity of the rain. Ellison
(l9h7) considered that the soil properties which affected

soil detachment may wvary with (a) the cohesive properties

of the soil (b) shape of particles that may affect their
interlocking (c) the distribution of particle sizes that

affect their interlocking (d) sizes of particles as this nay
affect the smoothness of the surface that is exposed (e) chemical
properties of the soil (f) biological conditioning of the soil
and (g) physical condition of the soil. Other experiments
showed that detachment of the same soil varied with its
structural condition and that pulverizing a soil (by forcing
tilths for example) greatly increased its susceptibility

to raindrop action (Woodburn 1948). These soil properties

are dealt with more fully in section 4.3.2.

Ellison (1944) established splash erosion as the initial
phase of the water erosion process and demonstrated 'that in
addition to the soil moved down slope by flowing water some
soil is carried down-hill by splash from raindrops'. By
measuring rain splash effects direct from splash cups, thus
reducing the effects éf run-off, Ellison showed that 75% of
soil splash on a 10% slope moved down slope and only 257
moved upslope. lle recorded an increase in the quantity

of splashed soil as drop size, drop velocity and rain int?n—

sity increased. Sand particles 1 - 2 mm in size were

splashed by the larger drops and there was an apparent down-



slope movement of particles as large as & mm. Fltern and
Muckenhirn (1947) found that on a similar slope (107)) that

a 60% down slope and a 409 up slope movement of soil material
took place. Cne explanation for the differential movement
by vertical raindrops striking the soil surface is that down
hill splash travels further before re-joining the soil surface
and the angle of impact results in a greater down slope
component (Smith and Wischmeier 1962). This effect becones
more maried on steeper slopes where appreciable movement of
soil materials can take place without run-off (Stallings
1957). In the field wind speed and turbulence will affect
the terminal velocity of raindrops and wind direction will

affect losses from slopes facing the direction of a storm.

Ekern (1953) found that fine sand (0.25 -~ 0.175 mm) allowed
optimum transport by drop impact. Larger separates under-—
went less movement because of the weight of the individual
particles and finer separates allowed the formation of a
surface seal and the accumulation of water films on the

soll surface. He found the following relation, which is

shown in Table 10:

Table 10

Lffect of particle size on transport by dron immact

Separate size Diameter limits (mm) Relative amount of
transport
S-minute interval

Coarse sand 0.84 = 0.59 30.0%

Medium sand 0.42 = 0.25 T7.2%

Fine sand 0.25 = 0.175 100,0%

Very fine sand 0.10 - 0,05 61.0%

Silt .05 = 0,002 21.0%

Source: Ekern P.C. 1953 Page 25.
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The nature of the erosive features of impacting force Lkern
delineated as followst-

Erosivity = F (precipitation intensity x time x (drop mass/drop
cross section) x drop velocityz)

This force was shown effective in the movement of fine sand
of which approximately 8‘tons per acre (3.3 tons per hectare)
would be transported by the impact of drops from a rainfall
of 4 inches (101.6 mm) per hour continuing for a 5-minute
period. This force, according to Ekern would distribute

the material over distances up to 5 ft. (1.5 metres) with

a preference for the downslope direction determined as:

Downslope % = 50 + slope %.

Splash erosion erodes the tops of the slopes owing to
differential downslope splash movement. Mihara (1952)
found that thg(height and distance of splash depends upon
the soil surface condition and the velocity of fall of the
drop. lle reported a significant increaée in splash helght
when drops fell on compacted cultivated soil (the splash
from 6 mm drops reached a distance of 59 inches) (149 cm).
Thermoisture sfatus of the soil at the commencement of a
storm is significant as Fllison reported maximum splash
occurring shortly after thé surface was wetted. The rate
of splash then decreased probably owing to an increase in
the depth of the surface film of water which tended to mask

soil particles from drop impact.

The research referred to above was based on gravimetric
measurements whereas other workers have used radioactive

methods of labelling, detection and assay as a method of
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tracing the movement of soil particles., Coutts et al (1968

a and b) used radioactive 59Fe for tracing soil particle
movement from trays and small ground plots using clay loam

and sandy loam soils. They consider that direct labelling
with 59Fe offers considerable promise for erosion studies under
natural conditions in cultivated fields. Four trays were

used for each soil, one of which was placed horizontally,

while the other three were inclined at angles of 30, 6° and
12°, The movement of labelled particles from the trays

were recorded by changes in relative total count rates and

these are recorded in Table 11,

Table 11

Estimate of the percentage retention of 59Fe on soill travs

Sandy loam Clay loam
Soil

Assay No,
Slope (°) 2 3 2 3
0 -15.2 | =38,0| + 2.6 | = 7.1
3 "1602 -45.2 + 107 + 7‘6

Sourcet Coutts et al 1968a Page 316.

These data show that there were appreciable losses of 59Fe
in all cases from the sandy loam, but that in the case of
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the clay loam losses occurred mainly under the severe con-
ditions imposed by the 12° slope. Gravimetric measurements
from splash trays (without labelled particles) showed that

in all cases for sandy loam the existence of a strong wind
bias effect was accentuated by the slope factor, whereas

it was absent with the clay loam when the rain intensity was
only 1 mm/hr. even though wind velocity was high, probably
because the rain intensity was too low. to disintegrate the
peds in the clay loam, Most deposition of splashed material
was found nearest to the tray but a small proportion was

found more than 70 cm beyond the catchment frame.

4,1,3 The effect of raindrop imnact and snlash on infiltration

Moldenhauer and Long (1964) found that the most important
factor influencing soil 1loss was the infiltration rate.
Infiltration rate has been defined by Horton (1945) as the
maximum rate at which a given soil when in a given condition
can absorb rain as it falls. Quantitatively, infiltration
rate is defined as the volume of water passing into the soil
Per unit area per unit of time. Horton has shown that
infiltration rate will decrease with rain duration in accor=-
dance with the equation: TF = Fc { (FO - Fc)e - kft. Where
Fo is the initial infiltration capacity at the beginning of
the rain which initially can be quite rapid, Fc is the final
constant infiltratior. rate which results from the combined
action of loss of structure by disintegration and dispersal
of soil aggregates. Kf is a constant which controls the

time required under given conditions for the infiltration

rate to change from the initial wvalue Fo to nearly its con-
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stant value T _. L, is dependent on the rate of energy
application to the soil surface and e = 2.71828 (the base
of Naperian logarithms). As F decreases during the rain-

storm, run-off increases.

Sor and Bertrand (1962) in a study of the effect of rainfall
energy (simulated) on permeability of soils found that the
energy of raindrops falling on a bare soil surface had the
greatest effect on the top layer (0 - 1.5 cm) and aléo caused
some decrease in the water permeability of lower layers (3 -
12 cm). They established that 30 minutes of rainfall at an
intensity of 2.8 inches per hour (71.2 mm/hr) was sufficient
to give maximum decrease in water permeability on a Russel
51lt loam soil. The greatest dispersion and compaction of
soil appeared to be in the top 1 mm, Soil was compacted but
to a lesser degree to a depth of 3.0 cm after 30 minutes of
rainfall., DBertrand and Sor (1962) reported that rainfall
impact of 71.2 mm/hr intensity caused soil particles labelled
with ’bCC to migrate to depths of up to 7.5 cm and after

40,6 mm/hr intensity, aggregate stability, specific surface,
clay and organic matter contents of the top layer (O - 1.5 cm)
were 2 to 145 lower than in the sub-layers (1.5 to 12 cm).
They also found that rainfall intensities of 2.8 and 4 inches
per hour (71.2 mm and 102 mm) produced greater changes in the
properties of the top layer and considerable changes in the
second layer (1.5 to 3 cm) of the Fox sandy loam, Russell

silt loam and Chalmers silty clay loam than did the 1.6 inches
per hour rainfall (41 mn). Tackett and Pearson (1965) recorded
surface crusts 1 -~ 3 mm thick in the Hartsells finec sandy

loam under a simulated rainfall of 50.8 mm, The surface was
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coated with a thin skin of very well orientated clay. Within
the surface 1 to 3 mm layer the coarse grains and matrix

were very closely packed with no wvisible void;fgﬁiibiting

a structure like that of a fragipan. Below the crust layer

the structure was open and porous and water permeability was

about 5 times that of the surface layer O - 5 mm,

Other factors which can affect infiltration rate include soil
molsture status prior to the onset of erosive rainfall and the
destructive effect of freeze drying on soil aggregates which
leaves a thin mantle of fine soil on the surface. This would
tend to reduce the infiltration rate of subsequent rainfall.
(ZIinman and Bisal 1973). Dixon and Peterson (1971) developed
a channel~-system concept describing the mode and intensity of
water infiltration as a function of surface roughness and open-
ness. They stressed the importance of large pores on water
movement and showed that infiltration could be increased
within a few months of no-tillage operations by undisturbed
earthworm activity. Ehlers (1975) reported that the number
and percentage volume of earthworm channels in the Ap horizon
of grey brown podzolic soil derived from loess approximately
doubled during four years of no-tillage practice (i.e. direct
drilling as opposed to conventional tillage). The maximmun
infiltration rate of conducting worm channels in the untilled
soil was computed as more than 1 mm (l litre per m2) per
minute although the volume of these channels amounted to only

0.2 volume per cent.

The effects of raindrop impact and splash on soil aggregate dis=-

persal, compaction and reduced infiltration are exacerbated by
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surface and subsurface compaction caused by heavy farm machinery.
Severe compaction can result in a reduction of the air filled
porosity value of field soils to below lO% and as a result

of excess precipitation and restricted permability it may

drop to below 5% (Soane 1970). Marked reductions in hydraulic
conductivity result from an increase of dry bullk density,

for example an increase of bulk density from 1.2 to 1.4 g/cmj
has been found to cause a ten-fold decrease in hydraulic
conductivity (Taylor and Ilenderson 1959). The presence of

a well developed plough pan is likely to act as a severe
restriction to the drainage of excess water and lead to a

rapid saturation of the Ap horizon during a prolonged storn,
with the attendant risk of increased surface run-off.

Further consideration is given to the problem of compaction

and its effects on soil loss in later chapters.

4,3 Dasic factors affectinge soil loss in the field

Four basic factors which affect soil loss in the field can
be identified; climatic factors, soil erodibility, slope

characteristics and crop and management practices.

4,3.1 Climatic factors

In the British Isles rainfall is undoubtedly the most important
single factor which affects soil loss. Freeze=-thaw action

is also significant in both the breakdown of soil clumps and
aggregates which in turn tends to increase susceptibility to
detachment by raindrop splash and wind deflation. Detached

frozen sand-sized particles and small agsregates are also
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easily transported by strong winds as are fiher fractions
which adhere to frozen snow blown off exposed fields,

Drifted snow in east Shropshire during the winter of 1962-3
contained thin bands of red sand and soil (fine to very fine)
see Figure 10 (Page 10). During a rapid thaw accompanied
by heavy rain, run-off from partially frozen ground can
cause severe erosioﬁ. This is a fairly common feature in
the wider areas of quth America and Eurcope and on occasions
has been recorded in the West Midlands after cold winters

(1962-3 anda 1979).

The increased erosiveness of wind driven rain during storms
has already been referred to and this is particularly signi-
ficant in areas of strongly undulating terrain. Wind as an

erosive agent on arable land is considered in Chapter 6.

L4L,3.1 Rainfall

The main emphasis in this section is to examine ways of
estimating erosivity from rainfall data and to consider in
general the principal characteristics of rains that affect
run-off erosion. In Chapters 7 and & estimates of actual
and potential erosivity sre evaluated from daily rainfall
records in the West Midlands and related to case studies of

soil erosion in east Shropshire.

The principal characteristics of rains tﬁat affect run-off and
erosion are considered to be intensity, duration, distribution
of rainfall intensity throughout a storm, frequency of occur-

rence, seasonal distribution and areal distribution. The
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potential ability of rain to cause erosion is referred to
as erosivity, and is a function of the physical characteris-

tics of rainfall discussed in Section 4.1.

Data from a wide array of field plot studies in the U.S.A.

is summarised by Wischmeier et al (1958). These data show
that soil loss was poorly correlated with rainfall amount even
for specific storms, and correlation of soil loss with maximum
5 15 or 30 minute intensities was also generally poor.
However, the authors did find a good correlation with maxirum
30-minute intensity on steep slopes or sandy loam and these
findings have been authenticated by plot studies in east
Shropshire (see Chapter 9). Wischmeier (1959) found that

the factor most closely related to erosion was the kinetic
energy of the rain. Further multivariate analysis of field
plot data in the U.S.,A. led to the adoption of a compound
parameter called the LI index which most satisfactorily

30

explained soil loss in terms of rainfall. The EI30 index

is the product of kinetic energy E and intensity I, where I30
is the greatest average intensity in any 30 minute period
during a storm. The value of this compound parameter is
that it can be computed from autographic raingauge charts

by isolating the greatest amount of rain which falls in any
30-minute period, and then doubling this amount to get the

same dimensions as intensity in mm per hour.

The EIBO index evaluates the interacting effect of total storm
energy and maximum sustained intensity. Smith and Wischmeier

(1962) concludec that the erosive potential of a rainstorm is
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primarily a function of the interacting effects of drop
velocity, rain amount and maximum sustained intensity. The
authors found that for prediction of losses from specific storms,

precision was improved by combining with the EI index, the

30

parameters:s rainfall energy, an antecedent moisture index,

and antecedent energy since cultivation (Wischmeier and

Smith 1958).

Hudson (1971) developed the concept of the threshold value
of intensity at which rain becomes erosive, Experimental
work showed that there is a threshold level of intensity,
though variable from cne storm to another, a;d erosion is
almost entirely caused by rain falling at intensities above
this critical level. IIudson found that the value in Africa
was about 25 mm per hour and this was presented in the KE 25
index. The amount of rainfall in each class of intensity

is multiplied by the appropriate energy value, and the energy

~
is totalled for the whole storm in Jjoules/m“.

{forgan (1977) uses the index XE 10 defined as the total kinetic
energy of all rains falling at intensities of 10 mm/hr or
greater for at least 10 minutes. The index is similar in
principle to the KE 25 used by Iudson (1971) and employs the

same relationship between kinetic energy and rainfall intensity.

Migh intensity rainfall is associated with storms of varying
severity and duration. Bleasdale (1963) considers that
exceptionally heavy rainfalls are predominantly a winter
phenomenon in the high rainfall areas, whilst they are

overwvhelmingly a summer phenomenon in areas of lower rainfall,
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with a definite bias towards the three months, July to September.,
The causes of severe storms in this country from May to
September are considered by Crossley and Lofthouse (1964)

to be: dinstability through a deep layer of the atmosphere
associated with surface heating; with slow moving cold fronts
or troughs or with low pressure over the Bay of Discay or
rorthern France. The authors consider that all these situa-
tions favour thes outbreak of storms most frequently over

central, eastern and southern IEngland and these are usually

associated with heavy falls of rain.

Reynolds (1978) divides individual storms into two groups:
short duration convective storms with a typical duration of
1-2 hours; and storms usually caused by groups' ol thundér-
storm cells with durations of 24 to 48 hours. The location
of the first group occurring this century with rainfall
greater than 100 mm are all south of a line Jjoining Angiesey
‘to Newcastle and all the storms pldtted occurred between

May and October. | The locations of daily rainfail observa-
tions greater than 175 mm shows a high concentration in or
close to high mountains, and in south-west England or Wales
with only a small percentage occurring in eastern England,
Jackson (1974) catalogues 50 of the largest 2-hour falls of
rain measured in the DBritish Isles this century. The falls
range from 155 mm at Hewenden Reservoir, near Dradford (11.6.1956)
with an average rate 77.5 mm/hr for 2 hours, to 85 mm at
Ipswich, Suffolk cn 1lst July 1902 with an average rate of
La.5 mm/hr for 2 hours, Many of these falls have a long

return period and may only affect a small area.
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However, Bleasdale (1974) describes 3 major rainfall events
over very big areas in different parts of Britain during
1968 (end of March to mid-September) with exceptionally large

one day or two=day falls and these are reproduced in Table 12,

Table 12

Major rainfall events of 1968

Event| Date and Location Largest |[Lstimated areas
Duration measured| (}m“) with falls
fall mn |exceeding
selected
thresholds
150mm{100mmn |7 5nm
1 26-27/3/68 D2 West and N | 250 6300 [12500((2)
Scotland
2 10/7/68 D1 Devon to 170 83 | 2250}11500
south and
central
Lincolnshire
3 14-15/9/68 South~-east | 200 575 | 6250}12500
1D2 DC England

Note Duration D, is one rainfalil day, D2 two rainfall days,
and DC largely within one civil day.

Source: Bleasdale (1974) Page 224,

Lamb (1978) draws our attention to the fact that when due
congideration is given to the relatively small area of our

land surface which is covered by rain gauges, it seems probable
that our sampling of the greatest downpours of rain is inade=-
quate, HHe considers that convergent air motions and great
vertical (upward and downward) velocities in funnel clouds

can concentrate the water content from great wvolumes c¢f air

and occasionally precipitate them on areas .a few tens of metres

wide and long, 101,



a few tens of metres wide and up to a fow hundred metres
long., Cloud bursts resenbling this type have been recorded

in east Shropshire and have caused spectacular soil erosion.

Soil erosion monitoring in the West Midlands (1967-1979)

has shown that erosion occurs at levels of intensity and
duration much less than those quoted above. Rainfalls of

10 mm or more within a 2A4-hour period are sufficient to
initiate erosion on exposed, compacted sandy soils. WVhen
estimating the erosivity of local rainfall it is also necessary
to examine the cumaulative effect of a number of days of rain
and this has been done for selected stations in east Shropshire
using the pentad system of subdividing the year into 73 five-day
periods or pentads. In this respect pentads exceeding 30 mm
of rainfall have been identified with erosive episodes during
periods of the year when soils are in a susceptible fallow
state, Soil erosion monitoring also makes it clear that

vhen estimating rainfall erosivity the parameter should not

be considered in isolation but in conjunction with soil

erodibility and management practices.

4,3.2 So0il erodibility

Field observations indicate that some soils erode more readily
than others even when rainfall, slope, crop cover and manage-
ment practices are the same, This difference is referred

to as so0il erodibility and is a function of the soil properties.
he properties that influence soil erodibility by water are

(a) those that affect the infiltration rate, permeability

and water holding capacity, and (D) those that resist the
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dispersion, splashing, abra sicn and transporting forces
of rainfall and run-~off, Hudson (1971) considers that

erodibility is influenced more by management than by any
other factors and this consideration is examined in more

detail in Section 4.3.%4,

Soil erodibility may be assessed either by actual measure-
ments of soil loss under controlled conditions afforded by
measured plots or by the isolation of particular soil pro-
perties as indices of erodibility. Bryan (1968 ) reviews

the developnient and use of indices of soil crodibility during
the period 1938-1968 and concludes that no erodibility index
can be regarded as efficient for universal use in the absence
of plot run-off data. Wisclhineier andé lannering (1969)
examined the physical and chemical properties which influence
soil infiltration capacity and detachability in a 5-year
field, laboratory, and statistical study, including 55
selected Corn Delt soils. Properties that contributed signi-
ficantly to soil-loss variance included percentages of sand,
silt, clay and organic matter; pll, structure and bull density
of plough layer and subsoil, steepness and concavity or con-
vexity of slope, pore space filled by air, residual effects

of leys, aggregation, parent material and various interactions

of these wvariables.

h,n

o 2

.1 Telation of erodibility to soil texture, soil a~rre-

rates and orzanic matter

It is generally accepted that soils high in silt, low in clay
and low in organic matter (<2%) are the most erodible. In
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most cases a decrease in silt fraction of a soil type renders

it less =rodible regardless of whether the corresponding

increase 1s in the sand fraction or the clay fraction

Wischmeier et al (1971) found that the ability of these paraneters
to predict erodibility (singly or in combination) was disap-
pointing in all preliminary analyses until the silt grade was
redefined to include very fine sand and the sand grade defined

as particles from 0,10 to 2,0 mm and this improved the pre-

diction values of the two parameters considerably.

Barnett et al (1965) in a study of soil erodibility factors
for selected soils in Georgia and South Carolina found soil
texture to be more important in the determiﬁation of soil
erodibility than was considered in the original estimate of
K-factor values (in the universal soil loss equation referred
to in Section 1.3 Page 21 ). The relationship of texture to
increasing erosion per EI unit (XK factor) was from sand to
loamy sand to sandy loam to sandy clay loam to silt loam.
Cne particular soil, the Iredell sandy clay loam was con-
sidered to be very erodible. As clay content increased and
the sand fraction became coarser erodibility increased.
Erodibility increased as surface texture became coarser,
particularly where stones were present in large numbers.

The presence of gravel* is considered to afford protection
from raindrop impact but causes increased run-off because

of the decreased surface available for infiltration. This

*This is corroborated for stony scils in east Shropshire
but only where the soil surface has been compacted thus
reducing infiltration between the stones.
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increased microchannel flow and attendant increases in
erosional energy resulted in higher erosion losses, The
erodibility of Iredell soils was attributed to the ease with
which soil aggregates dispersed and the density and impermea=~

bility of the aggregates to water.

It is considered by a number of workers that the most signi-
ficant sqil property in determining erodibllity is the quantity
of water stable aggregates. Bryan (1974) maintains that

' this far outways the importance of any particle size range
except on extremely poorly aggregated sandy soils. he main
mechanism of aggregate breakdown on hydration is considered

to be slaliing rather than differential swelling and therefore
clay mineral type is not considered as an important control

of erodibility, although mont morillonite content can influence
infiltration capacity (Bryan 1974). Agocregate formation

is the result of the interactions between different soil
components such as mineral soil particles, organic matter,
chemical soil components and water. Other factors such as
vegetation, micro-organisms, earthworms, climate and culti-
vation methods also play an important part in the aggregation
process (larris et al 1966). The role of organic matter is
particularly important as it serves as a granulating agent in
soils for together with clay, organic colloids are responsible
for the major portion of soil.aggregation. Bavé%z£3%2) found

a very high correlation existing between organic matter and
aggregation in soils containing less than 25% clay. Daniel

et al (1938) found colloidal organic mabtter nore effecti;e
than clay in causing the formation of stable aggregates with

sand. Wischmeier et al (1971) consider that overall, organic
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matter content ranked next to particle size distribution

as an indicator of erodibility, The rainfall energy needed
to start run-off and the final infiltration rates increased
directly with organic-matter increases, while scil content

of the run-off was inversely  related to organic-matter

content.

4,3.2.2 The effect of induced soil compaction and bul¥% density

of the nlourh laver on erodibility

When a load or pressure is applied to a soil surface by tlhe
passage of vehicles and machinery an increase in bulk density
and shear strength will result, together with reduced porosity,
air and water permeability. The changes brought about in

a soil through applied ground pressure depend on both the
strength characteristics of the soil and the nature of the
applied load, Soil strength will depend on the soil moisture
content, the degree of compaction and aggregation, the texture

and the presence of roots and organic matter (Soane 1970).

The distribution of particle and aggregate size has been shown
to kave a marked influence on compactability of mineral soils,.
The plough layer of agricultural soils usually shows marked
aggregation, The content of organic matter present also
influences soil compactability, and field evidence suggests
that the reduction in the content of organic matter in arable
soils may be a major influence in the detériorétion of soilu

structure and leads to increased problems of soil compaction.
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Soil strength usually varies greatly with depth depending upon
previous management and on the distribution of moisture con-
tent (Soane 1970). When a wet soft surface layer of a
recently tilled or rotovated scil overlies a drier compact
subsoil, so0il strength increases with depth. The passage

of heavily laden wheels over such a soil will result in con-
siderable wheel sinkage¥. The degree of sinkage will depend
on the inflation pressure and the type and dimensions of

the tyre (Soane 1970). See Figure 11 (Page 1l1).

Tyres which are inflated to high pressures behave as if they
were rigid when moving over soils of low strength whereas
low-pressure tyres may deflect appreciably under all con-
ditions, On soils of high strength the lug pattern on
tractor drive wheels can be the only part of the tyre in
contact'with the soil whereas on soil of low strength a
considerable proportion of the area between the lugs may be
in contact with the soil, Field observations of sloping
sites where arable soils have been eroded reveal the impor-
taﬁca of the above data in assessing the causal factors of
erosion, Four main contributing factors can be identified
assoclated with the passage of tractor wheelings; sinkage
or depth of track, width of track, the pattern of lug impres-
sions and the angle of cultivation lines relative to field
slope. It can be seen from Figure 11 (Pagell ) that

the contact area on a wet soil is nearly 2% times as great

* Sinkage: a term used in agricultural engineering to des-
cribe wheel compression of the soil (ground pressure) which
is conditioned by soil type, moisture content, wheel size,
pressure and load.
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for the same tyre pressure on a hard dry soil, the depth

and width of track shows a marked increase on a wet soil,
The compaction effects can be readily traced to the depth of
ploughing even though subsequent tillage operations after
seeding may obliterate wheel track evidence on the surface
of the field, It is estimated that some 90% of the total
area of a field may be affected by tractor wheelings made
during the preparation of a cereal seedbed (Soane 1970).

The effects of these tracks or wheelings in channelling
run-off on sloping sites is discussed with examples in

Chapter 5.

4L.,3.3 Slope characteristics

Slope characteristics are important in determining the amount
of run-off and erosion from field surfaces. The slope
characteristics which influence soil loss are degree of

slope, slope length, curvature and to a lesser extent, slope
aspect, though locally this can be very important. As
gradient has a marked effecf on mechanised farming, considera-
tion is given here to slopes which are classified as gently
sloping (0-3°) to moderately steeply sloping (11-15°) as
ploughing (in arable enterprises) of slopes greater than 15o

is uncommon.

When considering the effect of slope characteristics on soil

loss it 1s necessary to evaluate the influence of changes

in field layout and cultivation practices as these can modify
or increase the effect of slope and consequently increase or

decrease the risk of run-off and erosion.



In laadscapes with long established agriculture the length

of natural slopes has usually been sub-divided by field
boundaries, In the post-war period the rapid increase in
mechanisation has created the neced for larger field units and
field amalgamation has resulted in enlarged fields with

longer slopes and increased exposure. In undulating terrain
the incorporation of several fields into one large unit

often means slopes of different degree, length and aspect

have to be managed as one unit and even with the best manage-
ment practices, up and down slope cultivation invariably affects
some part of the unit. Other significant factors include the
extent of surface and sub=-surface compaction along a field
slope, the relative surface roughness and the amount of cover,

if any, afforded to the soil during erosive rains,

4.3.3.1  Slope desree

Zingg (1940) made the first comprehensive study of the effect
of slope on soil loss. Using data from a number of soil
conservation experimental stations he concluded that erosion
varied as XC = 0.6531'&9 where XC is the total soil loss and
S is the land slope in per cent. IIe found that doubling

the degree of slope increased the total soil loss 2.8times,
lHe demonstrated that although the total run-off increased
with the degree of slope, the effect of slope on run=-off

was not as great as on erosion, Run-off was found to increase
significantly with increase in degree of slope even on soils
which were of different texture and this was substantiated
by other workers. Duley and llays (1932) found that a silty

clay loam gave a greater erosion loss on flatter slopes while
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a sandy soil eroded more on steeper slopes. Soils subject
to surface sealing tended to increase the effect of slope
on run-~off, This is borne out by field observations of

s0il erosion in the West Midlands.

Smith and Vischmeier (1957) evaluated the slope-~soil loss
relationship on the basis of plot data under natural rainfall
collected by several investigators and the combined data

gave a very good least square fit to the equation

A =0.,43 + 0,303 + 0.04332 where A is the soil loss in tons
per acre, and 5 the slope por cent. The curve from this

equation matches that obtained with Zingg's equation.

The slope classes referred to in this text are those used
by the Soil Survey of England and Wales (1976) .

0 - 30 Gently sloping

3 = 7o lloderately sloping

7 = 117 Strongly sloping

11 - 150 lloderately steeply sloping

15 -~ 250 Steeply sloping
)
257+ Very steeply sloping

4.,2,3.2 Slone len=th

Studies in the U.S.A. of the relationship of length of slope
to soil loss have demonstrated a large variation in experi-

been
mental results which have,attributed in part to different

A
interpretations of what constitutes length of slope (Smith
and Wischmeier 1957). A slope practice conference at Turdue

University in 1957 proposed a definitioca of slope length as
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follows: 'Slope lensth is the distance from the point cf

origin of overland flow to either of the following, whichever

is limiting for the major portion of the area under con-
sideration: (1) the point where the slope decreases to
the extent that deposition begins or (2) the point where
run-off water enters a well-defined channel. A channel

is defined as a part of the drainage network of a size that

is not readily obliterated by cultivation.'

It is generally accepted that soil loss per unit area increases

as the length of slope increases. This results from the

greater concentration of run-off as the slope length increases.

Zinggs (19&0) studied the effect of slope length on: soil loss

and showed that total soil loss wvaried as t@e 1.6 power of the

length, and soil loss per unit area as the 0.6 power of the
length., He found that doubling the horizontal length of
slope increased the total soil loss in run-off 3,03 times.
From a study of various types of plot data Zingg concluded
that a rational equation representing total soil loss for a
general condition could be expressed as X = CLn, in which
X is the total soil loss, C is a constant, L is the length
of slope and n is an exponent of horizontal length of land
slope with a value of 1.6, Later Musgrave (1947) proposed
0.35 as the average value for the slope length exponent for

soil loss per unit area and Smith and Wischmeier (1957)

proposed for field use the value of the length exponent should

be 0.5 - 0.1, Wischmeier and Smith (1965) use a combined
topographic factor L.S for assessing slope length (L) and
slope steepness (S) in the universal soil loss equation,

Doubling the length of slope increases soil loss approxi-
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mately 1,5 times, Doubling the steepmess increases erosion
approximately 2.5 times., The numerical value of L,.,S is the
expected ratio of soil losses from a given length and steep-
ness of slope to corresponding losses from the standard plot
(9% slope 22 m long 1.83 m wide)L.S ratio for slopes of
2-20% in steepness and from 20 to 800 feet in length are
available in charts or tables to calculate soil loss with
this formula (Wischmeier 1977) (see Figure 12 Page 12),

The L.S values derived from this graph are for uniform gradients.
For irregular slopes an adjustment must be made to the values
(provided in special tables) to allow for the effects of the
gradient changes and this is done by subdividing the slope
into a number of equal length segments (with each segment
being considered of uniform gradient) and multiplying the

L.S values by a conversion factor (see Wischmeier 1974),

4,3.4 Crop and manarement practices

From an early date the value of crop and vegetative cover in
controlling soil erosion was acknowledged. Soil conserva-
tion experimental stations in America carried out a wide
range of field plot studies to assess the effects of different
crops and cropping practices on erosion, It was observed
that soil losses were largest from plots planted to inter-
tilled crops and least from plots in grass. Soill loss from
continuous corn was shown to be 50% less than from open
fallow on the same slope and a rotation of corn, wheat and
clover was instrumental in diminishing soil losses by 86%
(Baver 9{9%% It was also demonstrated that the loss of
topsoil resulting from erosion was reflected .in a decline

from
in crop yields ..desirable levels and to minimise the risk
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of soil erosion rotations with cropping sequences spread over
three or more jyears together with suitable soil conserva-
tion practices were the considered goal, In the U.S.A.

5011l conservation experimental stations produced a wealth

of data on the effects of crop management on soil loss,
Wischmeier (1960) has proposed ratio;*for a comprehensive
range of cropping systems in the U.S.A. which vary with

the growth stage of the crop and are used to evaluate the
crop~management factor C in the Universal Soil Loss equation.
The total influence of factor C has been sub-divided by
Wischmeier (197h) into three distinctive types of effects:
canopy, mulch and residual effects of long-~term land use,

Of these, surface mulches are most effective in dissipating
raindrop impact and have the added advantage of reducing .
surface run~off and sealing. The effectiveness of crop
canopy in dissipating raindrop impact is influenced by its
density and elevation above ground. Crops in an early stage
of growth usually afford little protection to the soil.
Closely spaced row crops like grains afford more protection
at early stages of growth than sugar beet. The effectiveness
of crop cover is reduced on steep slopes when rain is driven
obliquely by strong winds. The overall erosion-~reducing
effectiveness of a crop deperds largely on how much of the
erosive rain occurs during those periods when the crop or
management practice provides the least protection, The
residual effects of long-term land-use will differ depending
upon the cropping and management practices., Continuous
arable cultivation will tend to depress soil organic levels

which in turn heighten the risk of soll erosion on some soils,
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Continuous corn growing with cultivation parallel to slope
can lead to serious soil erosion, with a reducti&n of soil
depth and a decline in crop yields, Therefore, past land
use practices have to be assessed when considering soil
conservation measures. An extensive programme of soil
conservation was introduced in the U.S.,A, during the late
1930's and 1940's with the widespread adoption of contour
tillage, contour strip cropping, terracing, listing and -
mulching practices, S0il erosion hazard was reduced
significantly though economic pressures in the last two
decades have led to shortening of rotations and an lncrease

in continuous cropping with renewed erosion.

A system of crop production which provides for the continuous
use of a mulch blanket of crop residues to protect the soil,
the 'no-till! system, exhibits the potential for becoming

the most significant single conservation measure yet developed
to control erosion and sedimentation (Gard and McKibben 1973).
Land which was previously considered as usable only for pasture
because of wind or water erosion hazards can now be utilized
for more profitable row crops using the 'no-till' method,
McClure et al (1968) show in Table 3 Chapter 1 (Page 27)

the potential increase in land use which can be achieved through
the use of no-tillage cropping practices. TMurther considera-

tion is given to this system in Chapter 10,

4,h  Summary

l. The mechanics of rainfall erosion have been outlined in
the chapter under the headings of raindrop characteristics,

raindrop impact and splash, and the effects of raindrop
11h4,



impact and splash on infiltration.

2. The main physical properties of rainfall are identified

as raindrop size, size distribution, shape; velocity and
direction and from these variables the kinetic energy of a
storm can be determined., = Using the drop size distributions

of rainfall determined by Laws and Parsons (1943) and ter-
minal velocities for various drop sizes of rainfall, Wischmeier.
and Smith (1958) derived a rainfall energy equation which
together with the maximum 30 minute storm irntensity I30

forms the basis of the E.I variable which is a key component

of the Universal Soil Loss‘equatibn.

3. Hudson (1971) developed the concept of the threshold
value of intensity at which rain becomes erosive and found
that the value in Africa was about 25 mm per hour (KE 25).
Morgan (1977) uses KE 10, an index similar in principle to
Iludson's, The LKE 10 index is defined as the total kinetic
energy of all rains falling at intemnsities of 10 mm/hr or
greater for at least 10 minutes - a much more realistic

figure for the United Kingdom.

L, The principal charazteristics of rains that effect erosion
are considered to be intensity, duration, distribution of
rainfall intensity throughout a storm, frequency of occurrence,
seasonal distribution and areal distribution. Bleasdale (1963)
considefs that exceptionaliy heavy rainfalls are predominantly
a winter phenomenon in the high rainfall areas of the U.L.,,
whilst they are overwhelmingly a summer phenomenon in areas
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of lower rainfall with a definite bias towards the three

months July to September,

5 The location of short duration convective storms (1—2
hours duration) occurring this century in the U.K. with
rainfall 2100 mm are reported by Reynolds (1978) as being all
south of a line Jjoining Anglesey to Newcastle and occurred

between May and Cctober.

6. Raindrop impact is the main source of energy for detaching
soil from unprctected arable land and it also plays an impor=-
tant, though contested role in sediment transport by producing
turbulent flow in thin films of surface water, Evidence
indicates (Ellison 1947), v.lviihara (1952), Mosley (1974),
Mutchler et al (1975) that raindrop impact is most erosive
where a very fhin layer of water is present and is relatively
non-erosive where still water covers the soil to a depth of

three drop diameters or more (Mutchler et al 1975).

7« The impacting force of raindrops during intense rains
causes the breakup and dispersion of soil aggregates and
consolidation of surface particles to form a seal or crust,
The disintegration of soil aggregates is referred to in the
United Kingdom by the general term, 1os$ of structure, and

surface sealing as capping.

8. Moldenhauer et al (1964) found that the most important
factor influencing soil loss was the infiltration rate.

Sor and Bertrand (1962) reperted that raindrop impact on a
bare soil surface had the greatest effect on the top layer
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(0-1.5 cm) and also caused some decrease in the water permea~
bility of lower levels (3-12 cm). These processes lead

to the natural compaction of exposed surface soils and their
effects on soil loss are influenced by three important basic
factors: soil erodibility, slope characteristics and crop

and management practices.,

9. It is generally accepted that soils high in silt, low in
clay and organic matter are the most erodible, Bryan (1974)
considers that the most significant soil property in determine-
ing erodibility is the quantity of water stable aggregates

and that this outweighs the importance of any textural separate
(except for very poorly aggregated soils). Wischmeler ot

al (1971) ranked organic matter content next to particle

size distribution as an indicator of erodibility.

10. These parameters are important when assessing the effects
of soilycompaction induced by farm vehicles and machinery,

The passage of heavy equip ment causes an increase in bulk
density and shear strength together with reduced porosity,

alr and water permeability. Induced compaction of surface
and sub=-surface soil with its adverse effect on infiltration

now ranks high as a major causal factor of erosion on arable

land,

11l. These adverse effects are heightened on sloping arable
land, Slope characteristics which are important in influencing
soil erosion losses are slope gradient, slope length, curvature
and aspect, Duley and llays (1932) found that soils subject to
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surface sealing tended to increase the effect of slope on
run-off, Soils severely compacted by farm traffic show

similar relationships.

12, Hudson (1971) considers that erodibility is influenced
more by management than by any other factors, The influence
of crop and management practices on soii erosion is complex
and has been intensively studied in the United States,
Wischmeier (1960) has proposed ratios for a comprehensive
range of cropping systems which vary with the growth stage

of the crop and are used to evaluate the crop-management

factor C in the universal soil loss eqguation,

13, Rescarch by State and Federal agencies into the causes
of soll erosion in the U,5.A. led to the adoption of a com=
prehensive range of conservation measures, such as contour
and terrace cultivation to offset the worst effects of slope
on run-off, Wischmeier (1974) found surface mulches the
most effective in dissipating raindrop impact, decreasing

surface run-off and surface sealing.

14, An advanced form of minimum cultivation referred to as
the no-till system is regarded by Gard and lcKibben (1973)
and others as having the potential for becoming the most
significant single conservation measure yet developed to
control erosion and sedimentation. Research has shown that
the adoption of the no~till system (referred to as direct
drilling in the U,K.,) has not only markedly reduced soil
loss from row cropping but has enabled land which, hitherto
has had restricted cropping because of erosion hazard, to

be brought into more profitable grain production.
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Chapter 5

A study of the »nrincipal factors which influence the develop=—

ment of concentrated and unconcentrated surface run~off on

arabkle soils in the United Kinc~dom and their identification

and classification in the field

5 Introduction.
5¢1 Unconcentrated run-off.
5el Concentrated run-off 1l: rills,

5¢2¢1 Confined rill erosion.

5e¢2¢2 Unconfined rill erosion.

53 Concentrated run-off 2: gully erosion,

5¢3«1 Confined forms of gully erosion.

54342 Unconfined forms of gully erosion,

5el Depositional sequences.,

545 Classification of erosional forms by concentrated

and unconcentrated surface run-off on arable land,

5.6 Summary.,
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Chapter 5

A study of the princinal factors which influence the development

of unconcentrated and concentrated surface run-off (rills and

gpllies) on arable soils in the United HKingdom and their

identification and classification in the field

5 Introduction

In general terms rain which falls at a rate greater than the
infiltration capacity of the soil is considered to be poten-
tially. erosive, particularly on sloping sites,  The infil-
tration rate of an arable soil is influenced bf a number of
factors referred to in the previous chapter which include
soil texture, slope characteristics, degree of surface and
sub=-surface compaction, the amount of cover afforded by

crops and crop residues, antecedent moisture and methods of

cultivation,

The object of this chapter is to examine soil detachment by
run-off and transport by run-off as separate but interrelated
phases of the process of soil erosion by water. Soil detach-
ment and transport by run-off may take place as unconcentrated
low-energy surface flow often referred to as sheet erosion,

or by concentrated high energy flow in rill and gully systems,
The transition from unconcentrated to concentrated surface
flow and the processes involved are difficult to identify

in the field and are the subject of controversy.

As arable fields are affected in varying degrees by tractor
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wvheelings and implement markings, rainfall run—offkrarely
affects a soil surface devoid of some measure of compaction
and this affects the surface expression of erosion, Two
forms of rill erosion are described here as confined and
unconfined forms, The former develops in ready made channels
formed principally by tractor wheels and to a lesser degree

in implement wheelings and furrows, The erosional and
depositional sequence remains essentially in the confines

of the wheeling or furrow. The latter, as the term suggests,

develops random channels unhindered by wheelings and tillage

lines,

5.1 Unconcentrated surface run-off

Cnce soil particles are detached by the process of splash
erosion they beccme available for transport by unconcentrated
and concentrated run-off, Many writers describe unconcentra-
ted run-off as sheet erosion which Baur (1952) defined 'as
the removal of a fairly uniform layer of soil material from
the land surface by the action of rainfall and run-off.!
Other writers doubt the validity of the sheet flow concept.
Splash erosion is the only process which can detach a fairly
uniform layer of soil and soil loss only occurs from a parti-~
cular area where a slope factor is present. When rainfall
2xceeds the infiltration rate of the soil, on sloping ground
detached particles are removed by surface flow., The nature
of this flow is complex and a problem arises when attempts
are made to describe and identify each stage of this process

in the field. When raindrop impact and splash detach soil
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particles, which in turn choke the natural through pathways
in the soil for percolating water, the infiltration rate
slows and if the supply rate of rainfall continues to exceed
the infiltration capacity of the soil, films of water begin
to accumulate in small depressions or detention hollows,

When overtopping takes place between hollows films of low
energy water will begin to flow on sloping ground, Mutchler
and Young (1975) found that the horizontal velocities of
flowing water under impacting raindrops greatly increased

the potential of this surface flow to transport detached soil
particles and aggregates. Bryan (1977) considers that a
particularly critical control of splash entrainment is the
depth of the surface water layer in relation to raindrop
_size and quotes studies by Mihara (1952) and Palmer (1963)
which show that splash entralnment increases with the depth
of water up to a critical depth., tutchler (1971) considers
the critical depth to be approximately one~fifth to one-third
drop diameter when raindrop impact is the most erosive, and
is relatively non-erosive when the soil is covered with a
water depth of three drop diameters or greater, Ile contends
that the major portion of splash originates from surface
water and this provides the potential to transport suspended
soll by splash action alone though the particle sizes are
limited by the small size of the splashed droplets (Ibid).
Ekern (1953) considered that an evaluation of the mechanics
and the efficiency of the combined force of drop impact into
shallow flows of water would bring to light the nature of

the 'sheet' erosion process,

It is evident that despite extensive research the precise

nature of soil detachment, surface sealing and unconcentrated
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flow in the field are imperfectly understood, Laboratory
studies using simulated rainfall and small plots of disturbed
soil tend to magnify micro-relief problems on artificially
smoothed surfaces and underestimate or mask the effect of
surface roughness, tractor wheelings and tool marks which

are encountered in the field.,

During a ten-year survey of soil erosion monitoring in east
Shropshire, run-off from arable fields and experimental plots
during storms has been observad by the writer, though sheet
flow as defined by Baur was never seen in the field. Over-
land flow has been observed on a number of occasions during
storms when the supply rate of rainfall exceeded the infil-
tration rate of the soil, The speed at which overland flow
commenced during a storm was conditioned by a complex of
factors but was well correlated with surface compaction induced
by machinery, Other factors which affect the condition of
the soil surface and affect run-off are the degree of surface
roughness including stoniness and clod size, the direction
and form of cultivation lines (wheelings and tool marks)

the moisture status at the onset of a storm, and the effect

of prior erosive rains on the state and extent of natural

soll compaction.,

In cultivated arable fields the soil surface is rarely uniform
and smooth and may contain varying amounts of stones, crop
residues as well as implement tool marks, It is, therefore,
important to recognise the more common cultivation features
which characterise arable fields as these will exert a major
influence on the form which run-off will take initially.
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Against this background two types of unconcentrated surface
flow are recognised from field observations made by the
writer, These generate from (a) discontinuous hollows when
the soil surface is in a puddled state caused by the tramp-
ling action of sheep and cattle, (b) micro-ridge and furrow
features formed during seed bed preparation, The first

type (a) is usually associated with compacted and puddled
soils, particularly where sheep have been folded in situ on
roots or beet tops, As this type of folding tends to be
essentially a winter practice, days of wet weathar and the
trampling action of a large flock of sheep quickly cause loss
of soil structure and.the surface becomes puddled and pitted
with hoof marks, These act as small detention hollows when
rainfall exceeds the infiltration rate, which at this stage
has béen found to fall to less than 15% of its normal capa~
city on a sandy loam soil (organic matter less than 2%).

Cn level sites heavy rainfall »1l mm/hr yielding 10 mm will
produce ponding., On sloping sites overtopping begins between
detention hollows and a shallow low=energy flow takes place.
This type Qf unconcentrated surface flow has been observed

on a number of occasions in east Shropshire and épproaches
closely to Baur's definition of sheet erosion, In one
example during the last moments of an intense rain shower
(yielding 5 mm in 20 minutes) the entire surface of a convex-
concave 5°‘slope (sandy loam soil) appeared shrouded in rain--
drob splash and films of muddy water flowed from the numerous
small hoof depressions, At some distance away the whole
field surface appeared to be affected by a thin sheet of
moving water, Close inspection of the surface, however,
revealed that flow was taking place mainly over the lower
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rims of shallower hollows leaving the more elevatoed rims

and small ridges of soil unaffected, The flow of muddy
water continued for two or three mlnutes after the cessation
of rain, A discontinuous veneer of fine and medium sand
was seen along the base of slope and fine sand, silt and
clay occupied hoof depressions, The amount of seaiment
transported in such events is usually small and appears to
be generated by raindrop impact and splash, Some particles
are detached by run-off where localised damming releases
more water and in places incipient rill development can be

sSeeln,

In type (b) field surfaces which have been rolled (with ribe-
rollers) or traversed with general purpose seed combine
drills exhibit a pattern of micro-ridge and furrow. In
sandy and silty textured soils low in organic matter, rain-
drop impact and splash very quickly breaks down the small
ridges and infills the furrows which in turn reduce infil-
tration, Uhere cultivation has taken place parallel to

the contour overflow may take place where parts of the

micro-ridges become flattened by splash erosion.

In the example illustrated by Figure 13 (Page 13) splash
erosion during several days of erosive rainshowers flattened
the small ridge crests and the shallow furrows became

choked with sand, During a prolonged intense rain (six
consecutive hours with a wrate of » 1 mm/hr) shallow flow

tool: place across the ridges leaving behind a severely puddled

surface vwhich sealed on drying.
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The term 'flash flooding' could be used to describe some of
the characteristics of a third type which is associated with
higher energy surface flows and has often Leen seen in fields
sown to sﬁgar beet during the early stages of growth, This
type contains elements of both (a) and (b) and is best seen
when intense rain falling from thunder showers strikes very
dry compacted ground. Run-oi'f associated with this type

of rain under these conditions can take place even on relatively
gentle slopes (2-30) and is capable of moving large quantities
of soil material,including gravel, up to 12 cm in diameter in
very broad shallow flows., In the example illustrated by
Figure 14 (Page 14) the area of damage affects only part of
the field although here all the beet plants are washed out.
Splash entrained particles are moved in low energy run-~off
along wheelings and implement lines which for much of the
field run parallel to the contour, Overflow from these
channels breaks out lower down slope as rainfall supply rate
increases significantly over infiltration and run-off reaches
a peak, At this stage velocity increases as the depth of
flow and the slope of the land increases. The abrasive
capacity of this run-off can cause considerable erosion and
entrainment, and the large base of slope fans with gravel
spreads attest to the transporting capacity of these wide

but shallow flows which resemble miniature flash-floods.

He?2 Concentrated surface run-off

Wherever surface run-off is concentrated and flows are sufficiently
intense small rills develop. In the field it is easy to

identify concentrated flow in rills but is very difficult to
observe the sequence of events in the inter~-rill areas.,
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Experiments with simulated rainfall on indoor plots which
have been referred to previously support the conclusion that
raindrop energy, rather than surface-~flow energy is the major
force initiating soil detachment on inter-rill areas, Young
and Wiersma (1973) observed that when rainfall energy was
reduced by about 89% without decreasing intensity, the reduc-
tion in amount of soil moved to rills was 91, 95 and 90%
respectively for a loam, silty loam, and a sandy loam,

Over 80% of the soil moviﬁg off this 4.5 m long plot was

transported in rills.

Mosley (1974) used fallow plots and simulated rainfall at a
constant intensity of 90 mm/hr in labbratory experimental
study of rill erosion, He found that run-off collected
almost immediately into more or less distinct flow lines which
were the locus for the later development of integrated net-
works of rill channels. For rills which had reached an
‘equilibrium! stage of development, sediment yields were
positively related to surface slope and length but were also
related to total rill channel length and drainage density.

He also found that slope shape in plan modifies soil erosion
rates by rilling with rates being generally higher on con-
vergent and lower on divergent surfaces than on plane sloping
surfaces, Variability in erosion rates was highest on con-
vergent and lowest on divergent surfaces because of the geometric
charactefistics of the rill systems, In arable fields two
forms of rill erosion are recognised by the writer as con-
fined and unconfined types., Confined rill erosion results

from the concentration of overland flow along ready made com-
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pact channels formed by agricultural machinery (see Figure 15
Page 15). " The unconfined type results from the concentration
of overland flow in small closely spaced random channels,

the development of which is not controlled or hindered by
cultivation lines (see Pigure 16 Page 16)., On strongly
sloping land both types are frequently seen affecting the

same field (see Figure 18 Page 18).

Field tillage operations leave behind ready made 'channels!
of varying depth and width as well as small, medium and

large ridge and furrow patterns. Channels made by tractor
rear wheelings in moist soils can be deep and very compact,
During heavy rain the supply rate often exceeds infiltration
rate of the soil as compaction has already radically reduced
the area of macro~-pores and fissures in the soil, A number
of illustrated examples are included which will help demon=-
strate the relationship between tillage 'channels' and stages
in the development of rills as conditioned by a range of site
variables such as slope characteristics, type and direction
of cultivation lines with respect to slope and the nature

of the storm which produced run-off, In the West Midlands
rilling was the most common form of erosion encountered on

arable fields and was predominantly of the confined type.

5.2:.1 Confined rill erosion

In the confined type, the pattern of rills which develop
depends upon the spacing of the tillage lines and tractor
wvheelings, and this in turn is conditioned by the type of
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crop being cultivated and the type of tillage equipment
being used. Although there are many different types of
machinery in use, it is nevertheless possible to identify
erosive damage which emanates from compaction caused in the
sowing and subsequent tillage of grain crops, sugar beet

and potatoes,

The speed at which rills develop and whether they remain
confined in the wheeling depends upon the interaction of a
number of general factors outlined above, In particular,
for a given set of soil and site conditions, intensity and
duration of rainfall are critical factors as these influence
the amount of detached soil available and the transporting

capacity of run-off,

Figure 19 (Page 19) shows incipient rill development along
tractor wheelings on a 5% slope and a pattern of micro-
channels which result from the passage of a ribbed roller

over the soil. The micro~channels are infilled with splashed
sand by raindrop impact and thin sheets of sand occupy small
declivities in field surface. These result from low energy
flows of run-off along the micro~furrows and from larger

flows where overtopping.has taken place along wheelings.

On gentle slopes like these raindrop impact is responsible
for{the largest amount of soil detachment which is transported
only short distances by turbulent flow in the micro-channels

and in shallow Surface flows along the tractor wheelings,

The seed drill which produced the pattern of small ridges and
furrows illustrated in Figure‘ZO(Page20 ) has left a surface
free of visible compaction yet sediment movement has taken
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place along the furrows,. Two incipient rills have formed
where run-off has partially excavated mole runs, Much of
the sediment is clean washed sand which is splashed into the
furrows from the ridges., Movement of this material in the
furrows is achieved by shallow flow energised by raindrop

impact,

A combination of factors such as changes in slope direction
(convergent and divergent slopes) and in tillage direction
tend to produce a combination of confined and unconfined

rill development as illustrated in Figures 18 and 21 (Pages 18,
In Figure 18 (Page 18) the upper slopes have rills developed
along tractor wheelings but these have been 'beheaded! by a
branching system of unconfined rills which are channelling
run~off from a much larger catchment area. Cnly the presence
of the grassed area prevents gully development where master
rills intersect, These pictures illustrate two types of

soll detachment; by raindrop impact and by scouring action

of run~off water within the rill systems., In Figure 21

(rPage 21) only the larger soil aggregates remain intact and
these are essentially rounded forming the remains of the
micro-ridges. The intervening furrows are infilled with
dispersed soil material and here the slopes are steep enough
for unconcentrated flow to take place producing fans of fine

material downslope.

Even stony soils with a high infiltration rate can erode when
steep fallow slopes are exposed to heavy rainfall as illustra~
ted by Figure 22 (Page 22). A prerequisite for erosion in

this example was the presence of tractor wheelings and tillage

lines in an up and down-hill direction. Only the relict
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features of wheelings are visible on the crest of the slope
as tillage lines have been completely obliterated by splash,
The efficiency of the largely confined rills in moving detached
soil and scouring channels can be seen from the huge fan of

sand and gravel (375m2) held up against the lower field boun=-

dary.

Initially no reason could be advanced for the apparent haphazard
development of small rills, which, at this stage were contained
within the wheel depression. Some wheelings showed deeper -
rill development than others, even on the same section of a

long straight slope. In some sets of wheelings the lug

pattern remained intact while in others it was wvirtually des-
troyed (Figure 23 Page 23 ). Closer inspection revealed that
well-developed rills were associated with tractor wheelings
moving in a down-slope direction, which left behind lug imprints
with a 'v! pattern, whereas less-developed rills were asso-
ciated with tractor wheelings moving up-slope leaving a lug

pattern in the form of an inverted 'V'! (see Figure 24 Page 24),

In the initial phase of erosion in a wheeling produced by a

tractor passing in a down-slope direction water from rain and

splash collects in the lug imprints which act as temporary
detention hollows, The left and right lug imprints are off-
set from each other to form a zig-zag pattern with each limb
of the 'V"being separated from the next by a small plug of
soll approximately 3 cm in width. This soil plug is rapidly
broken down by‘erosive rain ()J.mm/hr) through the combined

action of raindrop impact, splash, slaking action of ponded
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water and eventually by overtopping.

The erosion process in a wheeling produced by a tractor moving

in an un=slope direction shows some significant differences

in the initial stage to ones described above. The lug pattern
resembles an inverted V! (see Figure 24 Page 2&) and although
the lug imprints act as detention hollows, ini#ial storage
collects towards the side of the track and no overtopping

takes place until the lug imprint becomes full, Overtopping
is, therefore, retarded and the effects of storage water mini=-
mised as it is deflected towards the sides of the track,

The sequence of events in the erosion of tractor wheelings is
shown by a number of illustrations in Figures 25 and 26

(Pages 25, 26).

Spectacular erosion can result from closely spaced erosive
events which take place during seed bed preparation as evidenced
by Figure 27 (Page 27). Three sets of wheelings are in
evidence on this large field (15 hectares which was prepared
for winter barley in September 1976). The most prominent

set of wheelings running parallel to the main slope were made
in very moist ground and caused considerable wheel sinkage
(see Figure 28! Page 28 ). These acted as efficient channels
for run-off when storms on the 24, 25 and 26th yielded between
2.5 and 7.6 mm/hr with the total reaching 83 mm (3.26 inches)
over the 3~day period, Here (Figure 27 Page 27 ), most rill
development was largely confined to the wheelings, some of
which were widened appreciably by scour though deepening was
mainly within the Ap horizon. Where drainage from a number

of wheelings was intersected by another set (centre of picture)
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increased volume of run-off caused excessive lateral corrasion
of between 1 and 2 metres in width totally removing the Ap
horizon down to a well-developed plough pan, At this point
excavation of the plough pan and B horizon produced canyon-
like features up to half a metre deep and 20~307cm wide,

tapering to 10«15 c¢m at the base.

5e2.2 Unconfined rill erosion

In unconfined rill development the dimensions of the channels
are Fontrolled by the erodibility of the soil which they cut
into, As the flows of run-off water are usually of short
duration rill development is limited and the channels are
quickly obliterated by subsequent cultivation, or run-off

is markedly reduced at a later stage through crop interception,
In the ten-year erosion survey (Chapter 8) it was observed
that the same fields eroded every year and in some adverse
seasons two 6r even three episodes of rill erosion occurred
on the same field but not always in the same location, This
changing location will produce a more or less even lowering
of the slope as subsequent cultivation infills rill channels
from the inter-rill areas, Mosley (1974) found that sedi-
ment contribution is positively correlated with rill drain-
age density and consequently a rill catchment with a high
drainage density should have a high mean rate of soil erosion,
Morgan (1977) observes that in spite of spectacular visual
evidence, rill erosion is an insignificant contributor to

soil loss (on soils of the Cottenham series) because the

density of the rill system is too low, He considers the

possible reasons for this, compared with the situation in
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the U.S.A., may be the sandy nature of the soil, the more
moderate intensity of rainfall and the shortness of slope
available for rill development, It can be seen from
Figure 16 (Page 16) that the density of unconfined rills is
high and is developed on a short slope (100 m) in a sandy
loam soil though in this instance rainfall intensity was
relatively high-2.,7 to 7.5 mm/hr. for 10 hours, Likewise
in Figure 29 (Page 29) the slope is 108 m long and has a
well=developed unconfined rill system which cuts across culti-
vation lines which run parallel to the contour, Sediment
vield from rills in the centre of the piéture completely
obliterated a well~kept cottage garden after run-off washed

out part of the hedge,

Nearly all of the examples of unconfined rill activity which
have been observed in the field have taken place on slopes

in excess of 6°. Examples of well-developed rill systems

are usually seen on steep convex slopes which are backed by

a large catchment area beyond the crest. In many instances
run-off is delivered quickly to the crest zone via tractor

and implement channels., This type of run-off tends to produce
long straight rills without branching where convex slopses
exceed 10°,  On arable soils the question arises as to what
extent cultivation and induced compaction inhibit or influence
the development of natural or unconfined rill systems, An
example of unconfined rill development was observed on an
experimental plot which is shown in Figure 30 (Page 30 ).

The plot, which is 60 m long and 10 m wide, has an average
slope of 10° and this was rotovated a day before the outbreak

of a series of thunderstorms which yielded 83 mm at intensities
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of between 2,5 mm and 7.6 mm/hr., Prior to ploughing, the
slope had been in grass for six years and the organic matter
content was 5-6% (loss on ignition). It is important to

note that there’were no wheelings visible or apparent signs

of surface compaction though penetrometer readings (Vicksberg)
indicated the presence of a plough pan at 22 cm., -After the
storm a well-=defined pattern of long straight rills was seen
averaging 8-~13 cm deep and 9-;5 cm wide, Their position on
the slope seemed to follow closely the estimated position of
the tractor wheelings, the surface pattern of which was oblitera-
ted by the rear mounted rotovator, The main point of interest
in this example is the fact that 83 mm of rain at known inten-
sities was required to cause rill erosion on a newly-rotovated
sandy loam without any visible signs of surface soil compac=-
tion, The so0il surface which contained numerous clumps of

turf and stones would have been initially highly receptive

to rainfall,

A final example (Figure 31 Page 31) illustrates a complex
pattern of tillage marks and rill development in a field
which eroded during the same storm referred to above, Three
sets of tool marks can be identified made during the prepara-
tion for a crop of winter wheat, Small ridges and furrows
made by spring tines traverse the main slope from left to
right of the picture, A second set run from the crest line
down the steepest facet of the convex concave slope. Con=-
fined rill development has taken place along these tine=-
furrows with an unconfined pattern of rills diverging across
the steepest slope facet being deflected in places for a

short distance (towards the viewer) along tractor wheelings
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running at right angles to the other tillage lines, This
example illustrates both divergent and convergent rills and
emphasises the difficulties encountered in cultivating land

of this type with a high susceptibility to run-off erosion,

5.3 Concentrated run-off 2

Gullvy erosion

When rill channels become overdeepened to the point that they
cannot be smoothed over by normal tillage operations they are
classified as gullies*, Although gully development is the
most dramatic form of water erosion it usually affects a much
smaller total area of arable land when compared to the combined
effects of rill erosion and unconcentrated wash, On arable
soils in the United Kingdom gully development is usually short-
lived as it is often associated with one or two closely spaced
rainfall_events. Gullies which do form are rarely permitted

to develop further and are quickly backfilled as they interfere

with tillage.

Of the many examples of gully erosion on arable soils seen in
the West Midlands two particular types can be recognised and,
for convenience, classified in the same way as rill erosion,
into confined and unconfined forms. The former is usually
associated with tractor wheelings which have, or have not
been, affected by prior rill erosion (see Figures 32 and 33,

Page 32). The latter forms are those developing along the

—————

* This definition which is currently in use is revised in Section 5,5
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axis of well-defined depressions, which may or may not be
affected by induced compaction (see Figures 35 and 36, Page 34),
The development of both forms is conditioned by site charac-
teristics outlined above for rill development but with the
addition of greater concentrations of run-off water, Many

of the quoted examples of gullies were developed on sandy
soils overlying deep unconsolidated deposits. The degree

of dissection was conditioned by slope characteristics and the
volume of water reaching the wheeling either directly by
rainfall or indirectly as run-off along cultivation lines
bisected by the wheeling. In sandy or gravelly sand textured
materials, the gully form tended to be U=shaped. Gully form
tended to change to a V-shape in more coherent sandy clays,

silty clays and silty colluvium (see Figure 36 Page 34) .

593.1 Confined forms of rsully erosion

Tractor wheelings usually provide ready-made channels for
run-off which may have been affected by rill erosion prior to
gully development, Where this has happened a well=defined
efficient channel exists which can be quickly over~deepened

by storm run-off, An ideal situation for confined gully
development is illustrated by Figure 32 (Pagei32) where tractor
wheelings traverse and run parallel to a long slope (average 30)
which locally steepens along a convex-concave section (average
9°). The channels formed by wheelings are some 350 m long

and had been partially excavated by rill erosion in a previous
storm, A large number of tine~furrows linked into the
vheelings and more were added by lateral carrasion of the

channels by rill erosion to a depth of 16~18 cm which reached
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the upper surface of the plough pan, At the onset of a

further storm which followed several hours later the soil

was above field capacity and rainfall at a rate 2,7 to 7.5 mm/
hr rapidly exceeded infiltration, The run-off which ensued

cut gullies, which ranged from 1 to 1,5 m deep and 1.5 to 2 m
wide and which developed headward on the steepest section

of the slope excavating beds of rythmites and sand and gravel,
Bands of tough silty clay in the rythmites acted as knick

points until being undercut, Detalls of long profile and cross
sections of one of the largest gullies shown in Figures 33

and 34 (Pages 32, 33).

Another very large confined gully can be seen in the bottom
left-hand corner of Figure 32 (Page 32). This was over a
metre deep and 1,5 m wide and was cut into a large fan of
glacial sand, This was in turn fed by another smaller con-
fined gully higher up the field, together with numerous large
confined rills, In Figure 37 (Page 35) the transition from
confined rills to gullies is illustrated and this example
again points to the importance of tractor whéelings running
parallel or obliquely to slope direction in channelling run-
off, Here the gradient of 2-3o runs towards the observer
and the slope steepens to 90 where a small re-entrant dry
valley intersects the main field slope at right angles.,

Some indication of the density and pattern of wheelings on
this 15 hectare field can be seen on Figure 27 (Page 27 ).

The main line of confined gully development is seen Just
below the crest line on either side of the re-entrant valley,

These cut into the stony phase of the Newport series which
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is developed on terrace gravels giving well drained to
excessively well drained soils with deep profiles, By
American standards such soils are considered to be of very low
erosion rislk, However, Newport soils have inherently weak
structures and when in continuous arable cropping organlc levels
often fall below 2% and this further reduces the soils'resis=~
tance to splash erosion and surface sealing., The major con-
tributary factor here, however, is the extent of induced soil
compaction produced during seed bed preparation for winter
wheat, It is estimated that approximately 90% of the field
surface was affected by wheelings of various types. Three

sets of wheelings are identifiable on Figure 37 (Pagze3s ):

one running parallellto slope, one obliquely (top right to
bottom left) and one along the contour. Run-off from three
closely spaced storms in September 1976 at intensities of

2.5 = 7.5 mm/hr produced the following pattern of events,

The first storm produced widespread splash erosion and surface
sealing, Concentrated surface flow along wheelings caused
incipient confined rilling. In places large shallow declivities
can be seen (Figures 27 and 28 (Point A) Pages 27, 28)

where overtopping took place between wheelings and unconcentrated
flow moved run-off into obliquely orientated wheelings.

Where the slope steepened confined rills reached the upper
surface of the plough-sole and the pattern of rill development
was markedly affected at points where lines of wheelings
intersect producing both straight and branching confined

rills, The second storm emphasised this pattern on the

steeper slopes with master rills developing with incipient
gullies forming along the steepest slope segments, The

run~off of the third storm breached the well~developed plough
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sole and excavated broad flat-bottomed gullies in beds of
coarse sand, grit and gravel, Run-off from these channels
on both sides of the re-entrant concentrated in the valley
bottom and excavated two parallel gullies (2m x 1.5 m) which
developed from a set of wheelings running parallel to the

long profile of the re-entrant (see Figure 38 Page 36).

B8+3.2 Unconfined forms of rullvins erosion

This form is usually seen occupying the long axis of well-
defined depressions and small dry valleys where run-off from
adjacent slopes has concentrated. Although this form can

be easily identified in the field as it exhibits characteris-
tics which differ from the confined types, its development is
nevertheless affected by surfacé and subsurface compaction
which tends to influence gully shape. These forms tend to

be much longer and generally larger in cross section and

gully development has been seen to recur - in the same situa-
tions on a number of occasions. The example illustrated by
Figure 39 (Page:YI) contains elements of both confined (in

the upper and lower sections) and unconfined form in the
longer middle section; (Smaller gullies have been observed
here on two other occasions (see Figure 40 Page 38 ) and

parts of an older system was re~excavated during the most
recent event in September 1976). The middle section avéraged
2 m wide and 1.5 m deep over a distance of 120 m, This
unconfined section bisected 14 sets of wheelings, each
averaging 80 m long. A potentially‘much larger catchment

was beheaded by another confined gully system occupying wheel-

ings in part of a farm track,
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Softer bed rock materials like Upper and Lower Mottled Sand-
stones of the Triassic are easily eroded by superimposed
gully systems. Harder stringers of sandstone and marl bands
tend to act as nick points where encountered locally, This
is illustrated in Figure 41 (Yage 39 ) where unconfined
gullies cut across tillage lines which run parallel to con-
tour. Gullies develop headward in a flight of steps with
small plunge pools which are cut into a marked plough pan,

On the steeper slope facet (8°) the Upper Mottled Sandstone
has been eroded-to an average depth of 0,6 m (see Figure 42
Page 40 ), Three phases of development can be visualised
commencing with splash erosion which leadsto a rapid loss

of structure (loamy sand-sandy loam Dridgnorth series) and
reduction in infiltration causing ponding along wheelings

and tillage lines, Overtopping of ponded water in the wheel=-
ings would be facilitated as the small implement ridges were
broken down by splash erosion, Unconcentrated surface flow
appears to be responsible for the removal of the top L em of
soil in Figure 42 (Page 40). The local concentration of
surface wash led to the formation of a system of unconfined
rills fed by increased run-off from a large catchment above
the crestt a depression in the field area above the crest
caused a greater concentration of run-off which cut the

deeper unconfined gullies seen in the centre of Figure 41
(Fage40 ). A final example (Figure 43 Page\hl) shows
unconfined gully erosion affecting Bridgnorth and Newport
soils over a long convex-concave slope which is complicated
by the presence of small depressions just below the crest,
These acted as concentration points for initial run-off even-
tually producing a series of 1§ng shallow gullies (325 m long)
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which cut across cultivation lines running parallel to the

contour,

Each of the examples quoted has a nuimber of features in common,
In particular each field has been enlarged by hedgerow removal
which has tended to form steep convex-concave slopes to a
larger area with more gentle slopes. The net effect is to
produce longer slopes and hence a greater catchment for run-off
which tends to become concentrated at the very point where the
slope steepens and thus greatly increases the erosion poten-
tial, Soils of the Newport and Bridgnorth series have inherently
weak structures which break down easily when exposed to rain-
drop impact and splash and the tendency to surface sealing
quickly results in a marked decline in infiltration rate.

All the soils in question have a long history of arable use

and have low organic matter levels (averaging <3%). In all
cases gully development has been influencéd by the presence

of marked plough pans, Finally the rate of rainfall in

each erosion event exceeded 1 mm/hr and yielded totals of)10 mm

To conclude this section reference is made to wide trough-
like gullies largely of the unconfined type which develop
on the long axis of gentle slopes (2-30) in soils which have
been rotovated. Rotovation depth is seldom greater than

20 cm in sandy soils and this produces a very compact pan
below this depth, This is well illustrated by Figure 4k
(Page 42) which shows such a feature over 1 m in width and

20=25 cm in depth. At the 6nset of an erosive rainfall

event splash erosion causes structural breakdown and the
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infiltration rate of the soil which is already rTeduced by
induced compaction, declines further, and shallow flows of
surface wash begin to move down slope along tillage lines,
Steeper slopes (h-5°) to the left and right of the picture
channel in both concentrated and unconcentrated run-off and
rapld excavation of the main central channel is effected to
the depth of the pan. Lateral corrasion 1s responsible

for the rapid removal of the less coherent surface horizon,
Although these features are more easily eradicated by tillage
they should not be classified as rills (see below). Judging
from the huge fans of material deposited by these gullies they

are capable of generating large flows of run-off,

5,4 Denositional sequences

Depositional sequences vary from thin discontinuous spreads

of materials 2-3 ecm in thickness which amount to soil removal
of approximately 1-2 tonnes per hectare (see Figure 20 Page 20)
to huge overlapping fans aversging 20 cm in thickness (see
Figure 45 Page 43 ) and amounting to an estimated soil loss

of 156 tonnes per hectare (Qast Shropshire data). Deposition
usually occurs at points where the velocity of run-off is
reduced as for example along the base of slopes, at the mouth
of gullies, against hedgerows and fence lines or where run-off

enters temporary ponds or enters streams in flood,

The amount of material deposited is conditioned by the detacha-
bility of the soil, the amount and velocity of run-off and
the presence of ready made channels from tractor and implements

which run in the direction of slope. The elongation of
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slopes through hedgerow removal is another important influen-
tial factor. Soil materials deposited by flowing water are
graded in particle size and depositional sequences are influenced
by the textural characteristics of the soil and the nature

of the erosional processes at work, Stallings (1957) main-
tains that the amounts of fine and highly transportable

materials that are removed from a watershed area tend to be
proportional to the amount of splash erosion, This process

is more efficient in breaking up soil aggregates and releas=-

ing the highly transportable silt, clay and organic matter

than is usually achieved by the action of flowing water.

A further factor of importance is where the deposition takes
place, and the relative !'fertility'! of the overwash being
deposited. Here it is useful to distinguish between soil
movement within a field and soil loss where significant amounts
of material are transported out of the field, In general

most sites where erosion has been recorded in the West Midlands
by the writer showed that the coarser grades tended to be
deposited within the field boundary (see Figure 45 Page 43)

whereas finer grades were moved out into adjoining fields

or into the drainage system. This process is seen in action
in Figures L6-48 (Page Ly ) where run-off is continuing
after the passage of a thunderstorm. A large fan of coarse

debris was deposited and a great volume of run-off passed
through the wire mesh fence which became choked with debris
and caused temporary ponding to take place. At the time of
the photograph surface flow of 4=6 cm was seen in the deeper
braids with dissection of the larger fan, Diminished muddy

flow continued for 15 minutes after cessation of rain (see

Figure 48 Page 4i4), 144,



Unconcentrated surface wash resulting from intense thunder=-
storm rain (raha)lB mm/hr) which caused widespread ponding
against the hedgeline is well illustrated in Figure L9 (Page u5).
As the base of the hedge was below road level this facilitated
the ponding of run-off, Rapid loss of structure in the sandy
loam soil by splash erosion caused surface sealing and pond-
ing along cultivation lines which ran parallel to the contour
in the large gently sloping (3°) field of sugar beet. Over-
topping of detention water held in the tillage lines produced
unconcentrated surface flow which appears to have approached
most closely to the concept of sheet flow, In places along
natural spill-ways flow became more concentrated in broad
sheets which built out small deltas of coarser sand into the

ponded run-off (see Figure 50 Page 46).

Deposition from unconcentrated surface wash usually contains
fertile soil ingredients and as the spreads are usually thin
serious damage to emergent or young plants is rare, Where a
number of similar events have taken place in the same field,
the soil affected by this type of overwash may become more
loamy, More marked textural change may take place where
coarse sandy material excavated from C and D horizons byt
gullying is deposited in a thiék overwash as illustrated in
Figure 45(Page 43 ), Here fans of coarse debris (coarse
sand, grit and pea gravel) covered an area 5000 m> to an
average depth of 200 cm., Assuming a bulk densify of 1.3

some 1,300 tonnes of soil were deposited amounting to a loss
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of 200 tons per hectare for the 6,5 hectare field.

Turther deposition took place in an adjoining field down
slope., Here run~off depositéd large fans and built out
deltas into the flood waters of Hilton brook which received
much of the finer grades of transported sediment (see Figure 51
Page 47 ). This field hasAeroded every year since soil
erosion monitoring commenced in this area in 1967, culminat-
ing in the disastrous gully erosion in September 1976,

Since arable cropping commenced in 1942 base of slope deposi-
tion has built up against the hedge to an estimated height

of 1.5 m so that only the top of the original hedge is now
visible, Translated into annual soil loss figﬁres these
data give a crﬂde estimate of 4 cm per annum for the 37-year
period, which is an alarming, though conservative, figure

for it refers only to material retained by the hedgerow,

Other less spectacular erosion episodes have resulted in large
tonnages of soil being washed off fields into adjoining country
lanes (Figures 52 and 53, Page U48 ) and the infilling
of small ponds by deltaic growth (Figure 54 Page 49 ), On

a smaller scale confined rills running parallel to slope
direction tend to produce elongated shallow fans which coalesce
vhere the slope angle decreases. In Figure 55 (Page 50)

the estimated sediment yield is approximately 12.5 tonnes

per hectare. Run-off which moves along the ready made channels
provided by potato furrows which run parallel to slope direc-
tion (see Figure 56 Page 51 ) would appear to receive much

of the detached sediment from splash erosion from the tops

and sides of the ridges judging from the high proportion of
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silt and clay contained in the base of slope furrow infilling,
Incipient rill development can be observed and is restricted
to those furrows where wheelings have compacted the soil,

The centre furrow in Figure 56 has no rill development and
shows much less sediment accumulation, The way in which

this pattern of tractor and implement wheelings is formed

is explained in Figure 57 (Page 51).

BeBe Classification of erosional forms bv concentrated and

unconcentrated surface run-off o f arable lands a first approximation

The Sil Survey Handbook (1976) attempts a very geﬁeralised
classification of water erosion under the three headings:

1. Sheet erosion = which is described as the erosion of a
thin layer of surface soil which can include small rills,

2. Rill erosion - a rill is described as a small channel
which is completely smoothed by normal cultivation i.e,.
{35 cm deep and

3. Gully erosion - a gully is a channel too big to be smoothed
out by normal cultivation, This is a simplified version of
the more detailed classification contained in the U.S,
Department of Agriculture's Soil Survey Manual (1951).

There are a number of disadvantages in both classifications
vhich stem in part from the basic objectives of each scheme,
The approach in each caseltends to be orientated to land-use
and management problems rather than setting out to record
pedological changes, Splash erosion is not considered in
either scheme and this raises the fundamental issue of drawing

a clear distinction between soil loss and soil erosion, The
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absence of soil loss does not automatically rule out soil
erosion for the latter can be effected in situ by raindrop
splash and this process 1is very important on a wide range

of so0ils and therefore should be recorded,

The effects of raindrop splash which lead to breakdown of

soil aggregates is often referred to by the general tefm,

loss of structure, which is widely reported in Soil Survey
memoirs and records for England and Wales., Soils which are
prone to loss of structure are most likely to be affected by
overland flow during prolonged rainfalls or short duration
storms, However, overland flow may commence even during
short-lived low intensity rainfalls where the soil surface

is sevefely compacted and unprotected. Nany examples of

s0ll deposition resulting from sediment transport by low-energy
flows are referred to in literature as sheet erosion. Reference
has already been made to the controversy surrounding the use

of the term sheet erosion to describe such events and here

it is considered that unconcentrated wash offers a more accurate

and acceptable term,

Concentrated run-off in the forms of rills and gullies should
be described more precisely in both pedological and ldnd—use
managenent terms which acknowledge the varied effects of
induced soil compaction by machinery. It has been demon-
strated that the effects of induced soil compaction can

exert a marked influence on the initial dévelopment and later

stages of channel form,

In previous classifications, rills and gullies have been con-
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sidered in terms of their effect on cultivation, Channels
which can be easily smoothed out by normal cultivation are
classed as rills and channels too deep to be crossed by trac-—-
tors and implements and requiring special equipment to infil
them, are classed as gullies, Such a classification has a
number of disadvantages, The wide range of modern powerful
tractors and implements on present day farms would facilitate

the infilling of incipient gullies by 'mormal' cultivation,

A more important factor to consider is the depth of channel
development in terms of the type of materials being excavated,
In the Soil Survey of England and Wales classification the
choice of 35 cm as the depth of a rill would mean that channel
excavation could be taking place in the upper B horizon in

many mature soils. Rill depth should, therefore, be considered
in terms of the profile characteristics of the affected soil,
with particular note being taken of the depth of the Ap horizon.
The area of the Ap horizon eroded will depend upon the depth,
width and spacing of rill channels. An acceptable compromise
may be to restrict the term rill erosion in arable soils to

the Ap horizon, In the majority of examples of rill erosion
observed by the writer, channel development has been confined

to the Ap horizon, It would appear that rill channel depth
for all but high energy flows is restricted by the presence

of plough and cultivation pans, which are common features in
many arable soils, Channel development below the Ap horizon
into the B which breaches compacted layers may be referred

to as incipient gullies, Channels which breach the C horizon
and beyond (D horizon if present) would be classed as gullies,
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The terms confined and unconfined have been used to describe
both rill and gully development, This distinction has been
made to facilitate the description of the two most common
forms of channel development seen on arable land, It also

serves to emphasise the fact that a high proportion of rill

activity on arable land is generated by run~off along wheelings

and implement lines running parallel to slope. The density of

confined rills may be very high as illustrated in Figure 37
(Page 35 ). In the confinéd types of rill erosion a fairly
accurate estimate can be made of channel density and as each
rill can be regarded as a separate system some estimate can
be made of the total amount of soil eroded in each system,

An outline classification is proposed in Table 13 (Page 151)
which embodies the main observations made above, A five
point scheme is envisaged which attempts to ldentify the

main erosional forms seen on arable land, The relationship
of these forms to rainfall and site characteristics is

illustrated in a sediment model flow chart (see Table 1k

Page 152).

5,6 - Summary

A large number of carefully selected photographs have been
included in this chapter in an attempt to identify and illus-
trate the principal factors influencing the development of
concentrated and unconcentrated surface run-off on arable
s80ils in the United Kingdom, A five point classification

of erosion forms is presented. As a major part of this
research relates to sandy arable soils, the proposed classi-

fication is applicable primarily to this group of soils,



Table 13

-

Classification of erosion forms on comnacted and non-compacted

sandy arable soils by raindrop-splash and run-off

1.

2.

3.

5.

SPLASH EROSION -

UNCONCENTRATED _|

SURFACE WASH.

CONCENTRATED
SURFACE RUN-

OFF. CHANNELS —

WITHIN THE Ap
HORIZON

CONCENTRATED
SURFACE RUN-

OFF; CHANNELS ~ |

INCISING Ap
AND B
HORIZONS

CONCENTRATED
SURFACE RUN-
OFF: CHANNELS
BREACHING C
(AND D)
HORIZONS

SOIL SPLASH
STORAGE

LEVEL SITES

ELUTRIATION, VERTICAL TRANS-
LOCATION OF SILT, CLAY,
VENEERS OF CLEAN WASHED SAND,

SLOPING SITES

T SILT AND CLAY IN DETENTION |
HOLLOWS., NET DOWNWARD (SLOPE)
MOVEMENT OF SOIL PARTICLES. |

SOIL SPLASH
TRANSPORT

SOIL
DETACHMENT
AND
TRANSPORT

SOIL
DETACHMENT
AND
TRANSPORT

SOIL
DETACHMENT

| AND

TRANSPORT

OVERTOPPING OF DETENTION
///'HOLLOWS OR TILLAGE LINES
RUNNING PARALLEL TO CONTOUR.,

— SPLASHING OF SEDIMENT INTO
AND THROUGH CONFINES OF
WHEELINGS AND IMPLEMENT
FURROWS., CULTIVATION DIREC-
TION PARALLEL TO SLOPE,

1.
2.

1.

2.

1.
2,

CONFINED RILLS
UNCONFINED RILLS

CONFINED INCIPIENT
GULLIES

UNCONFINED INCIPIENT
GULLIES

CONFINED GULLIES
UNCONFINED GULLIES
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Table 14

Sediment model flow chart for compacted and non-~comnacted sandv arable scils

renerated bv raindron snlash and run—off

ELUTRTIATION AND
TRANSLOCATICN CF
FINES

LEVEL SITES

SURFACE SEALING

RAINDROP

SPLASH

NET DOWN-HILL
MOVEMENT OF SPLASHED

SLOPING SITES

SOIL SPLASH ///// A SOIL

*2qT

jad T
NON-COMPACTED TRANSPORT
SOIL SURFACE \\\ ] —
OVERTOPPING FROM DETENTION
OVERLAND UNCONCENTRATED
RATINF! : 10 vS | B IE
RATNFALL R eohom et HOLLOWS AND TILLAGE LINES
N
1

INDUCED SOIL ///' \\\ CONCENTRATED

COMPACTION BY SURFACE FLCY

MACHINERY ' )

INDUCED CCMPACTION NATURAL COMPACTION
(VERY LOW INFILTRATION - (REDUCED INFILTRATION
RATE) - RATE)

)| L
CONFINED RILLS UNCONFINED RILLS

| : I
CCNFINED GULLIES UNCONFINED GULLIES




2.However, reconnaissance surveys by the writer elsewhere

3.

in England together with data from other research workers
points to the wider applicability of this classification,
Whilst soll type and soil erodibility are still important
factors influencing soil erosion hazard, modern farming
methods in general and soil compaction in particular in the
last decade are tending to mask some of those differing soil
characteristics most notably in the way in which they affect
run-off, It is, therefore, important to take cognizance

of the fact that until there is a significant change in
arable farming methods the persistent use of up and down
slope cultivation using heavy machinery, together with other
significant changes such as field enlargement, will inevitably
lead to an increased risk of soil erosion through run-off on

a wider range of soils,

In an attempt to identify and describe the ways in which
run-off is affected by surface patterns of induced compac-
tion it has been necessary to widen and modify the accepted
three-fold classification of soil erosion by water, The
less dramatic run-off, in the form of surface wash, is here
described as unconcentrated surface wash, in preference to
the use of the disputed term sheet erosion. It is noted,
however, that in the pre-rill stage, the movement of surface
wash is, nevertheless, influenced by the presence of culti=-
vation lines and induced compaction. Such features in
general, and tractor wheelings in particular, are responsible
for the concentration of run-off during intense rains, In
recognition of this two types of rill erosion are identified
as confined and unconfined forms, The former which develops
along tillage lines running parallel or oblique to slope
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can result in the formation of a high density of rills,

The unconfined type develops a 'normal! network of rills
unimpaired by surface tillage lines, Cn steep slopes which
are backed above the crest by a large catchment a dense
network of rills can develop during one significant storm
(%20 mm). A similar sub-division of gully forms into
concentrated and unconcentrated types is adopted. In the
confined type there exists a close correlation between sur-
faceA;zgsurface induced compaction and gully shape, Whilst
it is recognised‘that soil erosion by water takes many varied
forms which makes classification difficult, one primary aim
should be to identify and describe the parts of the profile
which are being eroded. In this respect it is proposed to
limit the term rill erosion to the Ap horizon and channels
cutting the B horizon are described as incipient gullies,

4 The term gully, senso stricto, is reserved for channels
cutting the C-D horizon. This approach shifts the emphasis
in former classifications from the infilling of rills by
normal cultivation and the barrier offect of gullies to one
which concentrates on and identifies the characteristics of
the materials being excavated, transported and eventually
deposited., TFor rill development the depth of channel
formation will tend to be limited by the plough sole or
indurated layers formed by induced compaction, In the
case of gullies, vertical channel development is influenced
by the ‘depth at which coherent rock is encountered, On
~steep slopes with shallow soil profiles gully development
will tend to be inhibited more quickly than where uncoherent

materials are being excavated,



. 5.This suggested classification helps clarify the approach
to the description and recording of depositional sequences,
This is perticularly important where gully erosion excavates
sub=-soil materials of low base status which are deposited
as deep overwash on more fertile soils down slope, Depositional
sequences may take place within the field unit and this
represents a redistribution of soil materials within the
field boundaries, A net loss of soil occurs where run-off
carries eroded materials into adjacent fields or into the
drainage system, Short=-lived rain storms tend to produce
the former, whereas storms of longer duration or higher
intensity more commonly produce the latter, Whereas some
gross estimate can be made for soil materials deposited in
fans and spreads these will tend to underestimate total
erosion losses as quantities of fines and organic matter
may be removed entirely where run-off enters the drainage

system,
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Chapter 6

Analysis of the principal factors affectine the erosion of

arable s0ils by wind in the United Kingdom
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Chapter 6

Analysis of the principal factors affecting the erosion of

arable soils by wind in the United Kingdom

6.1,0 Introduction

The problem of wind erosion is uaually associated with semi arid
areas like the Great Plains of North America, the Steppes of
Western Siberia and Kazakhstan and the desert fringe of
Australia where arable agriculture and grazing have disrupted
the delicate balance between climate and vegetation, It is
surprising, therefore, that wind erosion can become a severe,
though local problem in the more humid areas of Europe,

Severe localised wind erosion has been reported in Southern
Sweden in the Vomb valley of Southern Central Scania (Anman
1975), in the Netherlands on sands and peaty podzols, Lumkes

et al (1974) and Knottnerus et al (1972), in Czechaslovakia
(Southern Moravia, Riodl (1969). In Hungary, Borsy (1975)
describes wind erosion on relict and contemporary dunes

which cover 20% of Hungary. He estimates that some 40%

of the country's cultivated area is affected by soil erosion
and 10% is threatened by wind deflation. Bodalay et al

(1976) describe wind erosion in the Bacska loess ridge where
Chernozem soils have truncated A horizons. In Poland Skrodzki
(1972) describes wind erosion in north-east Poland on podzols
and brown soils of the southern outwash plains. Reference

has already been made to wind erosion in the United Kingdom
(Chapter 3) which can be severe particularly in eastern England

and Scotland. Many of these areas are characterised by sandy
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soils derived from glacial, fluvioglacial or lacustine sedi-
ments; are on exposed terrain which is flat, undulating

or knolly, and é€xperience the seagonal occurrence of strong
erosive winds notably during springtime and early summer when
large hectarages of land are bare. Other significant factors
which increase the’risk of wind erosion are farm and field
amalgamation, cropping practices which lower soil organic
matter content and particular crops like sugar beet which

are very susceptible to wind erosion damage., All of the
above mentioned factors apply to the British Isles. In

this chapter the mechanics of wind erosion are reviewed and
the basic factors which affect soil loss in the field are
identified as wind, soil erodibility, topography and crop

and management practices. Consideration is given to the
extent to which soil erosion hazard can be reduced or elimina-

ted by erosion control practices.

6.2,0 Mechanics of wind erosion

The wind erosion system can be considered as comprising a
number of variables related to surface winds and climate,
surface materials and the condition of the field surface.,
Various attempts have been made to describe a threshold wind *
velocity at which soil grains start to be moved by the wind.

A Task Committee progress report on wind erosion and trans-
portation (1965) identified the three forces exerted on a soil
grain by a moving fluid to be impact or velocity, viscosity
and static or internal pressures, These forces may be
resolved into a drag force acting hofizoptally in the direc-

tion of the wind and a 1ift force acting vertically. The
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The drag force is visualised as being'éomposed of two parts,
one of which is referred to as form drag and results from
normal wind pressure on the grain, and the other is known

as skin friction drag and results from tangential stresses
on the grain. The vertical component of the force on the
grain is referred to as 1lift and is the reéult bf the
tangential and normal stresses applied at the grain surface.
Other influences on the initiation of movement 6f a grain
are summarised in the report as diameter, shape, immersed
density of the grain, angle of repose, closeness of packing
and impulses of wind turbulence. Wind erosion commences
when air pressure on surface soil particles overcomes the
force of gravity acting on the particles. For this to
occur, surface soil particles usually must be loose, dry and

small enough so that they become mobile in an air stream,

Chepil (1958) reports that the particles become mobile not in

relation to the actual velocity of the air stream but rather
in relation to the rate of increaseiih velocity with height,
This rate of increase in velocity is reférred to as drag

velocity. Chepil defined the drag velocity just sufficient

to cause a given particle to move as the threshold drag

velocity which he demonstrated is related to particlé diameter,

At the onset, the particles are moved through the airvwith
a bouncing motion, known as saltation. The impact of’éal-
tating particles causes further movement of soil grains as
the impact force is probably much greater than the force of
the moving air. Soil particles move by saltation, sufface

creep,* and suspension which usually operate simultaneoqsly.

* surface creep = traction load
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Chepil (1958) gives estimates for a range of soils he examined
where 50-75% of the weight of the eroded soil was carried

in saltation, 3-40% in suspension and 5-25% in surface creep.

The wind erosion process can be envisaged as having the three
distinct phases of particle detachment, particle transport
and particle deposition, The basic factors which affect
80il movement and soil loss in the field can be summarised

as wind, soil erodibility, topography and crop and management

practices, each of which will be considered.

Basic factors affecting field soil loss

6.3.0 Wind speed and direction

Surface winds which exceed approximately 3.2 km per hour are
turbulent, S0il movement is caused by turbulent flow of wind

at the surface and the minimum velocity of wind required to
initiate soil movement is known as threshold velocity.

Gféins 0.1 to 6.15 mm in diameter require é Yeiocity 6f‘12.8-
14.5 xm per hour at 15.2 cﬁ above the ground (16 km at 30.48 cm).
The threshold velocity increases with either an increase or
decrease in the size of grains from these diameters (Stallings
1957). On relict and contemporary dunes in Hungary Borsy (1975)
found that movement of sandy soil occurred at wind velocities

of 5.5-6 m/sec. (19.8-21.6 km per hour). Bakowski (1964)
reported the greatest damage to light soils in the Laskowicg_
area (Poland) occurs with dry south easterly winds of 7 m/sec.
velocity (25.2 km per hour). Dust storms in the steppes

of Western Siberia and Xezakhstan reported by Zhirkov (1964)

are associated with a wind velocity of 7-9 m/sec. (25.2-32.4 xm.
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per hour).

32 xm per hour) gusty breeze may set up soil blowing in

Sneesby (1953) considers that a 15-20 mph (24.2-

East Anglia more readily than a steady wind of 25 mph

(40.2 xm/nr).

Severe wind erosion in the West Midlands in

March 1968 was caused by northerly winds which averaged

35 km/hr with gusts up to 42 xm/hr.

Wind direction

In eastern England most of the damaging winds during the
high risk period of March to June have been from the south-
.west (sneesby, 1953,AWilkinson, 1969) .

quotes wind speeds and direction during the severe blow in

Archer and

Robinson (1968)

Lincolnshire on 15-20th March 1968 (see Table 15).

Table 15

Wind speeds in knots at 12.00 hrs on 15 to 20th March 1968

Date General RAF Kilnsea | RAF RAF
Wind Direction Manby Wittering Finninglel
15/3/68 | North-west 15 25 24 17
16 South-west 20 28 19 25
17 West 27 34 26 26
18 West’ 30 38 35 33
19 South-west 24 24 24 29
20 West 33 Ls 30 32

Sources Robinson (1968) page 356.

The weather conditions which brought about the wind erosion are
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described by Robinson (Ibid) as being caused by a series

of vigorous troughs of low pressure, associated with depres-
sions mainly to the north of Scotland moving eastwards across
the British Isles giving rise to westerly gales in many areas.
Records of dust storms sighted at the weather station at
Mildenhall in west Suffolk (1935-1953) show that soil blowing
has taken place predominantly in late March and in April on
fifteen out of the recorded sixteen occasions, Sneesby
(1953):fgtbinson (1968) consider that the most damaging winds

in Lincdlnshire appear to blow from a westerly direction,

mainl& south west, although erosion can be caused by easterly

winds,

In the West Nidlands erosion has been recorded associated
with strong winds from the west, north and occasionally

east, Short-lived blows have occurred during squally north-
westerly and south-westerly winds., In the east Midlands and
Fens although some erosion occurs in most years, severe
damage can be expected on average once every five years,

2
(Robson and George 1971, Seale 1975,A£eeve 1976).

6,3.1 Soil erodibility

Soil and surface conditions relating to erodibility include
texture (particle size and density), structure and surface
tilth and roughness. Davies and Harrod (1970) propose a
three-fold division of erosion risk to soils of various

textures in predominantly arable systems,
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1., Soils of high erosion risk

Fine sands, medium sands, loamy fine sands, loamy medium
sands, sandy peats, loamy peats and light peats (high organic
matter peats 35%).

2, Soils of medium erosion ris

Coarse and very fine sands, coarse loamy sands, peaty‘loams

(low organic matter peats).

3. _Soil of low erosion risk

All soils with higher silt and/or clay content. Gravelly

and Stony soils will be less easily eroded than the stone free
counterpart. However, the Pierre granulated clay of

Souﬁh Dakota, U.S.A., is highly erodible as frost action

produces a high proportion of small aggregates in the surface

layers.

Soils low in organic matter which contain a high percentage of
sand (grains'<1 mm) are very susceptible to wind erosion.

Such soils which are low in silt and clay tend to form weak
aggregates which are easily broken down by splash erosion and
offer only weak resistance to wind blasting. Even so, such
soils are much less subject to erosion when moist than when

dry as Chepil 1956 demonstrated (see Table 16).
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Table 16

Rate of s0il flow in a silt loam at different moisture contents

Equivalent Soil flow in 32 mph
Moisture* wind, mg/cm width/sec
0.25 Very dry 780

0.71 390

1.03 Slightly moist Lo

* equivalent moisture = % moisture of soil in field ¥ by .
% moisture of a soil at permanent wilting point =
Source after Chepil 1956, Page 28l.
et al

ChepilA(1963) designates the mosterodible fraction of a soil
to be the fine sand fraction which has an equivalent diameter
of 0,1-0,2 mm (equivalent diameter = PD/2.65 where P = particle
density and D = average diameter of particle). Particles
of 0,8 mm in diameter and larger are moved only by very strong
winds. Particles of diameter less than 0.02 mm exhibit strong
cohesion and are only moved by impact, therefore smooth surfaces
comprising particles in this size range are relatively resis-
tant to erosion unless triggered.* However, once these par-
ticles are moved they are capable of being carried great distances
in suspension. belany ét al (1975) found that the aerosol
produced by wiﬁd erbsion of soil has a significant organic

: , ; particle size
component., They found that the . , distribution of the
aerosol exhibited the expected shift towards smaller sizes
and that the pércentage of organic carbon increased in all
sizes, particularly in the 10-100 im size range. There was

an overall enrichment of x 20 in the organic contenf of the
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aerosol when compared to the original soil, (a Brownfield fine
sand from an experimental plot, Plains Texas). The authors
consider that fractionation occurs during the wind erosion
process and the size distribution and composition of the
generated aerosol are different from that of the parent soil,
The organic matter in the soil is present either as low den-
sity vegetative residue or as humic substance associated with
the fine §1ay fraction and tends to be particularly suscéptible
to differentiation and transport by erosive winds. Organic
soils are particularly prone to wind erosion when in a dry
exposed state, FProst action and cultivation practices which
force tilths increase the soil's susceptibility to wind erosion,
Davies and Harrod (1970) ;onsider that in deep peat soils

the particle density may be as low as 0.2 and the most erosive
aggregates of the order of 1 mm in diameterj; a size which is
produced by natural weathering. The approximate diameters

of soil particles moved by saltation, surface creep and suspen-

sion are given in Table 17.
Table 17

Soil particle movement

Size range mm, Type of movement
0.005 to 0.5 Saltation
0.5 to 2.0 Surface creep

(according to density
and wind velocity)

<0.02 Suspension
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The sorting action of wind affects the removal of soil material
either in a non-selective or a selective way. In the case of
loessial soils wind erosion removes wvirtually all the surface
soil and is largely non-selective. On soils derived from glacial
till and sandy soils of various origins wind erosion tends to
remove the silt and clay and’this action eVentually.loads to the

concen-
tration of the coarser sand fractions.,

6.3.1.2 Surface tilth and roughness

The surface of cultivated arable fields will change appreciably
from being very cloddy after ploughing, discing and harrowing
to more even and smooth after seed bed cultivations., The
resultant field surface tilth will depend upon a number of
factors, some of which will be influenced by the character

of the soil and the nature of the season during which culti-
vations took place. An initial cloddy and rough surface may
be quickly broken down by splash erosion with the formation
of a partial cap or crust whigh may be broken by subsequent
cultivations, The degree of surface roughness has a marked
effect on average wind speed at the surface which in turn ‘
affects the rate of soil blowing at that surface. This is
demonstrated in Table 18 which summarises wind tunnel experi-
ments of Chepil and Milne (1941) using a fine sandy loam with

ridges 22.8 cm apart and 6.4 cm high,
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Table 18

The effect of surface roughness on rate of erosion by wind

Wind velocity mph Rate of soil flow g/cm width/sec.,
(Kilometres p.h.) at -

12" height (30.48 cm) | Smooth surface| Rough surface
17 (27.4) : 0.32 0.10

22 (35.40) 0.88 0.19

30 (48.3) 2.10 0,20

Sourcet Chepil et al (1941).

Two distinct types of surface roughness can be identified;

one which is formed by tillage implements during seed bed
preparation into a marked pattern of ridge and furrow of
varying amplitude (see Figure 58 Page 52 ) and the other into
micro-ridges and furrows formed by seed drills and ribbed
rollers (see Figure 59 Page 53 ). Chepil and Milne (1941)
examined the effects of ridges on soil erosion by wind and
found that (a) ridges 6.4 cm high placed at right angles to

the wind reduced erosion rates to 4+ to } the rate from a smooth
surface, (b) ridges constructed of natural dune material eroded
Quickly having virtually no wind erosion controlling effect,
(c) on cultivated soils, clods protected the ridges and main-
tained them near their original height, (d) ridges reduced
erosion by reducing the wind velocity at the average soil
surface and by trapping soil particles in the furrows between
ridges and (e) non-beneficial effects of ridges included increased
wind velocity at ridge crests and increased wind eddying.
Armbrust et al (1964) evaluated the relative effects of ridge
heights with varying degrees of simulated cloddiness on soil’

erosion by wind (wind tunnel). Ridges 5.1 to 10,2 cm high
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eroded little due to trapping of soil particles between ridges
and attendant decreases in wind wvelocity. Ridges below 5.1 cm
high proved less effective in trapping soil particles and in
reducing wind velocities. Ridges above 10.2 cm experienced
extensive erosion which resulted from higher wind velocities

at the ridge crests and increased wind eddying., Observations
of wind erosion on arable soils in the West Midlands by the
writer substantiate these findings which are directly applicable
to conditions here despite the smaller field units and con-
sequent reductions in wind fetch. Even in less exposed situa-
tions the direction of tillage lines relative to an erosive
wind' ardof great importance. In Figure 58 (Page 52) the
ridges are at right angles to the dominant wind and ridgq
crests height varied from 12-15 cm, Surface roughness of the
crest zone varied from large angular aggregates 4-6,5 cm in
diameter which predominated and included stones of the same
diameter and smaller and a large number of partially decom-
posed shells of sugar beet. The aggregates on the crests

and margins were quickly eroded by a persistently strong N to
NNV wind which averaged 26 km/hr (for 8-10 hours). Saltating
medium sand grains became concentrated in the furrows but became
airbo:ne when strong gusts (up to 40 km/hr) renewed the salta~
tion load, (Pigure 58 Page 52 middle distance). After two
days of persistently strong winds the ridge crests in the more
exposed part of the field were broken down leaving more resis-
tant aggregates and stones lining the former crests and the
furrows infilled with drifted sand (see Figure 60 Page 54).

A diagrammatic cross-section of a ridge is shown in Figure 61
(Page 55) which attempts to show zones of soil removal, accumu-

lation and direction of movement when wind blows at right angles
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to a ridge. Details of the eroded ridge crests on Figure 60
are shown in Figure 62 (Pag956) which reveals a high pro-
portion of rounded and sub-angular aggregates on the crests
with small accumulations of sand forming in the leeward side

of them, Eddy effects in the lee of ridge crests can be
identified in incipient micro~-dune formation in the furrows,
Where the dominant erosive wind blows parallel to ridge crests
clods and large aggregates develop a marked pattern of elongated
tails of sénd on the leeward side. The furrows infill with
material which is blown down and out obliquely from the ridge
crests and is swept along the furrow (see Figure 63 Page 57).
In fields where the surface is broken by clods and turf residue
(see Figure 64 Page 58) a pattern of ripples formsat right
angles to the dominant erosive wind. Sand shadows form in the

lee of the larger obstacles.

Alternate ridges and furrows trap saltating particles thus
reducing the normal build-up of eroding material downwind.

The more elevated forms of ridges, as shown in Figure 58 (Page 52)
protrude higher into the turbulent wind layer and are subjected
to greater wind forces. In most sandy soils the clods and
aggroegates on the tbps of ridge crests are rarely resistant
enough to withstand the added abrasion and quickly erode off.

The effect 'of ridging is, however, considerable in reducing

soil loss, but because of the inherently weak structure of

most sandy soil the beneficial effect is quickly lost if

strong erosive winds persist for more than 24 hours. When

the erodible soil fractions are removed from the ridge crests

and become trapped in the furrows - a process known as detrusion,

surface roughness decreases and the smoother surface causes
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a progressively incfeased rate of so0il movement with distance
down wind. Chepil (1957) refers to this increase of soil
discharge with distance down wind over an unprotected eroding
area as soil avalanching. As erodible soil fractions tend
to accumulate on the surface with distance downwind a pro-
grossively more erodible soil condition is created to the
leeward. The greater concentration of saltating and creep-
ing grains downwind increases the frequency of impacts and
abrasion of soil aggregates and clods which are in turn moved
by wind. The Task Committee (1965) found no distinct demarca-
tions of size between various grades of windsorted materials
but rather the tendency for size distribution of one grade

to overlap considerably that of another grade.

6.3.2 Principal types of wind erosion damage encountered on
arable soils in the United Kingdom

The principal types of wind erosion damage sustéined by arable
80ils in this country arebrought about by the processes of
soll drifting by deflation and surface creep and the subsequent
deposition of wind transported material, The amount of
damage varies regionally and is conditioned by a number of
factors in addition to soil erodibility. These include
management practices which tend to increase wind erosion risk
on susceptible soils such as field enlargement, continuous
arable cropping, prolonged soil exposure together with certain
cultivation practices such as forcing tilths, When wind
erosion does occur much of the soil drifting normally results
in a redistribution of soil materials within the affected
field or farm unit, However, the deflation and soil drifting

process may result in significant changes in surface texture,

170.



particularly where selective sotrting takes place. Further,
severe blows may result in large quantities of fine grade
material (particles less than O.1 mm in diameter) being

removed entirely from the farm unit.

Arable soils which are exposed over a period of years to

wind erosion suffer a depletion of fertility. Analysis of
fine‘dust particles moved from a wind eroded arable field in
the Canadian Prairies contained up to twice as much nitrogen,
organic matter and phosphorus as material remaining (Department
of Agricﬁlture, Canada 1966). Wilkinson et al (1968) give
mean values of soil characteristics for eroded and non-eroded
sites on sandy soils in parts of Lincolnshire (Kesteven and
Lindsey) and Nottinghamshire and these are reproduced in

Table 19, Whilst ho significant differences’were registered
in phosphorus between eroded and non-eroded soils, the levels
of K were lower in tﬁe eroded area compared with tﬁe non-eroded,
though the authors consider that the difference has 11ttle
practical significance. Vhereas plant nutrient deficiencies
can be easily rectified the very low levels of organic matter
are a cause of concern and will have an adverse effect on

crop growth during dry seasons.

Arable soils may suffer partial‘er complete removal of the

Ap horizon (plough horizon). In many profiles of freely
drained sandy soils, particularly brown earths low in‘organic
matter (‘(2%) there is usually little colour differentiation
in the upper portion of the profile to facilitate identifi-
cation of truncation., Evidence indicative of truncated
soils may appear after ploughing deflated parts of a wind
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*elt

Mean values of soil characteristics for eroded and non-eroded sites

vk

Location and Soil CaCo3 Readily soluble nutrients Organic Sand Content %
number of fields pH % P.pP.m, Matter
P X Mg Coarse] Fine|Total

Lincolnshire
Within fields (232)
Eroded areas 7.0 0.23 28 115 41 1.9 51 38 89
Non-eroded areas 7.0 0.37 29 136 59 2.8 ks 39 84
Fields liable to

complete erosion

(44) 6.9 0.32 28 94 41 1.8 60 29 |89
Nottinghamshire
Within fields (%40)
Eroded areas 6.9 0.31 22 94 121 1.9 62 22 |84
Non-eroded areas 6.8 0.18 23 100 126 2.1 61 22 83
Fields liable to

complete erosion

(13) 7.0 0.27 11 86 112 2.6 59 26 |85

Significance tests refer to the comparisons between eroded and non-eroded parts of fields bnly.

Source: Wilkinson et al 1968 Page 55.

Table 19

Mean values of soil characteristics for eroded and non-eroded sites
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eroded field particularly where there is colour difference
between the Ap and Eb/Eg or B horizons. Hodge and Seale

(1966) refer to a field on Isleham soil near Mildenhall,
north-west Suffolk, where wind erosion had removed the Ap horizon
(very dark greyish brown to black), revealing the brown sub-

soil (Eg horizon) of the peaty gley. In the parts of the

field where this had occurred the growth of sugar beet was

visibly inferior compared with the surrounding crop.

In the British Isles deflation of glacial sands and a range
of sandy textured soils of various derivations, will tend

to increase the concentration of coarse material on the sur-
face by the process of selective sorting. This results in
a change in the texture of the surface layer. The rate of
change will be conditioned by the frequency and severity

of erosive episodes. In Nottinghamshire analytical data
suggest that some marginal loamy Newport soils could be
eventually transformed to sandy Newport soils (as defined)
by deflation of silt, (Robson and George 1971). Jarvis
(1973) considers that wind erosion has led to the accumulation
of deep topsoils in the lee of exposed knolls (on Newport
series) and reports the accumulation of sand on the east
side of fields in the Stockbridge series as for example at

Carrside farm (SE 696 022).

The deposition of wind drifted material may take the form of
a large continuous sheet which has formed and migrated by
saltation and surface creep (see Figure 65 Page 59 ) or can
come to rest against a large hedge as in Figure 66(Page 60)
or spill through gaps in a hedge line. Usually only parts

173.



of fields are affected by these depositional sequences which
can range in depth from a few centimetres to over half a
metre - the latter usually being representative of hedge

line accumulations, The change in soil texture caused by
801l drifting is of greater long term importance for not only
does it affect productivity and available'wafer capacity of
the soil but once this process is initiated on sandy arable
soils it has a cumulative effect as the soil becomes more
erodible - particularly soils which are in continuous arable

- cultivation.

Seale (1975.1)konsiders that after oxidation wind erosion now
causes the most serious loss of surface peat and in partif
cular peats high in organic matter are most susceptible to
erosion, The sorting action of wind erosion is of great
importance when considering the types of material being depo-
sited, Large spreads of coarse sand over more fertile soil
may inhibit crop growth if the blown material is deep enough
(>10 cm). If the supply rate is very intermittent plough
action and subsequent mixing will limit the effect, but with
a more frequent supply rate ploughing will only rework deposi-
ted material and the surface soil will bevcharacterised by a
change in textural grouping. This latter situation is more
common in eastern England on glacial sandy soils in parts of

Lincolnshire and East Anglia than in the West Nidlands.

Apart from the serious consequences of wind erosion in terms

of 801l loss there can be significant losses in farm income

and general social costs to consider. Losses incurred directly
by the farmer include possible loss of seed, deflation of
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fertilizer input, increased costs arising from re-seeding and
ground preparation, abrasive damage to young crops, together
with the adverse effects of partial or complete burial of

a growing crop by deposited soil. Additional costs may

be incurred for clearing out soil infilled drainage ditches
and partially blocked farm tracks. Social costs are diffi-
cult to estimate as no realistic value can be allocated to

the loss of:ﬁajor non-renewable resource like soil. Other
social costs which can be calculated include cleansing regional
drainage ditches and roads. The nuisance value and health
hazard of wind erosion-generated aerosols is again a difficult

one to assess., Further reference will be made to some of

these problems and their general impact on the soil system

in Chapter 10.

6.3.3 Conservation measures

The Food and Agriculture Organisation (1960) offer four measures
which act as a basis to control soil erosion by wind. They
aret

(3) produce or bring to the soil surface aggregates or clods
which are large enough to resist the wind forceg

(v) roughen the land surface to reduce wind velocity and trap
drifting soil;

(c) establish barriers or trap strips at intervals to reduce
wind velocity and soil avalanching

(d) establish and maintain vegetation or vegetative residues
to protect the soil.

The effectiveness of these principles of control varies with

local soil, climate and land use practices. As is the case
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with many conservation measures the difficulty lies not in
understanding the problem but in designing and applying con-
trol measures which can be realistically adopted without
causing appreciable losses of income to farm operatorésontrol
measures can be subdivided into short-term and long-term
practices. Both rely directly or indirectly on the stabili-
zation of sandy soils characterised by single grain structure
and low levels of organic matter. Short-term measures have
included soil marling in areas where suitable material is
readily available. Marling improves both soil structure and
nutrient status and has a beneficial effect on surface texture,
This is, however, a costly operation, particularly if the marl
is not available on the farm., A ma:ling experiment has been
set up at Gleadthorpe Experimental Husbandry Farm (Lincolnshire)
to measure long term soil changes, the effect on wind erosion
and on crop yield (Wilkinson et al 1968). Marling has been.
practised in many parts‘of lowland Britain to improve light
sandy soils but the practice is not common today because of
cost, Another short-term measure is rotational ley grass
which has tended to go out of favour in many wholly arable
systems as it is considered uneconomic. Although a grass ley
will stabilize a field surface its effects are relatively
short-lived, particularly on a soil which has become more ero dibl.
through previous selective sorting by wind. Inter-row crop-
Ping or nurse cropping is another method which is used to
protect more sensitive root crops such as sugar beet through
the early stages of growth. - This method has been well-used

but is expensive and introduces some management difficulties.

Salter (1967) and Wilkinson et al (1968) refer to the use
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of pulverised fuel ash (from electricity power stations) as

a possible measure of improving available water capacity of

sandy soils, ameliorate texture and help control wind erosion,

As other short-term methods such as soil conditioners, bitumastic
or synthetic latex mulches which are used to stabllize sandy
soils and to improve seed germination, prove to be very expen-
sive the prospect of the increased use of direct-drilling is
regarded by some writers as the most important single con-

servation measure yet introduced. This practice is considered

in Chapter 10.

Long term measures include the installation of permanent wind
breaks in the form of shelter belts and hedges. - Their loca-
tion must be carefully planned to ensure the maximum protection
and avoidance of unwanted down-wind effects on adjacent fields.
Discussion has been centred on ways to offset the worst effects
of wind erosion without making any significant alteration to
farming practices which exacerbate the problem of wind erosion,
Unless direct drilling provides a suitable technological break
through to permit the continuation of modern cropping practices
some changes will have to be made in order to offset unacceptably

high soil losses by wind erosion.

In the United States of America it is possible to calculate the
amount of wind erosion on arable soils by using the wind
erodibility equation - an equation similar to the universal
equation for soil loss by water referred to in Chapter 4,
However, the wind erosion equation is much more complicated

to use because the relations between variables in the equation

are complex and require computer programmes and a large data
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store.

At the present time the wind erodibility equation

could not be easily adapted to solving wind erosion problems

in the United Kingdom because of a lack of compatible data.

The concept of how the equation works is described by Woodruff

and Siddaway (1965). The amount of erosion E, by wind is

expressed by the potential wind erodibility equations-

E = F(I.KOCOLOV)

Where E

r

total erosion loss in tons per acre

indicates that erosion is a function of the various
parameters

soil erodibility index based on texture and aggrega-
tion. 'I' ranges from O (as stony) to over 300
(very fine non-aggregated sands). These values

can be derived from prepared tables.

surface roughnesst it varies from 1.0 for smooth

'soil surfaces to 0,5 if rough surface has at least

4 inch (10.2 cm) vertical microrelief variation.,
climate factor (windspeed and effective soil mois-

ture). These values can be obtained from made up

‘ tables,

effect of field size (1ength). This value ranges
from O (smalluprotected areas) to 1.0 (wide open
area for many hundreds of metres) without effective
barriers values of 0.8 to 1.0 can be used depending
on degree of opehﬁess.

equivalent quantity of vegetative cover, calculated

from tables according to the kind of cover (stubble,

cut residues) on the field.
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6,4,0 Summary

l., Contrary to popular opinion wind erosion damage is not
confined only to the arid and semi-arid parts of the world

but occurs widely in parts of Europe where its occﬁrrence can
be correlated to cultivated soils derived from glacial till,
outwash, loess and fen peats. In all of the regions where
wind erosion has been recorded the problem seems to be far
from being eradicated. To the contrary, the growth of modern
farming methods in Europe seems to be increasing the risk

of erosion hazard, particularly in those areas which are

now, or are becoming, highly mechanised.

2, Soils which are particularly susceptible to wind erosion
damage are at greatest risk when exposed during dry windy
periods wh}ch occur most frequently during spring and early
summer, Consideration is given to the question of the
threshold velocity at which wind becomes erosive and the

- mechanics of the wind erosion process., Soil movement is
caused by the turbulent flow of wind at the surface and by

the impact of saltating grains of soil., The minimum velocity
required to initiate this movement has been designated by
Chepil (1945 (2) ) as the minimal fluid threshold velocity,

As the wind strengthens all grades of erodible particles begin
to move and this Chepil (IBID) described as the maximum fluid
threshold velocity, The minimal threshold for the most
erodible sections determines the threshold velocity for the
field. The velocify of surface winds increases with height
above the surface and this can be expressed by the following

_equationt-

V, = 575V, log %
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where V‘is mean velocity at any height Z, V, is drag velocity

and K is a roughness constant. It is, therefore, the gradient
in velocity which determines the magnitude of the force exerted.
Once large quantities of soil material become airborne the
momentum, and hence the velocity of the surface wind, are
reduced, Where soil erodibility is high the greater will be

the concentration of moving grains during a blow and consequently

there will be a greater reduction of surface wind velocity.

3. Once movement of soil particles is initiated they are
transported in three distinct types of movement, saltation,
surface creep and suspension, depending upon their size in
relation to the velocity and turbulence of the wind. Chepil
(1958) estimates that the highest proportion of eroded soil
moves by saltation (50-75% by weight) and the least by
surface creep (5-25%). Estimates of the threshold velocity
of erosive winds varies but can be averaged around 20 km/hr.
Erosive winds can come from any direction but are commonly

west to south west in the British Isles.

4, Soil and surface conditions relating to erodibility include
texture, structure and surface tilth and roughness., Soils
low in organic matter which contain a high percentage of sand
grains {1 mm are‘very susceptible to wind erosion. This
susceptibility declines as particle sizes increase with those
of >0.8 mm diameter being moved only in very strong winds,
Part10198 <0.02 mm exhibit strong cohesion and are only moved
by impactin cascading grains. Delany et al (1975) found
that the aerosol produced by wind erosion of soil‘contained a
significant organic content, particularly in the TO—lOQ/qpb
range with an overall enrichment‘of x 20 when compared with
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the original soil. This is attributed to . SR

a greater selectivity by wind of finely divided organic matter.

5. Ridged surfaces of fields have been shown to be less
erodible than smooth surfaces depending upon the height of’
the ridge crests and wind velocity. Ridgés 5.1 to 10.2 cm
high eroded little but over this level their effectiveness
in strong winds ()25 km/hr) declines. Likewise ridges below
541 cm high proved less effective in trapping soil and in
reducing wind velocities. - The effect of ridging parallel
to and at right angles to the prevailing erosive wind is
demonstrated by a number of illustrations of erosion taken
from east Shropshire. Chepil (1945) describes the increase
of soil discharge with distance downwind over an exposed

field surface as the process of avalanching.

6. The principal types of wind erosion damage on arable soils
in the United Kingdomare examined. In many areas affected

by wind erosion selective sorting has tended to increase the
concentration of coarse fractions on the soil surface. This

is particularly notable in those areas characterised by sandy
tills and outwash deposits,  Wind erosion of eolian sedimehts,,
however, brings about non-selective sorting and is less likely
to shift a soil from one textural grouping to another as in

the case of sands (loamy to sandy). However, instances are
qu°ted,Anotab1y in central and eastern England,where truncation
of the Ap horizon has occurred by wind erosion. The wide-
spread deposition of sandy material by saltation and surface
creep has an adverse effect where coarse grained material buries
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more fertile soils, or covers growing crops or damages grow-
ing crops kty sand blast. Crop damage, loss of seed and
fertilizer represent losses to the individual farmer, Loss
of soil on a large scale represents a serious depletion of
fertility and loss of a non-renewable resource. The total

social costs of serious blowingare difficult to estimate,

7, Conservation measures are briefly discussed here and have
been treated under the two headings of short-term and long-
term practices. The former includes marling, short leys,
inter-row cropping and the use of pulverized fuel ash as

well as various synthetic mulches. Expense and convenience
in operating are major drawbacks to many of these measures
and the feasibility of adopting conservation measures rests
on their integration into the general running of the farm
unit, Long-term measures such as permanent wind breaks have
proved to be very successful locally in limiting the erosive
effects of strong winds. New techniques of direct drilling
and 1ifs likely impact on offsetting erosion damage are

briefly considered here.

8. TFinally reference is made to the wind erodibility equation
which is used in the U.S,A., to estimate the amount of soil

loss generated by a wind erosion episode. Unlike its counter-
part for water erosion (the universal soil loss equation) the
former is not easily adapted to solve similar problems in

the United Kingdom as it relies on a complex computer pro-
gramme and a large data store derived from experimental plots

and field trials, the like of which is virtually absent in

the United Kingdom.
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Chapter 1

Soil erosion in the West Midlandst a qualitative assessment

of the distribution and an analysis of the main causal factors
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Chagter 1

Soil erosion in the West Midlandst a qualitative assessment

of the distribution and an analysis of the main causal factors

1.1 Introduction

Soil erosion in the West Midlands

Survey work during the last ten years in parts of the West Midlands
has revealed the widespread incidence of accelerated soil

erosion by rain and to a lesser extent by wind. In parts

of the region an interaction of physical factors with land

use and management practices combine to produce a serious

erosion hazard. This chapter deals primarily with a qualitative
assessment of soil erosion and identifies the parts of the

region which exhibit a range of erosional problems,

Particular attention is paid to an analysis of soil erosion

in east Shropshire and the adjoining areas of Staffordshire
which cover some 800 sq., kilometres lying west of Wolverhampton
and stretching to the Severn Valley at Bridgnorth, Newport
and Kinver respectively locate its northern and southern
extremities, Although there was substantial evidence of
erosion on the Clee Hills (see Figure 67 Page 61 ), Cannock Chase
and on some common land used as amenity areas, the most
widespread incidence of erosion was found on agricultural

land, A reconnaissance survey was carried out by the writer
during the period 1966-1970 to try to ascertain the areal

184,



extent of accelerated erosion of arable soils in the West Midlands.
Evidence of erosion predominantly by rainfall and run-off was
recorded in Herefordshire, Staffordshire, Shropshire,

Warwickshire and Worcestershire anmd its occurrence was widq-

spread in areas of intensive arable use where the so;ls were

sandy or silty in texture and the terrain was characterised

by gentle or moderate élopes (2-7°). Wind also affected a

large hectarage of sandy textured solls, particula:ly of the
Newport, Bridgnorth and Crannymoor series. Reference 1is

made to soill erosion on these series and others within the

region in a number of Soil Survey Reports.

Although in each year of the Survey erosion was observed on
new as well as on known sites, by far the greatest amount
occurred during the 1968-69 period and again in 1976 when

it could be described as ubiquitous in the West Midlands.
Bleasdale (1974) considers 1968 to be an outstanding year

for multiple events with exceptionally heavy and widespread
rainfall, and he regards that year as unique during more

than 100 years of well-documented rainfall history. The ,
record breaking drought of 1976 was followed by a very wet
autumn when the combined England and Wales rainfall of 313 mm
for September and October together exceeded the previous
highest since 1727 of 310 mm in 1903 (Royal Society 1977).
During the spring and early summer of 1968 there were some
marked dry spells with strong winds which caused severe wind
erosion in eastern England and to a lesser degree in parts of

the West Midlands.
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7,2,0 Distribution of soil erosion in the West Midlands

Erosion of arable soils by wind and water take place annually
in parts of the intensively cultivated areas of the region.

In most years the area affected is small in comparison to the
total hectarage of crops and grass but it is nevertheless

very significant as it tends to .recur on the same sites

and affect high grade soils (Capability Classsl-3). The

area affected by erosion increases during adverse seasons, .
for example (1968-9); in abnormally wet or dry spells and
freak short-lived spells of weather such as line thunderstorms*
and slow moving depressions which may affect large parts of
the region. The timing of these events with respect to field
conditions and the stage of crop growth is of great importance
when assessing potential erosion hazard. A distinction is
drawn between adverse seasons which can cause widespread
erosion over a wide range of soils and more isolated events
such as local thunderstorms, Both may produce spectacular
erosion in an area and such events may have a long return
period. However, the sum of less spectacular erosive events
throughout the year may in the long-term be more significant
as the return period for such events is invariably shorter.
In east Shropshire significant amounts of erosion have been

registered every year in a ten-year survey, which is referred

to in Chapter 8,

A detailed picture of the erosional history of an area can be
achieved only through accurate monitoring on a field to field
basis and this has been attempted in parts of east Shropshire.

For the region as a whole a qualitative assessment is made
* Line thunderstorms move in narrow belts or bands in the. 86

direction of the winds at low level and are usually
more intense,




based on reports of soil surveyors in memoirs and records and

from personal field work.

T.2.1 Reference to erosion in Soil Survey memoirs and records

Mackney and Burnham (1966) report soil erosion in the

Church Stretton district of Shropshire affecting soils of the
Munslow series (silt loams) on sloping land of 3-11° during
periods of heavy rain in the spring and summer, Hodgson
(1972) refers to spectacular erosion affecting Munslow soils
in the Ludlow district during heavy spring or summer rains on
fallow or partially covered soils, and widespread erosion of
soils of the Bromyard (fine silty) and Fardiston series (fine

and very fine santy loams).

Hodgson and Palmer (1971) describe erosion by rainfall and
run-off on the Lardiston series and Munslow series to the

south of Hereford. They record both sheet and gully erosion
affecting Bromyard series (silt loam) and the Ross series

(sandy loam). Whitfield (1971) describes serious rill erosion
on soils of the Ross, Eardiston and Sellack series (sandy loam -
loam) of the Ross-on-Wye area of Herefordshire. Palmer (1972)
again cites soils of the Eardiston and Bromyard series as

being prone to sheet and gully erosion when sloping land 1s
cultivated and capping is considered to0 be a serious problem

on silt loams of the Dove series (silt loam). Hollis and
Hodgson (1974) refer to spectacular gully erosion occurring on
the fine sandy loams of the Bromsgrove series near Kidderminster,
Worcestershire., The same soils are also liable to blow and
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are considered to be very susceptible to both water and wind
erosion, Whitfield (1974) and Whitfield and Beard (1975)
describe nine soil series near Leamington Spa and Alcester in
Warwickshire which are affected by loss of structure and
capping and a further five series which have a high risk of
structural damage. Jones (1975) describes soils in Eccleshall
district of Staffordshire and cites erosion of the Bridgnorth
and Wick series (sandy loams) and considers four other series
(Bromsgrove, Newport, Arrow and Ollerton - all sandy loams)

to have minor eroéion hazards on slopes and to be affected

by weak structure, slaking and capping.

Location of soil associations in the West Midlands with reported

structural and erosional problems

The main soil series which are quoted in the text as having
structural and erosional problems under arable agriculture
are identified on the Soil Association map of the West Midlands
(Mackney and Burnham 1964) (see Figure 68*) and are referred
‘o in Table 20, A range of soils in seven associations are
identified as liable to erosion. However, reference is made
only to those areas of the Soil Assoclations where erosion
has been observed in the field. As the seven assoclations
represent over three quarters of the area of West Midlands
soils out of which a high proportion is in arable use, soil
erosion must be regarded as a potential or actual hazard on
a high proportion of this land. Since the completion of

the Soil Association map in 1964 some series names have been

* Figure 68 is located in Pocket A of Volume 2
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superseded and new soil series have been designated, together

with the incorporation of a new classification of soil sub=-

groups (AVery 1973). This new system is adopted throughout

the text.

Table 20

Soil associations in the West Midlands with soil series

liable tc structural and erosional damage

Soil association 1

Subgroup Soil Series
Gleyic brown earths Arrow, Astley Hall
Typical brown sands Newport
Gleyic brown sand Ollerton
Typical (Humo=-ferric)
Podzol Crannymoor

This association comprises 6 main areast-

Shropshire:s 1.
2,
3.
,h.

Staffordshiret
5.

Warwickshiret
6.

Shrewsbury area and south to Dorrington,
Shrewsbury - north-west to Oswestry.
Shrewsbury (Shawbury, north to Whitchurch).

East Shropshire, Newport to Kinver,

South Staffordshire west of the conurbation

to the Shropshire border.

East Warwickshire = Coventry - Rugby area,
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Table 20 continued 1

Soil association 2

Subgroup Soil Series
Typical brown earths Bromsgrove, Ross, Clive
Gleyic brown earths Inkberrow
Typical brown sands Bridgnorth
Stagnogleyic Argillic ,
brown earths Hodnet
Typical (Humo-ferric)
Podzol Crannymoor

This association comprises 5 main areasi-

Staffordshires 1.
2,

;3.

Worcestershires 4,

Soil association 8

Stafford - Rugeley Cannock area.
Lichfield area south to Sutton Coldfield.
South west of Wolverhampton to Kinver
and Stourbridge.

Kidderminster - east to Belbroughton and
south to Bromsgrove.

Kidderminster south to Ombersley.

Subgroup

Soil Series

Typical brown earth Newnham, Wick

Gleyic brown earth

Norton

The main area identified is in parts of the Severn and Wye

valleys and in scattered pockets in Staffordshire and

Worcestershire.
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Table 20 continued 2

Soil association 12

‘Subgroup

Soil Series

Typical brown sands

Stagnogleyic Argillic
brown earths

Typical Stagnogley
soils

’Newport

Flint, Salwick

Salop

This association is widespread covering much of north and

west Shropshire below 152 metres, Staffordshire and northern

Warwickshire.

Soil association 14

Subgroup

Soil Series

Typical Argillic Pelosol

Typical Argillic brown
earths

Stagno-Argillic brown
earths

Typical Stagnogley soil

Worcester

Lilleshall, Shifnall

Donnington Heath Whimple

Brockhurst

This association comprises 3 main areast-—

Shropshire: 1. Shifnal district.

Staffordshires

3. The central lowland of Worcestershire

2., Keele district.

and Warwickshire.
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Table 20 continued 13

Soil association 15

Subgroup ' Soil Series

ITypical brown earths Eardiston, Dore

Typical Argillic brown
earths Bromyard

This association occupies a broad belt (approx. 25 km wide)
which runs south of Much Wenlock in Shropshire through Bromyard
to Ledbury in Herefordshire. Another larée area is found
north of Ross-on-Wye running west to Pontrillas and north-west
to Hay-on-Wye. A third area lies to the north and west of

a line from Hereford to Hope under Dinmore.

Soil association 16.

Subgroup Soil Series

Typical brown earth Munslow

Typical Argillic brown
earths Stanway Wilderhope Yeld

The main area described here is the Scarpland belt which runs
from Ironbridge on the Severn 35 km south-east to Ludlow and
south and east through Wigmore in Hereford towards Kington.
Alternating beds of hard limestone (Wenlock and Aymestrey)
and softer shales (Wenlock and Lower Ludlow) give rise

to scarp and vale topography and the distribution of soils

is closely related to scarps, dipslopes and vales.

1:.3.0 Main causal factors of erosion 1., Soils

In the arable areas of the region a number of soils are identi-
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fied with varying degrees of structural weakness which render
them more susceptible to erosion, particularly when in con-
tinuous arable cropping. The soils listed in Table 21 are
reported in Soil Survey memoirs and records as being suscep-
tible to erosion, Table 22 1lists soils which are subject

to loss of structure and capping and are, therefore, liable

to erode, and erosion episodes have been recorded on many

of these soils ﬁy the writer. In addition, a number of other
soil series which erode are listed in Table 34 (Chapter 8 Page 234
which refers specifically to soils in the east Shropshire
patrishes of Claverley, Rudge and Worfield. Altogether some
97 series have been described in the West Midlands, some of
which subsequently have been redefined or included in other
series, Of this total over half are in arable usage and

the s0il series included iﬁ Tables 21 and 22 represent ther
largest hectarage of arable, much of which is Class 1 to 3
land, For example, the Bromyard-Eardiston series amounts

to 43,000 hectares in six of the areas mapped representing
between 24% and 34% of the area in three (Ludlow, Church Stretton
and Hereford south). Munslow (13025 hectares), Ross (8000
hectares), Newport (4700 hectares), Bromsgrove (3065 hectares)
and Bridgnorth (1905 hectares) include other important arable
solls which are predominantly graded in Categories 1 and 2

(Bibby and Mackney(1975) Land Use Capability Classification.

The texture of these soils tends to be either sandy or silty

with sandy loams and ¢ilt loams predominating., This textural
range reflects the distribution of underlying solid and derived
drift material with lithologies dominated by sand sized particles
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Table 21

Soil series in the West Midlands susceptible to erosion

Series Texture Lithology

Bridgnorth Loamy sand - Sandy over reddish sandstone

sandy loam (Triassic)

Bromsgrove Sandy loam Coarse loamy over Triassic
sandstone (Keuper)

Bromyard Silt loam Fine silty over Devonian marl
with occasional interbedded fine
grained sandstones and siltstones

Eardiston Sandy loam Coarse loamy over fine grained
Devonian sandstone

Munslow Silt loam Coarse silty over Silurian
siltstones and fine grained
sandstones

Newnham Sandy loam Coarse loamy and stony, reddish
brown and brown terrace deposits
and outwash deposits derived
mainly from Devonian and
Silurian rocks

Newport Loamy sand - sandy|Sandy; drift (glaciofluvial

loam deposits mainly derived from
Triassic rocks¥

Sellack Sandy loam = loam | Coarse loamy over interbedded
marl and medium grained Devonian
sandstone

Ross Sandy loam Coarse loamy over medium grained
Devonian sandstone

Wick

Sandy loam

Coarse loamy;
deposits derived mainly from
Triassic rocks

drift (glaciofluvigs

1
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Table 22

Soil series in the West Midlands

susceptible to _loss of structure

and capping '

Series Texture

Lithology

Arrow Sandy loams

Astley Hall Sandy loam

Brockhurst’ Loam - or clay
loam

Cleve Sandy loan

Dore Silt loam

Donnington Sandy loam

Heath

Evesham Clay

Hodnet Silt loam

Inkberrow Fine sandy loam

Norton Sandy loam

Ollerton Loamy sand to

sandy loam

Salwick Sandy loam
Whimple Loam - silt loam
Worcester Silty clay loam
Yeld S1il1t loam

Coarse loamy; drift (glacio-
fluvial deposits derived from
coarse loamy over clayey; brown
and reddish brown drift over
reddish brown till derived mainly

- from Triassic rocks

Fine loamy over clayeyj; thin
drift over Keuper marl

Coarse loamyj; over yellowish
brown fine and medium grained
sandstones (Keuper)

Silty; reddish brown drift
(outwash deposits derived mainly
from Devonian rocks)

Coarse loamy over clayey; drift
over reddish mudstone or clay
shale (Triassic)

Clayeyj over calcareous clay or
clay shale (lower lias)

Fine loamy or fine silty over
reddish interbedded siltstone,
silty shale and sandstone
(Triassic) Keuper

Fine loamyj over interbedded
sandstone and marl (Arden
sandstone)

Coarse loamy over fine loamy
terrace deposits derived mainly
from Triassic rocks

Sandy; drift (glaciofluvial
deposits derived mainly from
Triassic rocks)

Loamyj; reddish till (derived
mainly from Triassic rocks)

Fine loamy, or fine silty over
clayey; thin drift over
Keuper marl

Clayey over Keuper marl

Fine silty over Silurian shales
and mudstones
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(fine, medium and coarse sandstones, glacial and fluvioglacial
sand and terrace deposits) or silt sized particles (mudstones,
siltstones, marls and shales). In general organic levels
tend to be higher ()3%) in many of the soils reported in
memoirs than in parts of east Shropshire ({3%)#* This may

be partly explained by the fact that in many instances loss

on ignition data is derived predominantly from soils on eroded
sites in east Shropshire. This would tend to depress the
value of soil organic matter levels, particularly in those

soils which are in continuous arable cultivation.

Characteristics of the main series represented in Table 21

l. Bridgnorth series (typical brown sands)

Bridgnorth soils are mapped where Triassic Sandstone (Bunter-
Upper/Lower Mottled Sandstone and Pebble Beds) occurs within
90 cm of the surfacé. Where similar profiles are found with
solld rock occurring below 90 cm these soils are usually mapped
as Newport series. Surface textures vary from sand, loamy
sand to sandy loam which in part reflect variations in the
grain size of the parent material with the mottled sandstones
weathering to give a fine or very fine sand (see Table 23).
Burnham (Personal communication) considers that the sandy
loam texture of some Bridgnorth soils might arise from the
common practice in the past of marling. Bridgnorth soills
havean Ap horizon with a weakly developed sub-angular blocky
structure which quickly breaks down and caps when exposed to
splash erosion. The change from the plough horizon (Ap) to
the B horizon is abrupt. This horizon is usually reddish

* Based on loss on ignition data in East Shropshire (by
the author), 194,




brown in colour and sand to loamy sand in texture, with
occasional stones., The organic content is very low and
the bulk of the organic matter present is contained in the
worm channels which penetrate this horizon. The sand is
usually loose and structureless and passes into bright red
sand with abundant weathering sandstone fragments. The
Junction with the solid sandstone is frequently marked by
an increase in loaminess and a high concentration of mica
along the weathered fragments of sandstone. Occasional

worm channels and roots follow the cleavage of the sandstone.

Table 23

Bridgnorth series (steep) phase

(o]
Claverley (S0.794 937) Elevationt 67 m Slope and aspect 10°NNW

Land uset arable.

Horizon - Ap B B/C o]
Depth (cm) 0.21 21-40 | LO-61 | 61-73
Sand (2 mm - 200 %| 15.3 7.7 | 5.2 4.3 .

(200 - 50 4| 66.1 Th 4 78.2 79.3

silt 50 -2 4| 9.9 9.5 | 6.8 9.1
Clay 2 %! 8.7 8.4 9.8 7.3
Loss on ignition %| 2.3 1.7 1.5 0.9

Bridgnorth soils are very susceptible to both wind and water
erosion pafticularly when under continuous arable cropping.
Many examples of truncated soil profiles can be seen where
steep Phaseé are developed or where wind deflation has removed
all or part of the Ap horizon.
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2 Bromsgrove Series (Typical brown earths)

Soft Triassic sandstonés¥*also form the parent material of
Bromsgrove soils which are distinguished from both Bridgnorth
and Newport series by their higher silt and clay content (see
éable 24). In cultivated soils the Ap horizon consists of

a dark reddish brown sandy loam with a weak to moderately
developed subangular blocky structure overlying a reddish

brown B horizon. = Structure is less well developed with

depth and the lower horizons are often structureless, Organic
matter content tends to be low in the intensively cropped areas
and loss of structure during heavy rain causes capping and
increased run-off, However, Hollis et al (1974) consider

that erosion is less severe than on sandier Newport and
Bridgnorth soils though they refer to the occurrence of spec=-
tacular gully erosion on slopes after heavy‘rainstorms in
springtime with erosion and run-off being sufficient to block
some small lanes with eroded soil. They also consider that
the present practice of enlarging fields may well lead to

wind erosion problems in the future.

3. Bromyard series (Typical Argillic brown earths)

The Bromyard series is developed on red marl of Downtonian and
Dittonian . age (Old Red Sandstone). The marl which is soft
and easily eroded consists of approximately 60% silt and

25% clay with the remaining fraction largely of fine sand

(see Table 25). This gives rise-to a Ap horizon of reddish
brown silt loam or silty clay loam with a weak or moderate
subangular blocky structure overlying a silt loam or silty
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clay loam (Eb horizon) and a Bt horizon of silty clay loam.
Often all or part of the Eb horizon in shallow soils is

incorporated in the plough layer,

Hodgson (1972) considers that accelerated erosion caused

by cultivation is widespread on these soils and has resulted
in part or all of the former upper horizons which lost clay
by eluviation being washed down'slope by erosion leaving a
truncated soil with a rélatively uniform clay content down

the profile. In shallow phases of the Bromyard series on
steeper eroded slopes the Ap horizon may be ploughed. wholly

or in part from the Bt horizon, with the upper horizons having
been removed by erosion. It is generally accepted that soils
high in silt low in clay and low in organic matter (K2%) are
the most erodible. Despite the higher average organic levels
silt loam soils in the West Midlands are very susceptible

to loss of structuré induced by splash erosion and subsequent
reductions in infiltration. This, together. with induced
compaction from farm machinery increases the risk of accelera-
ted run-off. These soils are also very susceptible to

poaching by cattle and sheep,
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Table 24

Bromsgrove series (SO 834 709) Skeys Farm, Hartlebu

Elevation: 31 m Slopet level Land uset Arable, fallow.

Horizon Ap B B/C
Depth (cm) 0.34 34-56 | 56=73 | 73-96

2 mm - 200
Sand

%
200 - 50 % | L4o.1 39.3 27.5 35.7
%

24,0 26,7 44 .7 k.9

silt 5¢ - 2 21.3 20.1 12.9 8.6
2% 14k.6 13.9 14,9 10.8

Clay
0.2% 5.4 5.0 4,7 3.6
Loss on ignition %| 3.6 2.4 2,2 1.9

and
Sourcet Hollis J.M., Hodgson J.M. (1974)
Soils in Worcestershird Page 39

Table 25

Bromyard series (SO 509 356) Ridge Hill, Lower Bullingham

Elevationt 120 m Slope and aspects 3°ESE  Land uset pasture.

Horizon « Ap Bt Bt/ec
Depth (cm) 11-22 30-38 | 63=75

2 mm - 200 %| 4.7 3.1 1.4
Sand

200 - 80 % 16.9 7.5 2.8
silt 50 - 2 %| 55.3 55.4 57.1
Clay 2%]| 23.0 34,2 38.7
Loss on ignition %$| 6.1 5 5.2

Sources Hodgson J.M., Palmer R.C. (1971)
Soils in Herefordshire I Page 33
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4, FEardiston series (Typical brown earths)

The parent material of the Eardiston series is fine-grained
micaceous reddish brown sandstone which is often present as
thin impersistent bands in the marl, thus making series separa-
tion in mapping difficult,  Where this occurs the soils are
mapped as Bromyard-Eardiston. The series is characterised
by Ap horizons of fine sandy loam or loam texture with a weak
or moderate fine or medium sub-angular blocky structure
overlying a B horizon of similar texture. The soils usually
texture ,
have a uniformAprofile with a clay content less than 20%,
In Table 26 analytical data is included for a representative
profile of an Fardiston soil. The weak surface structure
quickly breakg down when exposed to splash erosion and capping
is a widespread problem in Eardiston solls. As the B horizon
is also weakly structured incipient gully erosion is potentially

a greater hazard on these soils than on the Bromyard series

vhich exhibit a better structured Bt horizon richer in clay.

Table 26

Eardiston series (SO 599 661) Lydiates Farm, Tenbury Wells

Elevation: 84 m Slopet 1level Land uset Permanent pasture.

Horizon Ap B B/C
Depth (cm) 0-23 23-36 | 36-50
§2 mm - 200 % | 13.4 16.5 12.3
Sand
200 - 50 % | 24,2 21.6 50.8
g 50 - 20 %| 18.3 19.6 6.6
Silt
20 - 2 %| 26.8 26.6 14,2
Clay 2% 17.3 15,6 16.1
Organic Carbon 1.7 - -

Source: Hodgson J.M. (1972) Soils of the Ludlow district Page 115
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5. Munslow series (Typical brown earth)

The Munslow series comprise well-drained soils of silt loam
texture formed from decalcified siltstones and fine-grained
sandstones of the Lower Palaeczoi ¢ scarplands of Shropshire
and north Herefordshire. These rocks tend to weather down
relatively easily to give deep profiles on uneroded sites

of stony silt loams with a fairly uniform texture throughout
with less than 20% clay present (see in Table 27). Two
other phases are recogniseds a steep eroded phase on slopes
greater than 11° and a deep colluvial phase along base of
slopes and behind hedge boundaries, many of which show marked
talud development. Arable soils have a dark grey brown Ap
horizon of silt loam or loam texture with weak to moderate
fine subangular bldcky structure. Ploughing often incorporates
part or all of the 4/B horizon on deeper sites and on shallow

eroded sites an Ap/C profile is often developed.

Table 27

Munslow series (so 408 721) Paytoe Farm, Wigmore

o
Elevationt 139 m Slope and aspectt 5 SE Land uses arable.

Horizon Ap B
Depth (cm) 0-22 22-30

2 mm - 200 % 10.4 609
Sand

200 - 50 % | 3.2 3.3

5 = 20%|29.3 32.2
silt

20 - 2 % 140.8 l"lo6
Clay 2% 116.3 15.4
Organic carbon % 3.1

Sourcet Hodgson J.M. (1972) Soils of the Ludlow district Page 117
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Hodgson (1972) considers the above profile (Table 27) to be
typical of the ploughed Munslow soil where the Ap horizon with
its weak structure has suffered some erosion and has been
ploughed deeply into the former 'B!' horizon. The lower
levels of organic matter and decreased faunal activity under
cultivation in these soils are believed by Hodgson to increase
the risk of loss of structure and capping. He refers to
spectacular erosion during spring and summer rains with erosion
being most severe in the larger fields with unbroken slopes.
In recent years there has been widespread hedgerow removal -
particularly in the Scarpland belt and as Munslow soils are
generally found on more elevated land (122 = 350 metres)

there is a greater risk of exposure and splash erosion
accentuated by strong and gusty winds during heavy rains,

The large fields along the main dip slopes increase the risk
of run-off causing damage when heavy rain falls on dry com-

pacted land, notably where sugar beet is cultivated up and

down slope.

6. Newport series (Typical brown sands)

This widespread series of typical brown sands is developed in
drift deposits derived mainly from Triassic rTocks

and are dominantly sandy. The lower horizons are not clearly’
differentiated and are poorly structured with clay content
decreasing with depth. The prbfile of a cultivated soil

has a dark brown Ap horizon of ioamy sand or sandy loam

texture which is weakly structured and‘overlies a yellowish

red or reddish brown B horizon of loamy sand or sand merging
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with structureless C horizons of similar colour and texture.
The grain size of the sand fraction varies according to the
nature of the parent material and surface textures in places
deflated by selective wind erosion may be of coarser sand.

In arable soils elutriation tends to bring about selective
sorting leading to a concentratian of coarse fractions on

the soil surface. Arable soils are also inherently low in
organic matter and where the sé:face contains a high propor-
tion of fine sand capping becomes a frequent problem. Newport
soils are very porous and permeable with a medium or low
packing density but this can easily be modified by severe
compaction by machinery when soils are too moist and this
leads to the formation of dense surface and subsurface pans
which enhance the risk of run-off during storms. Four phases
of the Newport series are identified, sand, loamy, stony and

stony-loamy. The representative profile in Table 28 illustrates

the sandy phase,

Table 28

Newport series (sandy phase) (Sp 313 638) Heathcote Farm, Warwick

Elevation: 65 m Slope and aspects 3°NW Land uses arable,

fallow.

Horizon Ap B Cl- c2
Depth (cm) 0-33 33-50 | 50~80 | 80-105

2 mm - 200 %| 43.6 48,8 62,1 79.0
Sand (200 = 100 %| 21.8 24,9 23.2 15.4

100 - 50 %| 5.4 4.8 2.8 1.3
Si1t 50 ~ 2 ¢%| 19.5 15.0 7.6 3.2
Clay 24| 9.7 6.5 4.3 1.1
Loss on ignition %{ 4.5 2.2 1.1 0.8
Organic carbon %| 1.7 0.6 - -
Sources Whitfield W.A.D.(1974) Soils in Warwickshire I 202.
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Widespread erosion by wind aﬁd water has been reported on
these soils notably when in continuous arable cultivation.
Hollis et al (1974) identifies and maps erosion limitations
in capability classes 1-3 which accounts for over 80% of the

Kidderminster sheet.,

7. Ross series (Typical brown earths)

This series is widespread in parts of Herefordshire and is
associated with parent materials developed from medium grained
Lavonian sandstones. Ross soils have sandy loam textures
which are coarser (medium sand) and distinguish this series
from the fine and Qery fine sandy loams of the Eardiston
seriés. - The profile is usually made up of a uniform sandy
loamy texture overlying rock at between 45 cm and 1 m and has
weakly differentiated A and B horizons. The plough horizon
(Ap) is a dark reddish brown stoneless sandy loam which is
veakly structured (weak subangular blocky) overlying a similar
B horizon which passes into weathered soft rock fragments of
the C horizon. As in other sandy soils organic matter levels
are low and become lower in soils under continuous arable
cropping (see Table 29). Because of considerable and rapid
variations in depth the main mapping unit is the Ross series
(undifferentiated) though shallow and steep phases are separated

where feasible.
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Table 29

Ross Series (SO 537274) Kynaston Farm, Sellack

Elevation: 103 m Slopes 1level Land uset arable (temporary
grass

Horizon Ap Bl B2 B/C
Depth 8-15 23-31 | 43-51 | 56-64

2 mm - 200 %| 45.8 L4o.2 51.9 55.3
Sand (200

100 %| 17.5 15.6 21.8 18.0
Silt 50 - 2 4%| 18.9 28.2 11.5 10.6

Clay 2% 12.3 11.6 10.2 13.2

Loss on ignition %| 3.1 3.0 2,0 2,2

Source: Whitfield W.A.D. 1971 Page 18.

7.3.1 Main causal factors of erosion 2. Rainfall

The West Midlands isbsituated in a position which in terms

of rainfall is transitional betweenkthe drief east and wetter
west. Within the general framework rainfall differehcés are
closely correlated with elevation with average totals ranging
trom below 635 mm (25") to above 1000 mm(40") (see Figure 69) X
A distinect rainshadow efféct exists to the east of the Welsh
Uplands particularly in parts of Shropshire and Herefordshire
where annual totals of less than 635 mm are recorded. Examples
of low rainfall afe to be found in the Shrewsbury area stretching
south along the mid—Severn Yalley, in the Avon valley from

the Rugby area to Evesham, and in the Trent valley from
Burton-on-Trent south to Tamworth. North of Shrewsbury into
north Cheshire annual rainfall totals rise to 711=-900 mm which

tends to reflect a decrease in the rainshadow effect of the
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Welsh hills, This is also shown further to the east in the
uplands of north Staffordshire (c.244 m) where the mean annual
rainfall is higher with the isohyet for 1016 mm tending to
follow the 305 m contour, whereas in west Shropshire the

889 mm isohyet corresponds more closely to the 305 m contour,

Smith (195&) notes significant differences in humidities in
the lee of hill masses which further emphasises the rainshadow
effect of the Welsh hills with Shawbury (Shropshire) having
less than half of the humid hours measured at Ringway (near
Manchester) during north-westerly winds, a proportion which
rises to two-thirds with south-westerly winds. . In general
rainfall is fairly well distributed throughout the year,
though in particular years seasonal variations can be very
marked, notably in the summer months when monthly totals are
often inflated by thunderstorm activity. The main characteris-
tics of rainfall considered here are frequency of occurrence
of erosive rains, seasonal distribution and areal distribu-
tion. It has already been noted in Chapter 4 that rainfall
becomes erosive on exposed soils when the rate reaches or
exceeds 1 mm/hr, The meteorological conditions which give
rise to such rainfalls are various but tend to be associated
principally with instability through a deep layer of the
atmosphere brought about by surface heating, with slow moving
cold fronts or troughs or with low pressure over the Bay of
Biscay or northern France. Crossley et al (1964) consider
that all these situations favour the outbreak of storms most
frequently over central, eastern and southern England and
these are usually associated with heavy falls of rain.
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In an analysis of a decade of rainfall at Keele (1952-1961),
Shaw (1962) revealed that approximately 56% of the rain was
derived from tropical maritime airstreams (warm front, warme
sector, occlusion and‘thunderstorm) and at least 28% from

polar maritime airstream (polar maritime proper and polar

low). She provides a more detailed breakdown as followst

rain of warm front origin 23%; from polar maritime airstreams
19%; occlusions 17%; cold front 15%; warm sector 13%;

polar low 9%; thunderstorms 3%; and arctic airstreams 1%,

In terms of erosivity of rainfall a number of important points
arise from these data. Persistence of rain rather than its
high intensity is usually associated with prolonged frontal
rain often with a very strong, moist south westerly airstream,
The quantity of rainfall from an occlusion is u;ually greater
than that from either warm or cold fronts and chart recorders
may show continuous rain for more than ten hours with totals
usually exceeding 10 mm., Such rains in the West Midlands

can be very erosive if preceded by more intensive short-lived
falls which cause widespread sﬁlash erosion. Conditions

such as these produce a large amount of splash derived sediment
as well as causing soil capping in susceptible soils. Capping
increases the risk of reduced infiltration during prolonged
rains and this consequently allows more run-off to transport
detached sediment. Rainfall associated with fronts and
occlusions usually affects large areas and if heavy falls
coincide with periods of maximum soil exposure as 1ln spring
and autumn (winter sown grain), soil erosion can be widespread.
Depending upon surface soil conditions, this type of rainfall
may well cause unconcentrated surface wash and incipient
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confined rilling along tractor and implement wheelings which
run parallel to slope, More spectacular falls of rain occur
during short duration convective storms (typically 1-2 hours
long) and storms which usually have durations of 24-48 hours,

caused by groups of thunderstorm cells.

Reynolds (1978) describes the geographical location of two-hour
storms exceeding 100 mm and 24-48 hr storms which exceed 175 mm,
neither of which categories have occurred in the West Midlands
this century. From the maps showing thunderstorm activity
during the months of May through to September it can be seen

in Figure 70 (Pazes 63, 63a‘ ) that the area with a pronounced
maximum'frequency is enclosed roughly between the Wash, the
Severn Estuary and the Thames Estuary. However, as the
smallest storm areas used to compile these maps were of the
order of 1000 sq. miles, local storms, for which only an

isolated report was available, were excluded from the count,

Soil erosion monitoring in the West Midlands (1967-1979) has
shown that erosion occurs at levels of intensity and duration
much less than those quoted above, Rainfalls of 10 mm cr more
within a 24-hour period are sufficient to initiate erosion

on exposed, compacted sandy soils. Such falls occur both

in frontal situations and thunderstorms. A more accurate
guide to rainfall intensity duration during a rainfall event

is obtained from hourly tabulations and the analysis ofkthese
and daily rainfall records follows in the study of rainfall

in east Shropshire.
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2:4.0 Special Study

Analysis of rainfall in east Shropshire

7.4.1 Introduction

During the West Midland survey attention was focussed on an
area of approximately 800 square kilometres broadly delineated
as east Shropshire lying west of Wolverhampton and reaching

to the Severn Valley at Bridgnorth. Newport and Kinver
respectively locate the northern and southern extremities

(see Figure 71 Page 64). The arable parts of this area

proved to be particularly susceptible to erosion by wind

- and water,

Of the 28 parishes found in this area (see Figure 72 Page 65)
all have more than 50% of their total acreage of crops and

grass under arable cultivation, Some 20 parishes are represen-
ted in the higher category of 70-96% arable. A wide range

of crops are grown but barley, wheat, potatoes, beet, fodder

crops and mixed field crops form the principal enterprises.,

A combination of suitable landforms, light soils and proximity
to a large urban market has encouraged the concentration of
mixed arable farms. Though much of the area is below 150 m
(see Figure 73 Page 66 ) it is well dissected and the steeper
slopes are associated with the outcrops of Triassic and
Carboniferous rocks which form low ridges and plateaux.

Steep slopes characterise much of the Severn-Worfe lowland
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which is predominantly below 91 m and which is one of the
areas having a large acreage affected by soil erosion.

Coarse textured parent materials predominate, being derived
from coarse grained surficial deposits, sandstones and pebble

beds and give rise to extensive areas of sandy soils.

Yarm amalgamation and enlargement of fields, with the con-
sequent loss of miles of hedgerow, have transformed parts

of east Shropshire. Change has been most dramatic in those
parishes which have the greatest acreages in arable. It is

in these parishes and ones where a high proportion of arable
land is developed on sloping terrain that the highest incidence

of s0ll erosion is encountered.

Much of this area receives annual rainfall totals of
558,8-889 mm with the slightly higher totals occurring on the
ridges and plateaux, see Figure 69 (Page 62 ) In seven

out of ten years much of the area experiences a soil moisture

deficit of over 100 mm,

A detailed analysis of daily rainfall records for all available
stations (many of which have 50 years of recorded data) has
been effected to relate maximum falls and spells of rainfall

to periods of the year when cultivation practices render

soils on sloping sites most vulnerable to splash erosion and

run off,

Z.4.2 Rainfall analysis

A computer analysis of daily rainfall records was run for 7
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key stations in east Shropshire with data for periods exceed=

ing 35 yoars together with 6 other stations with records for

more than 20 years., Fourteen years of hourly records for

Shawbury (Shropshire) and Pershore (Worcestershire) have been
analysed to identify erosion thresholds for rainfall events.

The location of Shawbury and Pershore is shown on Figure 69

(Page 62 ) and stations in east Shropshire and adjoining ,

areas on Figure 74 (Page 67 ).

Most soil erosion events have taken place when rainfall totals

have reached or exceeded 10 mm. Analysis of daily rainfall

records (manual gauges) for local stations with over 35 years

of data provides a useful insight into the number of occasions

per annum when daily totals reached or exceeded 10 mm though

this does not imply that all these events were erosive. '
Rather, it enables some eomparison to be made with autographic
data which is available for shorter periods and, where inten- i
sity and duration periods are known, for each 10 mm fall,
Daily rainfall figures for one station, Hatton Grange (s3 766 o43),
near Shifnal, east Shropshire (80 m A.M.S.L., annual average |
rainfall 692 mm, recording period 1907-1977) show that during

the recording period 10 mm falls or more occurred on average

of 15 occasions per annum with high and low values for indi-

vidual years of 30 and 6 respectively. These data are set

out in Table 30.

Throughout the entire recording period there are peaks for
May (101), November (105), October (111), August (112) and
July (116). In any year an increase in the number of rainfall
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Table 30

Hatton Grange, Shifnal, east Shropshire (SO 766 0h3)

(80 m A.S.L.) annual average 692
Recording period 1907-1977 (N = 71)

Summary by months of falls of 10 mm or more

Average no. of events per annum = 15. Total no. of events

(10 mm and more) = 1069, Average per month = 1069 T 12 = 89

with a return period of 1.2M. Median value for ranked monthly

totals = 93.5. Mean deviation = 17.1 Variance 0% = 398.4

Standard deviation 0 = 398.4 = 19.9 Monthly range 116mm - Zh mm

Wettest yeart 1960 1082 mm o " 5% mm
Range 614.4 = 88,.8% of annual

Driest years 1921 467.6mm) average rainfall

Wettest month: September 1976 190.1 mm = 27.5% of AAR

Driest montht Februafy‘i921’ 1.1 mm = 0,16% of AAR

Sourcet Rainfall analysis in east Shropshires A, Harrison Reed
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XK = 4,9 Pan |Feb |Mar |Apr |May |June|July|Aug [Sep |Oct | Nov |Dec,
mm

1 10~14.9 57 39 Ly 39 58 | 51 58 | 55 48 | 73 68 52
2 15-19.9 16 | 15 | 20 8l 23| 23| 27 |31 |19/ 17| 181 19
3 20-24,9 4 2 3 5 9 51 12 | 15 | 14 | 12| 14 7
b 25-29.9 2 3 ) 0 8 2 6 i 4 5 5 1
5 30-34.9 3 0 2 ) 0 2 L 3 3 2 0 o
6 35-39.9 1 0 ) 1 0 1 4 3 2 0 0 1.
7 4oLk, 9 o 0 0 1 1 1 1 0 1 1 0 1
8 4k5-49.9 1 0 ) ) 1 0 2 1 1 0 0 0
950-54.9 ol ol o ol of of of o of of o} o
10 55+ ol ol of of 2{ o 2| of ol 2| o o
Total 84 | 59 | 69 | 54 |101 | 85 |116 {112 | 92 |111 |105 | 81
(ram)

Return [fl.2M|M1,2|M1.1|M1.3|1.4M[2.2M]1,6M[2.5M|2.3M]1.5M|1.4M)1,2)
Period .



events (10 mm) will add appreciably to the risk of soil erosion,
particularly during spring and early summer on exposed or
partially exposed soils. An increase in the nﬁmber of rain-
fall events in the autumn and early winter increases the risk
of soil erosion on compactéd beet and potato fields and can

cause serious damage to land prepared for or sown to winter

grain,

Frequency of 10 mm events and greater are tabléd using a
special notation to denote the return period e.,g. 2M = twice in
one year, M2 = once in two years, M7l once in 71 years. In
Figure 75 (Page 68 ) the frequency of all falls of 10 mm and
greater is shown diagrammatically for each month of the 71 year
period for Newport, east Shropshire, a with class interval

of K = 4,9 mm, For all months the modal class is 10-14.9 mm
with October showing the highest value of 1.1M and February

the lowest value of M2,2, July, however, is the only month
with events in all of the 10 classes designated in Table 31
followed by May(9) and August (8). For events of 25 mm and
greater (Classes 4-10 in Table 31) July ranks highest with

19 and a return period of M3.7 followed by August 12 (M5.9)

and May, October and September with 10(M7.1). February 2

has the lowest ranking with a return period of M35.5. On

the basis of this analysis Autumn sown grain (Sept-Nov)* has

a much greater risk of erosive rains (= 1,4M) than spring

sown grain (Feb-April)* (M1.4) This increased risk is partly
offset by the fact that the hectarage of autumn (winter) grain

is uaually lower in this area in total than spring sown varieties,

———

* depending upon relative earliness or lateness of season,
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Table 31

Newport, east Shropshire (SJ 371320) (64m A.S.L.)

Annual average = 663 Recording period 1907-1977 N = 71

Summary by months of falls of 10 mm or more

K =4.9 Pan |Feb |{Mar |Apr |May |[June|July |Aug Sep Oct |Nov |Dec
1 10-14.9 52 33 34 34 67 52 71 59 52 79 70 501
2 15-19,9 14 5 | 15 9 8 | 18 |18 [ 36 [ 15 { 17 | 24 | 14
3 20-24.9 5 L 2 L 9 8 | 11 | 12 | 10 6 8 3
L 25-29.9 5 1 21 o 3 3 7 4 6 6 4 2
5 30-34.9] © 0 0 3 2 1{ 3 3 3 1 1 2
6 35-39.9 O 1 1 ) 1 0 2 2 1 ) 0 o
7 ho-Lk,9f o 0 0 0 2 1 3 o 0 2 0 0
8 L5-49,9 © 0 0 0 0 0 1 2 0 1 0 0
9 50-54.9 of o o] o 1| o 1] 2} o o 0 o
10 55+ | o o| ol o| 1| of 2 o] o of of o
fot?l 76 | 44 | 54 | 50 | o4 | 83 [119 [119 | 88 [112 [107 | 71
mm i
Return [L.IM|{M1.6{M1.3|M1.4|1.3M|1.2M|1. 7M|1.7M|1.2M| 2. 5M|1.4M|1.0p
Period :
Average no. of events per annum = 14,3, Total no. of events

(10 mm and more) = 1017. Average per month = 1017 &+ 12 = 84,7
with a return period of 1.2M, Median value for ranked monthly
tabie = 85.5,. Mean deviation = 21.7. Variance 02 646.3.
Standard deviation = 646.3 = 25.4. Monthly range 119 - Lk = 75,

Wettest year 1960 861.1 mm

range 410.2 mm = 62% of annual

Driest year 1975 = 450.8 mm average rainfall

Wettest month July 1958 = 181.9 mm = 27% of AAR
Driest month April 1938 = 2,5 mm = 0,003 of AAR

Source: Rainfall analysis in east Shropshire: A, Harrison Reed
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This figure will be decreased further by adverse gutumn weather
which delays and makes cultivation difficult. The high
ranking of May is of particular interest in that fields sown

to sugar beet are at great risk during this month. Whereas
the return period is 1.3M, May renks second to July in that

out of 10 classes of events (Table 31) 9 are recorded with only
the 45-49.9 class missing. When monthly rainfall totals for
Newport are expressed as a percentage of average monthly values,
although all months show a considerable range of values above
and below the monthly average, May ranks highest with a maxi-
mum of 302% and a minimum of 23% and October the lowest with

a maximum of 202% and a minimum 18,5%.

Other analytical procedures which have been adopted to assess
qualitatively the erosive effect of varying rainfall totals
are based on pentad totals and on the summation of cumulative
daily totals during 'wet spells'. Pentad totals which reach
or exceed h% of the annual‘average for the station can be
regarded as erosive when arable soils are in an exposed state.
For example at Hatton Grange during 1976 the pentad total
(September 23-27) reached 84.6 or 12,.2% of the annual average
total and this rain produced widespread erosion, Likewise
spells of wet weather which give cumulative totals amounting
to 5% of the average rainfall for a station can be regarded
as potentially erosive on exposed soils, Both pentad totals
(5 x 73) and periods with measurable rain (wet spells) have

been processed for each main station.

The key factor is the timing of such events with respect to
the condition, state of cultivation and the amount of crop
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cover afforded to the soil surface. It has already been
emphasised that an analysis based on 24-hour rainfall totals
only gives a qualitative assessment of the potential erosive
effect of 10 mm and above falls. However, the analysis of
the data alongside data of hourly falls has shown that when
rainfall reached or exceeds a rate of 1 mm/hr exposed soils
will e:rode. Autographic gauges show that in many of these

10 mm+ events rain falls as short but falirly intense showers.
A daily total of 11.3 mm was recorded on 2nd May 1978 at
Hilton (SO 776959) near Bridgnorth, east Shropshire with

10.6 mm falling within 1.5 hours, causing widespread splash
and run-off erosion particularly on fields sown to sugar

beet. Consecutive hourly rates of 2lmm. 7 mm, 3 mm, (0.5 mm
in 1,7 hours) 27 mm, 2 mm and 3 mm were recorded, and after
an interval of 7 hours 3.7 mm fell in 3 minutes giving an
intensity of 74 mm per hour (2.9 inches per hour). The soils
affected were of the Newport and Bridgnorth series (sandy loams)
and the amount of erosion on each site was correlated to the
extent of soil compaction and the presence of cultivation

lines parallel to the direction of slope which ranged from 4-8°,

Further examples of hourly falls during erosive rainfall events
will be quoted in the following chapter and referred to ground

conditions prevailing at the onset of the storm.

Periods without measurable rain have been summarised for key
stations and for Newport absolute droughts (15 or more days
without measurable rain) occurred on 60 occasions during the
71 years of records giving a return period of M1.2 with the
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longest single period lasting 34 days during August-September
1947, Of significance is the fact that of this total 43%

occurred during the months of March-June.

Unfortunately the data cannot be matched up with wind speed
and direction information fﬁr east Shr0p§hire to assess poten-
tialkwind erosion hazard on arable land during spring and
early summer as this part of the thesis design had to be
abandoned because of equipment malfunction and mistakes in

the selection of recording equipment.

Instrumentation

Equipment to measure wind speed was installed at the Claverley
meteorological station in 1974 (SO 791 942) and linked to

Foster Cambridge six-channel recorders. The site was inspected
and approved by Mr Hogg of the Meteorological Office. Data

on wind speed and other parameters was to be transcribed,
processed and stored on the I.C.L.1903A computer (Polytechnic,
Wolverhampton) as part of a research projecﬁyon evapotranspiration.
Frequent failures by the Foster Cambridge recorders caused
considerable interruption in the supply of Qata from the two
'Casella' cup contact anemometers which were installed at 1 m
and 2 m abhove ground level. However, a large amount of data
(recordings at 15-minute intervals) was incorrectly stored

and 'lost' to other users.

It was planned to install a more sophisticated set-up to
measure wind speed, direction and up-slope down-slope vector
effects using a M.R.JY, wind vector instrument, This was con=
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sidered by the writer to be essential equipment for the
evaluation of wind erosion thresholds, particularly by !k
undulating terrain. In addition, a number of portable

rigs were designed to record wind profilé data in a number

of contrasting sites. This plan has only been partly effected
and in 1976 two M.R.I. portable weather stations were purchased
for a new site at Hilton (referred to in Chapter 8) which
measure wind speed and direction on a thirty-day chart.,

Chapter 7

Summary

1. In this chapter the soils within the region which are
affected by wind and water erosion are identified and their
broad distribution is described. Evidence of erosion on
arable soils is derived from data in Soil Survey memoirs and
records for parts of the region together with personal obser-

vations made by the writer.

2. The reconnaissance surﬁey referred to above cohcentrated
largely on the arable areas of Shropshire, Staffordshire,
Herefordshire and Worcestershire. In these counties most
of the erosion was observed in the intensively arable parts
and because of the size of the area a qualitative statement
of the extent of erosion could only be made on the basis

of chance sitings of erosion damage on fields visible from

the roadways,

3. These sitings followed'fainfall events of 10 mm or more
which fell largely during the spring and early summer and
less frequently during dry spells characterised by strong
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erosive winds. It is evident, however, that a more com-
prehensive picture of the erosional events in an area can
only be achieved through detailed monitoring on a field to
field basis and this has been attempted for parts of east

Shropshire and is the subject of the following chapter,

4. To be effective, monitoring of this type needs to be
backed up with an analysis of rainfall in the area under
study. A comprehensive analysis of daily rainfall data
(manual gauges) has been made for east Shropshire, together
with an analysis of hourly falls for Shawbury (Shropshire)
and Pershore (Worcestershire). This analysis demonstrates
that most erosion occurs when rainfall amounts reach or
exceed 10 mm within a 24-hour period when rain falls at a

rate which reaches or exceeds 1 mm per hour,

5« Survey work has shown that soil erosion takes place every
Year in parts of the intensively cultivated arable areas of
the region, and although the area affected is small in total
it is nevertheless very significant as it often affects high

grade soils and tends to re-occur frequently on the same site.

6. A wide range of soil series are affected and these are
characterised by sandy and silty textures, Some series have
inherently weak structures and here the problem is exacerbated
by continuous arable cropping and increased compaction from
farm machinery. It is clear that locally increased erosion
risk has been brought about by enlarging fields and this is

a particular problem where field amalgamation has increased
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the length of slope or increased wind fetch. A detailed
study of field boundary changes has been made for three
parishes in east Shropshire and this is described in the

following chapter.
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Chapter 8

Soil erosion monitorins: a ten-vear survey of soil erosion

in the east Shropshire parishes of Claverley, Rudge and

Worfield (1967-1976)

8.3

8.4

8.4.1
8.4.2
8.4,.3
8.4.4

8.5

Introduction,

Soil

Soil

erosion monitoring 1. Techniques.

erosion monitoring 2. Ten-year survey in the

parishes of Claverley, Rudge and Worfield (1967-1976).

Soil

soil

Case

Case

Case

Case

erosion monitoring 3. Case studies of selected

qrosion events during the survey périod (1967-1976).
study 1, Erosion events during 1967.
study 2, Erosion events during 1968,
study 3. Erosion events during 1969,

study 4. Eroéion events during Autumn 1976.

Summary.

220,



Chapter 8

w0

0il erosion monitoringt a ten-vear survey of soil erosion

n _the east Shropshire parishes of Claverley, Rudge and Worfield

=

(1967-1976)

8.1 Introduction

In this chapter the results of a ten~year erosion survey of
arable soils are analysed for the east Shropshire parishes

of Claverley, Rudge and Worfield and are considered against

a background of changes in the agricultural landscape and in
farming practices in this area. The methods used in soil
erosion monitoring are described and their limitations noted.
Case studies of the occurrence of soil erosion in the parishes
are considered fof specific years and months during the survey
period. The location of the three parishes is shown on
Figures 71 and 72 (Pages 64, 65). The total hectarage

of crops and grass for each parish is listed in Table 32,

This part of east Shropshire is intensively farmed with 96%

of the available land in agricultural use. In contrast to

the other parishes on the periphery of the West Midlands
conurbation very l1little agricultural land has been lost to

other uses in the post-war period. There are differences

too in the size of holdings which tend to be smaller in those
parishes closest to the conurbation (Pattingham and Trysull

and Seisdon) where ovef 50% of the farms are less than 20 hectares
(89%, 91%, 924 respectively) and have over 50% of the area

in farms 100 hectares (42%, 62%, 68% respectively),
Table 32 shows that only 3-4% of the area in Claverley, Rudge
and Worfield have farms of less than 20 hectares and 42%,

64% and 68% of the area respectively in holdings over 100

hectares. 221.



Table 32

Sizé of holdings in the parishes of Claverley, Rudge and Worfield

Parish 20 ha 20-40 ha 40-100 ha 100-200 ha 200 ha

% % % % %

Areal|No.| Area|No.| Area|No.| Area|No.|Area |No,

Claverley | 3 |21 | 8 9 |47 |24 |35 8 {7 1
Rudge 0 0o |11 1 |27 1 |62 2 0 o}

Worfield L |16 | &4 s lah 11 |37 9 |31 b

Source: (June census 1975) M.A.A.F.

The landscape of the parishes is characterised by a gently
undulating terrain which is underlain by Triassic Sandstones
and Pebble Beds with smaller areas of Carboniferous rocks
(Enville Beds) in the southern part of Claverley. Varying
depths of sandy, stony drift mantle the solid geology and
gives rise to soils which are dominantly sandy, easily
worked and freely accessible for cultivation throughout the
year., Over 60% of the agricultural land (6682 . hectares

of crops and grass) in the parishes is under arable farming

with the principal crops being barley, sugar beet, potatoes and

wheat,

On the Agricultural Land Classification map for the area

(Sheet 130 Kidderminster) over 50% of the agricultural area
of the three parishes is recorded as Grade 2 land with over
80% of the remaining area being dominated by Grade 3. This

broad distribution is illustrated in Figure 76 (Page 69 ),
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wvhich shows no Grade 1 land occurring in the three parishes.
Hollis (1978) maps a high proportion of the Claverley sheet

as Class 2 in the Land Use Capability Classification (see
Figure 77 Page 70 ). Class 2 land dominates this 100 km®
sheet which incorporates most or all of the parishes of
Claverley, Rudge, Worfield, Pattingham, Trysull, Seisdon and
Bobbington, together with smaller parts of other adjoining
Shropshire»and Staffordshire parishes. Of the remaining

area Class 3 land makes up over 85% of the total with the
remainder being Grade 4 (wet) and Grade 5 (steep slopes) which
preclude normal cultivations. The latter are usually associa-
ted with minor escarpments and the steep banks of the River
Worfe and its tributaries. A high degree of mechanisation

is found on most of the arable enterprises and this in turn
has contributed to significant changes which have taken place
in the agricultural landscape in the post-war period, Increased
mechanisation on farms has led to a major reorganisation of
field boundaries with the loss of miles of hedgerow in this
part of Shropshire, The increased weight of tractors and

equipment has led to mounting problems of soil compaction.

The changes since 1947 in field boundaries in the three parishes
are summarised in Figure 78 (Page 71). The most significant
changes encompass the older enclosed areas around and between
the villages of Claverley and Worfield, This is also the area
in which farms have a higher proportion of their land in slopes
and there is a marked correlation here between incidence of

soil erosion and the enlargement of fields which resultsin an
extension of slope length, One particular probleﬁ arises
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where small banky fields which have strongly sloping facets
(8 - 110) are amalgamated to much larger units of moderately
sloping land (h-?o) thus resulting in a larger catchment for
potential run~off which becomes concentrated on the steeper
slopes. Some of the most serious examples of soil erosion

by water have resulted from the combination of these slope facets,

Land which was predominantly enclosed during the 19th century
which in this part of Shropshire was mainly heath, was laid
out in relatively large field units (for example Rudge Heath
and the area east and south-east of Bridgnorth - the old
Forest of Morfe). Such areas have experienced little change
in field boundaries. Other notable areas of field change

can be identified along the valley sides of the River Worfe
south of Stableford (SO 760 986) and east of its Junction
with the River Severn from Rindleford (SO 737 956) to

Roughton (SO 755 942),

Many of the larger arable farms follow a five course rotation
of three years of cereals followed by potatoes and sugar beet
with only an occasional period of ley grass. Therefore very
little organic matter is returned to the soll and the practice
of burning off stubble further reduces available bulk organic
matter, Sandy soils are inherently low in organic matter and
the practice of continuous arable cropping tends to exacerbate
this situation, These changes have in turn led to widespread
soll structural problems particularly loss of structure and
capping, severe surface and sub-surface compaction and the

formation of demnse plough pans., Such changes tend to reduce
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the infiltration rate and capacity of soils and increase tke
risk of run-off and erosion. In this area there is a corre-
lation between farms which are continuously cropped and the
incidence of soil erosion and this becomes very marked where
a significant area of the farm is characterised by moderate
to strongly sloping land (u-11°). It is against this back=-

ground that the soil erosion survey was carried out.

8,2 Soil erosion monitoring 1, Technique

The task of monitoring erosion within a sizeable area is an
immense one which can only be partially offset by utilizing
aerial photography and by delimiting the sites which tend to

be most susceptible to erosion, The difficulties of monitoring
are further exacerbated by the fact that evidence can be

quickly eradicated by cultivation and partially masked by

crop growth. Unless airphotography is specially flown for
erosion survey work most sorties that are available at the

scale of 1110560 are of limited value as only examples of

gully erosion can be easily identified, even accepting that the
investigator is lucky enough to have access to photography

which has been flown immediately after an erosion episode.

It is, therefore, essential that the survey area can be monitored
within a few days of an erosion event taking place so that an
accurate assessment can be made of the area affected. The
fact that monitoring of erosion in this way is rarely carried
out in the United Kingdom accounts for the continued under-
estimation of soil erosion hazard and for the belief that its
occurrence is spasmodic and localised. Of the wide array of

airphotography examined only two sorties had been flown
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shortly after an erosive event, One was for an area outside

of the West Midlands and the other referred to below was of a
site already photographed from the ground, together with’a
series of obliques taken from a Royal Air Force helicopter.
The value of a combination of vertical and oblique photography
in erosion studies can be seen from Figures 79 and 80 (Pages 72,
73) wvhich show widespread damage to fields of sugar beet and
potatoes, Both photographs show an area affected by unconfined
gully erosion which follows the long axis of)a well=defined
depression or miniature asymmetric valley feature (steepest
slope facet 6°). Cultivation lines run parallel to the

main~ slopes* and confined incipient rill erosion along

tractor wheelings channelled large amounts of run-off into

the main spill-way, Three large areas of deposition can

be identified, the largest of which is shown on Figure 81

(Page 74 ). These are points where ponding of run-off took
rlace and were characterised by a large number of well-defined

deltas which formed along the margins,

Examples such as these have been used to build up an 'inventory!
of types of erosion and depositional damage in arable fields,
This forms useful background information which permits a more
accurate assessment of airphotographs and provides a useful

base for teaching and research,

In the absence of aerial-photo cover reliance must be placed on
ground photography and in this survey each major event was
recorded, usually both in colour and monochrome. With ground
photography it is more difficult and at times impossible, to

find a satisfactory angle which shows the whole erosion sequence.

* on either side of the asymmetric valley feature,




The effectiveness of soil erosion monitoring is related to the
availability within the area under study of adequate rainfall
and weather data. Reference has already been made in Chapter 7
to the analysis of daily rainfall records for a number of

key stations in east Shropshire. Such records become much

more useful when compared with autographic data for known
erosive rainfall events. As no autographic data was avall=-
able for the study area it became necessary to establish a

meteorological station which was located at Claverley.

Instrumentation

Autographic records commencéd in 1967 with the installation

of a Casella Natural Siphon Rain Gaugé with an 8" diameter

ring (20,3 cm) at Claverley (SO 797 936) together with a
standard Smowdon 5" (12.8 cm) check gauge. Despite the
disadvantage of a weekly chart with a movement of 3,7 cm per

day it was possible to record duration of rainfall.

The slow chart speed caused trace l1ines to merge during heavy
falls, a disadvantage which was not rectified until 1972 when

a Dines tilting siphon gauge became available (chart speed 11 mm
per hour on a 24 hour chart). Apart from periods of mal-
functioning, this gauge provided a valuable record of rainfall
events in the Claverley area. Hourly falls at Shawbury were
compared along with data for Pershore, Worcestefehire. At

the meteoroiogical station, Claverley, a Plessey type 46
tipping bucket gauge was installed (each tip = 1 mm), with

a collecting area of 150 cm, This proved to be most unreliable
as réinfall amounts less than 1 mm went unreéorded.
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In 1976 a new recording site was set up at Hilton (so 782 949)
equipped with a Hellmann Autographic raingauge with a chart
drive mechanism (20 mm per hour on a 3l-day clock) . After
siphoning rainfall every 10 mm, the water is stored in a

large check container. Also, for the first time it was possible
to record wind speed and wind direction using a M.,R.,I, portable

weather station.

Data from a number of raingauges, together with bought-in
records from the Meteorological Office (hourly and daily
falls) form the basis of the analysis of erosive rainfall
events and the case studies referred to in the last section

of this chapter,

One major advantage was living more or less in the centre of
the area being monitored as this facilitated a comprehensive
search for eroded sites after an erosive event. After a
period of monitoring it became evident that a rainfall of

10 mm or more where the rate reached or exceeded 1 mm per

hour was sufficient to cause erosion on exposed or partially
exposed soils, In the case of wind erosion, wind speeds

of 25 knots and over would prove erosive on sandy soils on
exposed fields during dry spells of weather, After an erosive
event attention was focussed on those areas of known suscep=
tibility to erosion depending upon the degree of soll exposure
and the type of crop being grown at that particular time.

Site characteristics, (soil type soil-surface characteristics
and degree of compact;on, slope cultivation direction and
management practices) were noted and the type of erosion
recorded, together with the dimensions of channels and deposi-
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tional sequences, It soon became evident that there were
a number of sites which were particularly susceptible to
erosion, Predictably these were found along the margins of the
. Worfe Valley and on the dip slopes and scarp-slopes of the
more prominent ridges., More prolonged rainfalls ()20 mm) or
wet spells tended to affect a wider area with fields or more
gentle slopes being affected, Each eroded site was recorded
and entered on a 13110560 map and this information forms the

basis of the analysis of erosion at the parish level which

follows below.

8.3 Soil erosion monitoring 2. Ten-yvear survey in the parishes
of Claverley, Rudse and Worfield 1967-1976

In this section the tentative results of a ten-year erosion
survey of arable soils are analysed for the parishes of
Claverley, Rudge and Worfield, east Shropshire. The figures
set out below (see Table 33) represent a conservative estimate
of the total hectarage affected by erosion during the period
1967-1976 and it is probable that the figures quoted represent
an underestimate of total erosion as there were occasions

when it proved impossible to monitor the entire area after
closely spaced rainfall events. Of the total arable hectarage
of each parish 17%, 27% and 38% respectivelywere affected by
both wind and watér erésion. These data were compiled by
summing the hectarages of all the fieids eroded in each parish
during the stated period. The location and distribution of
these fields in each parish is shown in Figure 82 (Page 75 )
with the greatest concentration being centred between the
villages of Claverley and Worfield. Two other marked con-
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Table 373

East Shropshire parishes - Claverley, Rudge, Worfield

Total hectarage affected by accelerated erosion (1967-1976)

based on Earish agricultural statistics for 1262v

Parish Total Hectarage Total Hectarage Total Hectarage Wind Water -
Crops and Grass Arable Eroded Erosion Erosion

1. Claverley| 2952 1780 492 (27%) 12% 88%

2. Rudge 483 296 50 (17%) 6% ol

3. Worfield 3247 2021 782 (38%) 33% 66;?3

Sourcet Field work (monitoring survey)




centrations lie east of Quatford and around Ackleton., The
significance of these concentrations will be discussed below,
As the actual removal of soil by erosion affected only half the
area of some fields, the figures quoted represent a qualitative
statement of the area affected by erosion rather than the

total area of eroded soil. These figures reveal only part

of the srosion story as they represent one erosion event per
field during the decade, For example, a proportion of fields
have beeﬁ eroded on more than one occasion during the decade,
The frequency of erosion is shown in Figure 83 (Page 76 ) on

a field to field basis in five categories, Of the 267 fields
affected 38,6% (103) were eroded on one occasion during the
survey period, 28.5% (76) on two occasions, 19,5% (52) on
three, 4,8% (13) on four and 8.6% (23) on five or more occasions,
Some fieldé in this latter category have registered up to 15
occasions during the decade. This group tends to be found on
moderate to stromgly sloping land (4-11°) along the valley
sides of the River Worfe and its tributaries, particularly on

fields which are in continuous arable cropping.

Four main concentrations of eroded fields can be identified on
Figure 82 (Page 75 ) with the largest being centred in the area
between the villages of Claverley and Worfield. Other smaller
clusters of eroded fields are located around the village of
Ackleton in the north, to the east and north of Bridgnorth and
to the south east of Quatford. | When this distribution is
examined in terms of relief and slope, soil type, land use

and land capability, a number of marked relationships become
evident., On Figure 84 (Page 77 ) the distribution of eroded
fields is shown in relation to relief. The marked concen=
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tration of eroded sites centred between the villages of Claverley
and Worfield follows the valley sides and shoulders of the

River Worfe and its tributaries largely between 4s and 76 m, O0.D.
Just below 76 m (250-ft.) the main dissected area of the

Worfe valley is enéountered. This is an area dominated by
complex slopes which steepen locally to over 15°. Although
these steeper facets are rarely in arable cultivation there

are many arable fields with slope facets in the 10-15° class,

It is largely in this area and to the south of Worfield in a

dry valley system where continuowsly cropped fields tend to

erode every year with both wind and water erosion being:

frequent occurrences,

To the north, around the villagé of Ackleton, eroded sites

are distributed around the main valley of the Worfe in the

west (at 45 m) and across a major interfluve (76-91 m), then
descending to a tributary valley to the east, Here and to

the south of Ackleton on a wedge shaped interfluve area many
fields have been enlarged and this factor has undoubtedly led
to increased erosion hazard. An intermittent line of eroded
sites is found along the dissected scarp and dip slope of the
outcrop of Keuper Sandstone and pebble beds, most of which
lies above 91 m (300-ft.). South=east of Quatford a cluster
¢f eroded sites is centred on the 'newly'! enclosed (Parliamentary
enclosure) area of the ancient Forest of Morfe on the dissected
outcrop of the Bunter Pebble Beds. Here and to the east and
north of Bridgnorth wind erosion 1s a particular problem during
dry windy periods in spring and early summer., On the more
exposed dip slopes of the Keuper outcrop which parallels the
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Severn Valley north of Bridgnorth periods of wind erosion have
cccurred on exposed arable soils during very cold spells

when frozen soil particles have been saltated by strong

winds,

There is a close correlation between soil type and the distri-
bution of eroded fields shown on Figure 82 (Page 75 ).Over

80% of the eroded sites contain soils of the Brown Sand group
with Newport and Bridgnorth series being the dominant repre-
sentatives, The remainder is made up of Brown Earths with

the main series represented being Bromsgrove, Wick and Arrow
soils, The full list of soil series affected is shown in
Table 34, which is adapted from the classification of soil
series on the Claverley sheet (SO 79/89) of the Soil Survey#*
which cofers Approximately two=thirds of the area under study,
The writer completed a reconnaissance map of soils in the

three parishes in 1972 at the scale of 1125,000, Since then
some of the old series names have been changed and new ones
introduced and the most recent titles are included in Table 34,
All the soils represented are dominantly sandy (sand,'loamy
sand and sandy loam) with only one, a minor representative,

the Hodnet series being of clay loam texture. The Bridgnorth,
Bromsgrove and Newport series all have representative phases
which are stony, Some of the represented series (Bromsgrove,
Shifnal, Wick Arrow)have coarse loamy textures. These soils
by American standards are considered to be of low erosion

risk when compared to soils high in silt. However, the monitore
ing survey in the three parishes has shown that a combination
of site, land use and managerial practices interact to pro-

duce a high erosion risk on these soils,
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Table 34

Soil series susceptible to erosion in the parishes of Claverley,

Rudge and Worfield, east Shropshire

Soil Group Soil Sub Group Soil Series Texture
Brown Earths Typical Brown Bromsgrove Sandy loamy
Earths (Shifnal) Sandy loam
Wick Sandy loam
Gleyic Brown Arrow Sandy loam
Earth
Brown Sands Typical Brown Bridgnorth Sandy loam -
Sands loamy sand
Newport Sandy loam =
, loamy sand
Rudge) Sandy loam
Ebstree) Loamy sand -
sand
Argillic Brown Stagnogléyic Hodnet Clay loam
Earths Argillic Brown Salwick Sandy loanm
Earths (deep sandy
phase)
Podzols Typical (Humo= | Crannymoor Loary sand
ferric) Podzol | Delamere Loamy sand
Sandy Gley Typical (Non- Blackwood Sandy loam to
Calcic) Sandy loamy sand
Gley soils
Sourcet Adapted from Hollis (1978) Claverley Sheet SO 79/89

Soil Survey.
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Ho;lis (1978) identifies eleven series on the Claverley sheet
which he considers to have minor risk of erosion and two others
which are liable to topsoil slaking and capping (Quorndon and
Blackwood series). The distribution of these solils for the
area he mapped is shown in Figure 77 (Page 70) which is a
simplified version of his land capability map. There is a
good correlation between the distribution of eroded sites
shown on Figure 82 (Page 75) and the map of soils with minor
erosion risk adapted from Hollis (Figure 77 Page 70 ) with the
exception of the eastern part of the parishes of Claverley and
Rudge. Although many sites have been recorded in this area
of splash erosion and minor rill activity along tractor wheel-
ings the latter has been limited to very small areas of the
fields where farm traffic has been particularly heavy. The
fact that this area i1s less dissected and has a higher pro=-
portion of gentle slopes and has had less field amalgamation

may be considered as contributory factors in reducing erosion

hazard,

The land use capability classification scheme of Bibby and
Mackney (1975) records the suitability of land for agriculture
under a moderately high level of management and not necessarily
on its present land use. A problem arises here.when consider~
ing the implications of the term moderately high level of
management, It can be argued that this relates to the pro-
duction of consistently high yields of crops and keeping the
soil in good heart, However, such management often includes -
practices such as up=-down hill cultivation which today pose

a much greater erosion risk because of the high degree of

compaction from heavier farm machinery. Actual erosion risk
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is, therefore, heightened by a combination of site factors,
cropping and management practices and the chance occurrence

at a sensitive period of cultivation or crop growth of erosive
rain or wind, It is this complex interrelationship of
factors which have combined to produce the pattern of eroded

fields shown in Figure 82 (Page 75 ).

8,4 Soil erosion monitoring 3, Case studies of selected soil
erosion events during the survey period (1967-1976

In this section a number of case studies are presented which
aim to show that although the risk of soil erosion in 'normal
seasons' may only be slight, the risk increases significantly
during adverse seasons. The latter may be defined in terms
of soil erosion hazard as spells of abnormal weather which may
last a few weeks, a season or even a year, as for example 1968,
In most cases rainfall totals for such periods are above average
or conversely in the case of wind erosion well below average,
For 'normal! seasons rainfall totals are usually average or .
slightly beiow average, though the season may experience some
erosive rainfall events associated with short wet spells or

local thunderstorms.

The years 1967-~1969 have been selecfed as each proved to be
notable in termi of the number of erosive events which occurred
in each Year.andA:ﬁdividual months, as for example May 1967 and
1969, when an above average frequency occurred of hourly rain-
fall at rates exceeding 2 mm per hour, This period also
emphasises the fact that erosion hazard is not limited only to
adverse seasons which may have a long return period.

’
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In lowland Britain 1968 was considered to be exceptional in

the adverse weather which affected agriculture and wind erosion
was acknowledged for the first time to be a major problem

in eastern England, In the West Midlands water erosion

proved to 59 the most ﬁidespread and damaging énd in this
respect 1967 and 1969 can also be regarded as notable. The
case studies also show that erosive rainfall events can Se

well distributed thrbughout the year. It has already been
emphasised that the timing of arrival of adverse weatﬁer is

all important in terms of potential erosion hazard and this

can be demonstrated by Table 35 and Table 36,

Data for Newport, east Shropshire (Table 35) shows that during
the ten-year survey beriod 1967-1976 May had the highest total
rainfall for the decade (724,4 mm), the highest single monthly
total (178,3 mm) and was ranked second (November = 18) with
17 rainfalls of 10 mm or more. May also ranked second highest
with a monthly range of 16&;3 mm (maximum 178.3 mm, minimum
14.0 mm) during the 71 years of records at Newport, Rainfall
intensities are often notably higher in May with an increase

in the occurrence of rainfall rates of over 2 mm per hour,

The significance of fhis data is more apparent when examined
alongside Table 36 which shows diagrammatically soil erosion
susceptibility during eabh month of the year, It can be

seen that the early summer months are'partichlarly‘susceptible

as a large hectarage of arable land has dnly part  protection

from crop cover,

In Table 35 the importance of November is apparent as the
month has the second highest rainfall total for the decade
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Table 35

Distribution of the wettest and very driest months (1967-1976) for Newport (Harper Adams)

(s.J. 712204)

Elevation 64 metres

Annual average rainfall 663 mm

Jan Feb Mar April |May June July Aug Sep Oct Nov Dec
1967 (21.3)|115.6
1968 124,71 (27.4%)
1969 178.3 (10.4)
1970 (20.1) 133.1
1971 (19.6) 104.7
1972 (32) 88.1
1973 (17.4) 108.6
1974 (8.7) 92.9
1975 |61.7 (18.4)
1976 (12.1) 153.2
Annual |55.1 | 41.4 |34.7 |44.4 |56.3 [50.1 | 67.5 | 67.8 |58.7 | 63.% [62.9 | 59.hk
Averagsd
Ten Yr.573 462 426 423,.5 |724.4 {419 567.7 | 546 628 515.2 | 64h . 4| 491.6
Total
Ranking 4 9 10 11 1 12 5 6 3 7 2 8
Falls |8 8 7 7 17 9 - 11 11 13 8 18 10
gf 10mm+
Ranking 7 l 7 8 8 2 | 6 h L ! v 1 e S




(644 .4 mm) and the third highest individual monthly total
(133.1 mm) but has the greatest number of rainfall events

of 10 mm or more (18). Adverse weather during November

can be particularly damaging to land severely compacted during
beet and potato harvesting and depending upon the favourable
nature of the autumn season large hectarages of winter grain

can be at risk,

Finally, autumn 1976 has been selected as a case study because
of the exceptional conditions which prevailed. September

was a notable month with the second highest monthly total

of 153, mm, Six very erosive rainfall events took place'
which produced widespread and serious erosion, Some of the
highest hourly rates were recorded during the entire period

of monitoring.,

In the remaining years periods of erosive activity were less
marked but each year produced some recordable events with
the areas affected being mostly on sites where erosion had

been previously recorded.

8,4,1 Case study 1t Erosion events during 1967

Analysis of rainfall data for a number of key stations referred
to in Table 38 reveals that on average fifteen rainfall events
were recorded during 1967 (a rainfall event is a daily total
which reached or exceeded 10 mm), Of these, seven proved to
be erosive and the average rates per hour are catalogued in
Table 38, Of the remaining eight rainfall events, five proved
to be non-erosive as the rate of rainfall failed to reach the
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Table = 36

S0il erosion susceptibility related to crop calendar for

east Shropshire

Cropl

WATER EROSION

——
Fallow

Vegetable g

Catch crops

Potatoes M,

Potatoes E,.

[

- - e ow an =

Sugar Deet

Grain (S)

Grain (W)

Illlﬁ

.onths

J[uluu

10 11 12

8 9

s0il

Conditions

Capping
Run-~off

Compaction

Months

Grain (S)

2
il

3
11T

Sugar Beet

Potatoes I,

Potatoes M,

Catch crops

TN

#
[}
]

I

Vegetables

Fallow

Crop WIND EROSION

Notess l ““l Period of erosion suscep-
. . : l tibility - includes

Grain (S) Spring sown grain

Grain (W)

Winter sown grain

preparation, early stages of
rowth and harvesting
?potatoes and sugar beet)
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level of 1 mm per hour. The other events took place in
August and September when érop cover was at its maximum and
the effect of erosive rainfall was minimised, Two minor
periods of wind erosion were recorded during March and April,

each of which affected a small area of exposed 'banky! fields,

In addition, rainfall during the months of May and October
proved to be notable with May being the wettest in England
and Wales since 1773 and October the second wettest since
1903 (following October 1960). Both months were marked by
a number of erosive rainfall events which resulted in wide-
spread soil erosion in the study area, Moét of the record-
ing stations show high values for pentads 25=30 (May 1st to
30th) with rainfall totals between 17%and 20%of the annual

average total for the station representing a 10-13% deviation,

In Table 37 a summary of rainfall for Shawbury is presented

as this station has a complete set of hourly rainfall data
since 1965, 1In terms of site characteristics and annual
average rainfall it closely resembles stations in the research
area, In this respect it can be used as a 'bench mark' station
and hourly rates compared to those for Claverley and Hilton,
It can be seen (Table 37) that the mean monthly rate of rain-
fall can be used as a guide to the potential erosiveness of
rainfall when the rate reaches or exceeds 1 mm per hour.

The figures for Shawbury record seven months with a mean rate
reaching or exceeding this value. The wettest month May
(1%0.4 mm) had a mean rate of 1.4 with 105 occasions when the
hourly rate reached or exceeded 1 mm per hour, October, the

second wettest month (105.5 mm) had a mean rate of 1.4 and
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92 occasions when the hourly rate reached or exceeded 1 mm
per hour. When compared with rainfall stations in the study
area, the only anomaly in the Shawbury data is for the month
of June which records the high mean rate of 3.6 mm per hour,
which in part derives from one localised thunderstorm which

missed the study area.,

Differences in station totals for erosive rainfall events
reflect in part differences in elevation notably for Enville
(99 m) and also inflated totals from chance heavy falls
associated with localised thunderstorms (C.F. event No.6
Table 38 - Hilton 37.6 mm Enville 3 mm)., Frontal rains
assoclated ﬁith eastward moving depressions usually bring a
more even distribution (events 8 and 9) though the rain is

more prolonged, ‘
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Table 37

Summary of hourly rainfall values for Shawbury 1967

(ST 553 220) Elevation 72 m

Annual average 660 mm

Duration|Total Mean Rate|Actual Number
(hours) |Amount| Rate per |rate 1 mm|of
mm per hr,|hr. |per hr. events of
mm¥* | or more 2 10 mm
Jan 30.9 2k.5 0.792 30 8 0
Feb 64.3 65.0 1,01 50 | 26 3
March | 31,9 4i.3 1,29 Ly 13 1
April | 22.9 16.4 0.716 19 2 0
May  [100.5 140.4 1.397 |105 [ 43 3
June 11.6 42,0 3.620 16 7 1
July 35.1 49.9 1.222 38 | 10 1
Aug | 33.8 30.6 | 0.905 | 3% | 10 0
Sep 3h4.2 89.9 | 1.658 | 51 | 35 1
Oct 77.2 105.5 1.366 92 | 37 L
Nov k7.9 42.8 0,893 36 | 10 1
Dec 57.7 54.99| 0,951 | 40 | 20 1
Totals|568 hrs |692.2 Average |555 |221 16
mm 1.2 mm
Sourcet Hourly rainfall returns for Shawbury, Meteorological

* When rate reached or exceeded 1 mm/hr,

Office.

243,



Table 38

Calendar of Soil FErosion events in the monitored area for 1967

Event 1t 27 February

Splash erosion on recently prepared land sown to spring grains,
Unconcentrated surface run-off and localised incipientvconfined
riliing. Only a small hectaragé of grain alreadyksown by

this date.,

Rainfalls Claverley 16.7 mm in 10.5 hours (average rate 1.6 mm/hr)
Shawbury 18,9 mm in 12 hours (average rate 1,6 mm/hr).

Hilton 17.8 mm; Hatton 17.8 mm{ Enville 17.0 mm;}

Bridgnorth 26,7 mm,

Event 23 8 March

Splash erosion and unconcentrated surface run~off on newly and
prior sown spring grain. Some localised unconfined rill

erosion,

Rainfallt = Claverley 20.3 mm in 15 hours (average rate 1.4 mm/hr),
Shawbury 21,0 mm in 21 hours (average rate 1,0 mm/hr).

Hilton 15.5 mm; Hatton 13.7 mm; Enville 24,1 mm;

Bridgnorth 12,7 mm,

Event 3t 17-19 March

Localised wind erosion on exposed banky fields sown toAspring
grain near Worfield and east of Quatford (no data on wind speed).
Rainfalls  Only 2,3 mm in 7 days of strong drying winds.

Dry period lasted until 24th,

Event 43 L4-8 and 21 April

Spasmodic soil blowing on newly sown beet fields with small
areas of seed uncovered (no data on wind speed).

Rainfallt 0.5 mm in ten days.
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Table 38 continued 1

Event 51 11=-16 Mavy inclusive

Erosion period commenced with widespread splash erosion,

Confined rill erosion affected sloping fields of emergent

sugar beet, Marked confined rill development on steeper

slopes 6° sown to potatoes. ‘

Rainfall: Claverley 76.1 mm in 42.3 hours (average rate 1.8 mm/hr)
Shawbury 61.8 mm in 41.2 hours (average rate 1.5 mm/hr) .

Hilton 62.,3; Hatton 85.3; Enville 70.6 mm; Bridgnorth 78.5 mm.

Event 6: 18 July

Further confined rill erosion primarily on sites affected by

Event 5 predominantly sugar beet fields, Spraying operations
left deep wheelings on some fields which eroded rapidly where
slopes exceeded 8%,

Rainfalls Claverley 16.1 mm in 2 hours (average rate 8.05 mm/hr) .
Shawbury 10,2 mm in 1.1 hours (average rate 9.3 mm/hr) «

Hilton 37.6 mm in 4.2 hours (average rate 8.9 mm/hr) .

Hatton 20,8 mm; Enville 3 mmj Bridgnorth 11.7 mm.

Event 73 18 October

Splash erosion and unconcentrated surface run-off on newly
drilled winter grain (only small hectarage planted to date).
Well developed confined rill erosion. Confined gully erosion
on three fields where potatoes had been harvested (58°).
Rainfalls Claverley 32.5 mm in 14.3 hours (average rate 2.2 mm/hr)
Shawbury 28,7 mm in 12.3 hours (average rate 2.3 mm/hr) .
Hilton 31.5 mmj; Hatton 31,0 mm; Enville 60,5 mmj}
Bridgnorth 33.3 mm,

Event 8¢ 30 October

Splash and confined rill erosion on newly sown winter grain,
Confined and unconfined rill erosion on well compacted ground

after potato harvesting,

Rainfall: Claverley 10,2 mm in 8.4 hours (average rate 1.2 mm/hr) ,
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Table 38 continued 2
Shawbury 12,6 mm in 9 hours (average rate 1.4 mm/hr),

Hilton 9.7 mmj; Hatton 1l.4; Enville 10,7 mmj;
Bridgnorth 10.7 mm.

Eventl9: 5 November

Localised well developed rill erosion affecting sites noted

in Event 8 as well as on compacted sugar beet fields where
harvesting was under way.

Rainfall:s Claverley 11,0 in 9.8 hours (average rate 1,1 mm/hr),
Shawbury 17.4 mm in 10,7 (average rate 1.6 mm/hr),.

Hilton 10,7 mm; Hatton 8,9 mmj Enville 13,2 mm;

Bridgnorth 14,2 mm,
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8,4,2 Case Study 2: Erosion Events during 1968

Reference has already been made to 1968 as an outstanding
year for notable rainfall events (see Page 101 Chapter 5).
It was also characterised by severe wind erosion in eastern
England during March and April. The year proved to be a
notable oné in the West Midlands and in the study area out
of an average of 23 rainfall events 17 proved to be erosive.
However, only 12 are described here in Table 40 as the
remaining 5 were outside of the study area. Four events
which occurred in January, February and December were associlia-
ted with heavy snow falls and the‘run-off from melted snow,
Where rapid snow melt was accompanied by heavy rain, run-off
over partially frozen ground was considerable with resulting
erosion on unprotected arable land. There were two periods
of wind erosion which were the most damaging recorded during

the ten-~year surﬁey.

Not only were there more erosive rainfall events which affected
a wider range of slopes and crops but these events were well
distributed throughout the year. ‘fhere was also é greater
incidence of well developed confined and unconfined rill erosion
and several examples of confined and unconfined gully erosion.
On level sites splash erosion produced marked accumulations of

clean washed sand along cultivation lines,.

Using Shawbury as a reference station it can be seen from
Table 39 that there were seven months when the mean rate per
hour exceeded 1 mmj; a similar figure to 1967. However for

1968 there is a greater concentration of events in the period
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Table 39

Summary of hourly rainfall values for Shawbury 1968

(s3 553220)

Elevation 72 m

Annual average 660 mm

Duration|Amount | Mean |Rate|Actual No., of
(Hours) |(mm) Rate per |rate of | events
mm hour|l mm 210 mm
per hr,|mm¥* . |per hr.
or more
Jan 90,9 64,3 0.707 41 | 20 2
Feb 30,1 21.5 0.714 9 7 1
March | 33.8 32.2 0.953 28 | 11 0
April | L40.3 48.3 - | 1.199 28 | 14 1
May 55.0 82,7 | 1.50% 41 | 21 3
June 44,1 81,7 1,853 Lo | 23 3
July | 4.2 |120.3 | 2.706 | %1 | 33 b
Aug 32.9 45,5 1.383 34 | 15 o
Sep 53.7 82,7 1.5%0 Lo | 24 1
Oct 39.2 77.0 1,964 Ly | 18 1
Nov 56.0 41,1 | o.734 | 25 | 17 1
Dec 64.9 L7.3 0.729 22 | 14 1
Totals| 585.1 744 ,6 1.3 L4o3 {217 18
Sourcet

Hourly rainfall records for Shawbury Meteorological
Office.

* When rate reached or exceeded 1 mm/hr.,
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April to July (11 as compared to 5 for 1967) with one third

more hours at the actual rate of 1 mm per hour

Table 40

Calendar of soil erosion events for the monitored area 1968

Event 1t Wind erosion 6=20 March

Soil blowing affected a number of fields between Ackleton and
Worfield and south of Worfield and to the east and south of
Quatford, Strong northerly winds along the eastern flank

of an anticyclone (stationed to the west of the British Isles)
reached gusts of 42 knots and for six hours averaged 35 knots.
This followed a period of absolute drought of 17 days with
overnight frost which ended on the 4th March., Rainfall on
Sth and 6th (1.1 mm) was in the form of squally showers and a
further dry period of seven days ensued. Soil blowing con=-
tinued despite occasional rain showers, In several fields
germinated spring barley seed was exhumed and the fine root
gystem undermined by deflation. In other fields newly

emergent grain was abraided and covered by saltating soil,

Event 2t 23 and 24 March

Two closely spaced rainfall events caused widespread splash
erosion and unconcentrated soil washing on slopes less than 5°.
Around the Worfe valley on slopes exceeding 5° confined rill
erosion along tractor wheelings was very evident on spring
barley and early potatoes, One large unconfined incipient
gully 203 m long, 40 cm wide and 33.5 cm deep terminated in

a large fan of debris 6 m across (depth of deposited soil

averaged 10 cm).
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Table 40 continued 1

Rainfalls A series of vigorous troughs moving eastwards across
the country brought gales and heavy rain,

Claverley 20.7 mm; Bridgnorth 33.1 mm; Hatton 25.9 mmj
Enville 13.4 mm; Shawbury 8,9 mm in 10.2 hrs (average rate

0,87 mm per hour). No data for Claverley.

Event 3t 26 March to 1 April Wind erosion period

Variable winds (east and south-west) which reached gale force

at times brought renewed wind erosion particularly on fields
prepared for sugar beet, Apart from 1.5 mm of squally rain

on the 27th the weather remained dry for seven days. Large
fields of sand to loamy sand (Newport, Delamere and Crannymoor
series) on the exposed interfluves between Ackleton and Worfield
proved particularly susceptible. Drifted soil was banked
against hedgerows down wind with accumulations of over 76 cm

in places, Other exposed fields prepared for potatoes also

blew badly.

Event 4s 18 April

Splash erosion and concentrated surface washing affected fields
of sugar beet around Claverley and Worfield with rill erosion
damaging potato furrows,

1321222113 Frontal troughs moving north east across the country
associated with a deep depression south west of Ireland brought
heavy rain on the 18th with scattered thunderstorums,

Claverley 17.7 mm in 6 hours (average rate 2.9 mm/hr), with
10.3 mm in 1,5 hours (average rate 6.8 mm/hr). Shawbury

13.9 mm in 8,8 hours (average rate 1.6 mm/hr). Bridgnorth

16.8 mm; Hatton 19,1 mm; Enville 17 mm.
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Table 40 continued 2

Event 5t 12 May

Splash erosion and concentrated surface wash affected several

of the steep sites eroded during Event 4. Increased crop

growth afforded a little more protection to soil, but con-
fined rill erosion along tractor wheelings after band spray=-
ing produced nuwnerous small base of slope debris fans.
Rainfalls A number of thundery showers affected the Midlands
on the 1llth and 12th. Claverley 14.1 mm in 6.1 hours (average
rate 2,3 mm/hr). Shawbury 14,8 mm in 5.5 hours (average rate

2.7 mm/br)., Bridgnorth 15,0 mm; Hatton 13,7 mm; Enville 12.2mm,

Event 63 25-27 May

Thunderstorms brought renewad erosicn tb sloping beet and
potato fields particularly along tractor wheelings and furrows
running parallel to slope. Several new sites were noted
after these closely spaced events.

Rainfalls Outbreaks of heavy rain on the 25th and 26th were
assoclated with a'deepening depréssion which approached socuthe
west England from the north-west. As this depression moved
into the Bay of Biscay thunderstorms developed over a wide
area of southern Britain and the Midlands,

(A1l stations 3 comsecutive readings)

Claverley 38,2 in 15 hours (average rate 2.5 mm/hr).

Shawbury 42.0 in 16.8 hours (éverage rate 2.5 mm/hr).,

Bridgnorth 30,4 mm; Hatton 47,7 mm; Enville 21.2 mm,

Event 71 22, 26 and 28 June

Heavy periods of rain produced between two and three erosive
events depending upon location. This caused renewed erosion
on sites which were adversely affected by Event 6. Squally
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Table 40 continued 13

showers accompanied by strong gusty winds flattened a large
hectarage of grain crops and washed out rows of sugar beet :
along slopes exposed to wind driven rain, %
Rainfalls A series of troughs moved in from the Atlantic, |
together with two depressions which crossed the Midlands causing

periods of rain which often became heavy and thundery
(22, 26, 23).

22 ‘ 26 28 é
Claverley 10.9% ' 10,.1% 14,2% *Check gaugeg
Shawbury 18.4 (in 7.4 hrs) (Average rate 17.9 in 4.3 hrs.
2.5 mm/hr) (4.2 mm/hr) g
Hatton 10,2 10.4 15.7
Enville 12,7 14,2 3.3
Bridgnorth 12,4 | 12.4 4,6

Event 8¢ 14  September

Thundery rain caused rapid run-off from a number of compacted
fields where potatoes had been harvested (confined rill erosion
along wheelings). Splash erosion affected a number of fields
being prepared for winter barley. }

Rainfalls A depression off sbuth-west England deepened very
rapidly on the 1l4th and a pronounced trough of low pressure
associated with the depression brought exceptionally heavy

rain and thunderstorms to the Midlands area.

Claverley 26,4 mm in 7 hours (average rate 3.7 mm/hr).

Shawbury 10.2 mm in 5.6 hours (average rate 1.8 mm/hr).

Bridgnorth 32.0 mm; Hatton 30,5 mm; Enville 10,9 mm.

Event O 28 October

Erosion again affected compacted fields where potatoes had
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Table 40 continued 4

been harvested and was particularly marked»in a number of
fields with steep slope facets ()80) around Claverley and
Worfield. Splash erosion and concentrated surface washing
affected fields recently drilled with winter grain.

Rainfallt Troughs of low pressure moving eastwards across

the Midlands brought heavy rain on the 27th and locally on the
28th a thunderstorm.

Claverley 22,0 mm in 7.3 hrs (average rate 3 mm/hr),

Shawbury 27,0 mm in 7.8 hrs (average rate 3,5 mm/hr),

Bridgnorth 12,7 mm; Hatton 8,6 mm; Enville 11.2 mm,

Event 108 26 November

Compactedysugar beet fields caused a high proportion of this
prolonged relatively low intensity rainfall to run off channelled
along tractor wheelings. Run~off was appreciable on fields

of winter grain affected by event No.9.

Rainfallt Rain associated with a depression approaching south-
west England spread northwards to affect the Midlands on the

26th giving a period of prolonged rain,

Claverley 18 mm in 12 hours (average rate 1,5 mm/hr),

Shawbury 11.1 mm in 12.3 hours (average rate 0,9 mm/hr).

Bridgnorth 16,3 mm; Hatton 15.2 mmj Enville 15.7 mm,
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8,4.3 Case Study 3 Erosion events during 1969

The analysis of daily rainfall records for the key stations
referred to in Table 42 reveals that on average 21 rainfall
events were recorded during 1969. Of these, 11 proved to
be erosive and the average rates per hour are catalogued

in Table 42, Of the remaining 10 rainfall events 3 proved
to be non-erosive (the rate per hour not reaching 1 mm),

The other events took place during July (2) and August (3)
when crop cover was at its maximum and the effect of erosive
rainfall was minimised. Although a small hectarage of
arable land 1s potentially at risk in the study area during
late July, August and early September (land reseeded from
early potatoes, catch crops, field vegetables, newly broken
land) né examples of erosion were observed during this period,
One period of wind erosion was recorded during April, which

affected only a small area of the three parishes.

May and November proved to be the wettest months and both

were marked by a number of erosive events. Many parts of
Britain had more than twice the normal rainfall in Maj.

It was the wettest May for over 20 years at Shawbury (172.2 mm)
(see Table 41) and Pershore (Worcestershire). Birmingham
with 156 mm showed a difference from the average of +90 mm,

The West Midlands recorded an above average number of days

of thunder (11). Rainfall was also twice the normal in many
areas during November due to heavy falls on one or two days
(11th and 16th), This caused severe gully erosion on a

number of fields where potatoes and beet had been

254,



recently l1lifted. A notable feature in May, and to a

lesser extent in November, was the occurrence of erosive
rainfall events which were characterised by an above

average number of hours when the rate of rainfall exceeded

3 mm per hour, During May this is partly accounted for

by the fact that thunderstorm activity in the West Midlands
was over twice the average. By contrast, October, September
and June were drier than normal with the October total for
Ililton ohly being 6,6 mm, No erosive events were registered

during these months,
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Table 41

Sumnary of hourly rainfall values

for Shawbury 1969

(S.J.553220) Elevation 72 metres Annual average 660 mm
Duration|Total | Mean |Rate| Actual]|Number |Number
(Hours) |Amount|Rate |Per | Rate |of of

ram Per Hr. | of 1lmmj Events |Erosive
Hr. mm ¥ | Per of Events
mm Hr, oxr| 10mm
more or
more
Jan 75.1 hs,8 |0.610) 12 7 0 o}
Feb 68.4 62.5 |0.9141 37 18 1 0
March| 53.9 6.4 10.861} 14 | 14 2 1
April| 43.1 46.8 |1.09 18 11 1 1
May 88.9 172.7 |1.943] 24| 56 5 5
June | 16.2 17.1 | 1.056]| 22 L 0] o
July 28.5 36.9 | 1.260 8 15 2 0
Aug L48.9 111.4% {2.278] 17| 32 5 0
Sep 19.8 24,1 |1.217) 14| 3 1 o
Oct 14.1 11.3 | 0.801 8 1 0 0
Nov T4H.3 90.1 | 1.212] 29 | 34 L 3
Dec 60.6 50.8 | 0.8381 18 | 16 0 o
Totall591.8 715.9 | 1.21 |221 {211 21 10
Source:

Office,

Hourly rainfall returns for Shawbury, Meteorological

* When rate reached or exceeded 1 mm/hr.
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Table h2

Calendar of so0il erosion events for the monitored area 1969

Event 1 March 12th

Heavy rainfall caused appreciable run-off from sloping fields
of winter wheat. Most of the run-off was concentrated

along tractor wheelings and caused confined rill erosion.
Splash erosion was widespread on fields of newly drilled

spring grain.

Rainfall:s

An occluded front was siow moving across southern Britain
and brought heavy and prolonged rain to the south and the
Midlands.

Claverley 20.3 mm in 14 hours (average rate 1.5 mm/hr.)
Shawbury 20,6 mm in 13.7 hours (average rate 1.5 mm/hr.)

Bridgnorth 29.2 mm, Hilton 24.4 mm, Hatton 22,6 mm, Enville 24 mm,

Event 2 ¥Wind erosion April lst/2nd

Soil blowing affected the tops and exposed flanks of a
number of steeply sloping fields in the Worfe valley between
Worfield and Claverley with small patches of spring barley
being eroded out of the most exposed sections. On some
larger flatter fields in the same area large sheets of

sand formed down wind though accumulations against hedgerows
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Table 42 continued 1

were small, Strong north-easterly and east winds developed
around the eastern margin of a large anticyclone lying to the
west of the Briéish Isles, Wind speeds reached an average
of 28 knots for several hours with gusts of up to 38 knots.

A dry spell of nine days ended on the 27th March and was
followed by tour days with only 1.6 mm of rain. The ground
had become very dry and overnight frost was frequent (March

was the coldest since 1962) providing ideal conditions for

wind erosion,

Event 3t 25/26 April

Two closely spaced rainfail events caused confined rill erosion
along tractor wheelings on'several fields of spring grain and
sugar beet, The steeper facets of some fields planted to
potatoes also eroded with deep rills forming along furrows
compacted by tractor and seed-drill wheels, Splash erosion
affected a wide range of flat fields including potatoes, sugar
beet and spring'grain.

Rainfallst A complex depression to the northewest of Ireland
moved east and associated fronts brought heavy rain to the
Midlands on the 25th and 26th.

Claverley 11,2 mm in 8 hours (average rate l.4 mm/hr), and
10.5 mm in 7.2 hours (average rate 1.5 mm/hr), |
Shawbury 18,3 mm in 11 hours (average rate 1,6 mm/hr).
Bridgnorth 15,7 mmj Hilton 11l.4 and 10,2 mm; Enville 11,7 mm

and Hatton 11,7 mm,

Events 4 to 6t 3, 5, 6, 24, 26 and 29 May

A series of thunderstorms and heavy periods of rain caused
widespread erosion particularly to sugar beet and potato fields
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Table 42 continued 2

which had been affected by Event 3, All exposed arable fields
were affected by splash erosion. Uaconcentrated and concen-
trated surface 5611 wash affected gently sloping beet fields,
Deep confined rilling removed large quantities of sediment
down potato furrows and overtopping of furrows where slope
direction changed cut wide shallow channels through furrows,
Rainfalls

Event 43 13 May

Claverley 12,1 mm in 4 hours (average rate 3 mm/hr).
Shawbury 18.5 mm in 4,3 hours (average rate 4,3 mm/hr).

Event 5: 5/6 May

Claverley 35 mm in 10 hours (average rate 3.5 mm/hr).
Shawbury 35.2 mm in 12,2 hours (average rate 2,8 mm/hr),
(Average for the two stations of 8 hours when rate exceeded
3 mm/hr).

Event 6: 24/26 May

24 Claverley 24.2 mm in 10 hours (average rate 2,4 mm/hr).
24 Shawbury 19,4 mm in 8.3 hours (average rate 2.3 mm/hr),
25 Claverley 14,1 mm in 4 hours (average rate 3.5 mm/hr).

26 Shawbury 21,7 mm in 8,2 hours (average rate 2.6 mm/hr).

Event 7/8: 11 and 16 November

A large, slow moving and complex trough lay from Scandinavia
to Britain with minor disturbances crossing the country
bringing heavy rain}at times, notably on the 11lth and 16th.
Once again the same pattern was observed of confined rill
erosion along wheelings and splash erosion and unconcentrated
surface washing on newly drilled winter grain. The most
spectacular erosion affected more steeply sloping fields

which had been compacted by potato and beet harvesting.
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Table 42 continued 3

Other sloping fields prepared by rotovator for winter grain
had wide shallow channels which eroded down to the contact
with a dense pldugh pan at which point incised channels
developed. |

Rainfallt

Claverley 31 mm in 12 hours (average rate 2,6 mm/hr),
Shawbury 18.9 mm in 12.4 hours (average rate 1.5 mm/hr),.
Bridgnorth 27.9 mm; Hilton 33.3 mm; Hatton 21.8 mmj

Enville 9,2 mm,
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B,4,4 Case Study 4 Erosion events during Autumn 1976

Reference has be;n made to the exceptional conditions of drought
which prevailed in England and Wales from 1975 through to 1976
which the Meteorological Office claims has a return period

of once in 500 years. Before the drought ended soil moisture
deficits had exceeded 125 mm on arable land in the West Midlands
and deep cracks in the sub-soil appeéred on medium and fine

textured soils,

The drought came to an end during early September when a
depression moved south-east across Scotland and associated
fronts brought rain to the Midlands on the 8th and 9th,

On the 22nd a depression became slow moving to the south-west
of thé Bfitish Iéles which brought in a warm and humid
southerly airstream until the end of the month with a series
of disturbances moving northwards across the coﬁntry. These
gave widespread and heavy outbreaks of rain often accompanied
by thunderstorms, Between the 21st and the 29th iocal
stations in the study area received between 135.7 and 145.8 mm ,
- which showed a difference from the average of +71,7 mm and

f82 mﬁ respectively. Rainfall for Birmingham in September

. of 159 mm showed a difference from the average of + 94 mm,

The average rainfall rate per hour for Shawbury during these

9 days was 3,3 mm, At a number of stations there were signi-
ficant increases in the rainfall rate per hour and this accounts

for the increased erosion ~ on many sites.

A comparison of hourly rainfall figures for Pershore and Shawbury

(see Table 43) shows particularly high values in the former in

the two ' 261
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erosive episodes, However Shawbury had two additional erosive
events on the 21st and 22nd (average rates 4.4 and 2,2 mm/hr)

followed by four days of rain amounting to 34,7 mm in 13.6 hours,

(average 2.5 mm/hr). Rainfall at Pershore during this period

was well below these totals..

Table 43

Hourly rainfall for Pershore and Shawbury on 24 /25 September 1976

Station Station
Pershore Shawbury
Date | Hour| mm Duration || Date | Hour| mm Duration
(mins,) | (mins,)
2k/9 | 23 b9 | 36 25/9 | 1 3.1 | 60
25/9 | ©O 4,3 | 60 2 2.6 | 54
1 8.3 | 54 3 2.3 2§
2 15.4 | 60 8.0 | 2.5
3 5.3 | 60 (average 3.2‘mm/hr)
N 7.4 | 60 17 3.2 | 42
5 11,2 | 36 18 10,3 | 60
56.8 | 5.1 19 7.2 | 60
(average 11,2 mm/hr) 21 1;2 30
22 4.3 | 48 22 0.4 | 12
23 12,0 | 60 23 6.4 | 60
26/9 0 h,7 | 60 24 10.1 | 60
21.0 | 2.48 38.8 | 5.4
Average 8.5 mm/hr. Average 7.2 mm/hr.

The distribution of erosive events in east Shropshire during
September was fairly even with Claverley 7 (151 mm),Hatton Grange
8 (169.3 mm), Bridgnorth 7 (182.2 mm) and Enville 7 (182.5 mm).
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Widespread damage was caused to exposed arable soils by splash
erosion, particularly during the early storms, A large pro=-
portion of this aetached material was transported during
subsequent storms when the rate per hour increased significantly.
The extent of the damage might have been greater but for the
fact that very dry compacted ground earlier in the month
inhibited cultivations for winter grains. Much of the soil
erosion damage that was observed during this period was in
fields prepared for and drilled with winter grains, Run-off
was spectacular from‘compacted ground where potatoes had been
harvested, At Hilton on a recently rotovated plot heavy
rains on the 24th yielded 25.4 mm with 18,7 mm falling in
three hours with an average.intensity of 6,2 mm/hr, On the
25th two thunderstorms yielded a total of 48 mm in 9,7 hours
(average intensity 4.9 mm/hr), with 38.1 mm in 5.8 hours
(average intensity 6,5 mm/hr) and 20,7 mm in 2,7 hours
(average intensity 7.6 mm/hr). The total fall amounted to

83 mm (3.36 inches) and caused extensive erosion to the plot
and adjoining fields which is illustrated by Figures 16, 27,
30, 31 - 39.

The return period for major erosive rainfall events such as

these exceeds the longest data collection period (89 years)

available in east Shropshire.
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Summary

1. The results of a ten-year erosion survey of arable soils
are analysed for the east Shropshire parishes of Claverley,
Rudge and Worfield and these are presented as an example

of soil erosion monitoring.

2. This data is set against the background of the changes
which have taken place in east Shrohshire during the post=
war period. The area under study is one of intensive arable
agriculture and here the impact of mechanisation has brought
about an increase in both farm and field size, Significant
changes in land-use, cropping and management practices have
tended to produce more simple rotations with a reduction

or exclusion of ley grass. The tendency towards continuous
arable cropping on some farms, together with some of the
changes noted above, has brought an increase in soil struc-
tural problems, These have been aggravated by widespread
soil compaction caused by an increase in the weight and

numbers of farm machinery.

3. These problems of weak soil structure and compaction are
emphasised during periods of adverse weather when the risk

of'soil erosion also increases significantly.

4, One of the principal objectives of the monitoring survey
was to establish the frequency of occurrence and the distri-
bution of soii erosion in the study area., The survey shows
that out of a total arable hectarage of 4097 for the three
parishes approximately 32/ (1324 ha) has been affected by

erosion during the period 1967-1976.
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5« The methods used and the problems encountered in collect-
ing this data are described and individual years are chosen

as case studies to show the distribution of erosive events.

6. The selection of the years 1967-1969 has been made to
emphasise that scil erosion hazard is not restricted to the
occasional abnormal season which may have a long return
period., September 1976, was selecfed as an example of an
abnormal month which was characterised by more than three
times the average monthly rainfall and by six closely

spaced erosive events, each with higher than average rainfall
rates per hour. The return period for this combination

of events is greater than 89 years (the longest recording
time for a key station). These events caused widespread
soil erosion with a greater incidence of confined and uncon-

fined gullying.
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Chapter 9

Evaluation of selected field methods used in measurings soil

erosion by water on arable land

9, Introduction

There is a large and varied 1iteratufe wvhich deals with a
range - of experiments to measure soll erosion using laboratory
and field techniques. These vary from simple devices such

as splash cups and trays developed by Ellison (1944) to large
indoor experimental rainfall run-off facilities 15.3 m long
and 9.2 m wide (Mosley 1974), and field plots of various dimen-
sions exposed to natural and simulated rainfall, In this
chapter emphasis is placed on a reviéw of the characteristics,
function and limitations of measured plots exposed to natural
rainfall, Thé type of laboratory and field methods used will
be determined bj the objectives of the research programme and

by the constraints of available resources,

Two broad areas of experimentation can be recognised and for
convenience described under the headings of (a) laboratory
based research and (b) field based research using semi-permanent
or fixed plots to measure run-off»and sediment yield from a
range of soils and slopes under different management treatments.
Both of these main areas of research were investigated in the
United States by Federal and State agencles to measure erosion
losses and to assess the effectiveness of various preventative
measures, Over 10,000 plot years of basic data from 42 experi=-

mental stations were used in a national study by the Agricultural
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Research Service (1954) and the main features in the erosion
process identified and mathematically enumerated. The:
mathematical relétionships derived from these data were
assimilated in the Universal Soil Loss Equation which has been
widely adopted as a basic tool in erosion control planning
(Wischmeier and Smith 1965). Hayward (1968) calls into ques-
tion data which has been assembled from some plot studies as
he suggests that there are a number 6f ways in which these
data can be biased, He draws attention to the fact that
during the fifty years of their use they have never been the
subject of critical examination or appraisal. Furthexr reference
is made below to these problems and the limitations of some

laboratory techniques for measuring soil erodibility.

9.1 Laboratory based research into soil erodibility

Reference has been made in Chapter 4 to a range of fundamental
research designed to isolate and measure various important
parameters of soil erodibility and the erosivity of rainfall,
Soil erodibility results from the interaction of a complex of
variables and any attempt to simulate or model these phenomena
has inherent problems and limitations. Today it is a rela=-
tively simple matter to measure soil loss, run-~off and infile
tration from a range of artificial plots subjected to simulated
rain, Problems can arise when attempts are made to extrapolate
data from single parameter experiments to field situations
where a different set of factors may operate to invaiidate

the experimental procedures used and the data derived from
them, Mech (1965) considers that the ultimate use of any

model or similitude should involve the extrapolation or con-
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version of results to the prototype, He contends that too
many research workers fail to do thils and rely on reporting
the results from the model as basic or fundamental work without

attenpting to extrapolate to field conditions.,

There are many advantages claimed in studying the effect of
various soil characteristics on erodibility under uniform
conditions in the laboratory. It ié argued that such studies
provide greater pfecision in monitoring, allow for a greater
range of soils to be tested with more control of particular
parameters. Bryan (1974) sets out four premises upon which
his = laboratory testing of soil erodibility was based:-
(a) 'that the soil erosion process in the laboratory would

be sﬁbject to most of the same controlling factors as in the
field (my italics, to emphasise the element of bias here)

and therefore, although the magnitude of soil-loss would
vary, the relative position of different soils in an erodi-
bility ranking should remain unchanged; (b) that while an
index shown to be efficient in the laboratory would not
necessarily be so in the field, one shown to be inefficient
in the laboratory would be unlikely to prove efficient in

the field; (c) that the laboratory test is a simplification
of the natural process and that unless the results could be
understood and explained, there would be little hope of fully
understanding the more complex natural processes; (d) that
1aboratofy testing is a precursor to, not a replacement for
field testing.! These four premises have been quoted in full
as they raise issués common to many laboratory based‘experi-

ments on soil erodibility.
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One of the controlling factors which is frequently assumed

to be the same as in the field is simulated rainfall,

Meyer (1965) considers that the advantages afforded by simula-
ted rainfall of speed and the ability to replicate the same
'storm' only accrue if the simulator can reproduce, accﬁrately
énd reﬁeatedly, artificial rain which will have precisely the
same effect on the soil as natural rain, However, although
drop size, and to a degree the terminal velocity of drops,

can be controlled, other rainfall characteristics such as

drop temperature, shape impact angle*and the effects of wind,
particularly on terminal velocity, are less well-known,

Plot studies at Hilton, east Shropshire, have demonstrated

the importahce of changes in slope direction relative to rain
driven by gusty winds in the amounts of rain catch, splash
erosion and sediment yield in run-off produced during a

storm,

One particular weakness inherent in most laboratory based
experiments on soil erodibility results from the disturbance

of the so0il samples, In recent years despite the introduction
of sophisticated (though expensive) methods for removing large
soil columns and monoliths (see Hudson 1974, Wijnsma 1975 and
 Belford 1979) the bulk of soils which have been used in laboratory
'plot! studies undergo varying degrees of disturbance which

in soﬁe cases may damage or alter the very properties to be
measured, A high proportion of laboratory studies tend to

use small soil plots as the cost factor in assembling large
rain simulators and moving large 'undisturbed' soil cores is
very high, However, erosion in fhe field is‘generaily

associated with run-off from large areas and relatively long

* the shape of the rain drop and its angle at the point
of impact on the soil surface., , . 270.
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slopes and this presents a problem which is difficult to
simulate even in field based experimental plots. Mosley (197&)
used a very largé indoor plot 15.3 m long, 9.2 m wide and

2 m deep filled with a silt sand mixture 'which was regarded
as homogeneous throughout having characteristics sufficiently
(my italics) similar to those of some natural soils in the
area to be usefully employed in a study of rill erosion,!
Coutts et al (1968) used soil trays 13 x 13 x 4 cm filled
with labelled Fe59 clay loam and sandy loam which had been
screened through a 5 mm square mesh sieve., Young and Wiersma
(1973) constructed 1.52 m x 4,52 m plots 21,6 cm in depth
filled with a loam, silt loam and sandy loam, which was tamped
to a bulk density of 1,02 g/cm3 to simulate a surface soil
which had been ploughed, diséed and harrowed, Gabriels et al
(1975) separated silt loam aggregates by sieving into two

aggregate sizes which were placed in soil pans 30 cm in length.

The interpretation of data derived from small plot studies
under simulated rain must be carefully considered in the light
of the knowledge that on artificially prepared surfaces micro=
processes (micro-rilliné and !'sheet! flow) may assume an impore
tance far exceeding that likeiy to be encountered in arable
fields where cultivation practices produce much greater varia-
tions in surface roughness, and compaction exerts a marked
influence on infiltration and provides preferred routes for

surface run-off along wheelings and implement lines.

Another characteristic of many of these experiments is the
relatively high intensity-duration values which are used.
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As Meyer (1965) observes, storms with high intensity-duration
values cause major erosion, and studies using simulators at‘
these more critical rainfall conditions can be expected to
severely test the erosion characteristics of most plot treat-
ments, | However, unless these very high intensity-duration
values are a feature of local rainfall these treatments will
tend to mask important changes which can be effected by low
intensity storms which are often more frequent events affecting

a larger area of soils.

9,2, Field based research into msoil erodibility using fractional-

hectare nlots

Plot studies have been a basic tool of soil erosion research

for half a century and although the equipment used has been
up-dated, the basic methodology remains essentially unchanged.
Apart from the American Agricultural Research Service standard
plot 72.5 x 6-ft., (1.83 m x 22 m) which has been widely used,
there have been an infinite number of different designs reported
in the literature, ranging from micro-plots (1 - 2m2) to field-
sized plots 500 m2 and more. Plot studies are reviewed by
Hayward (1967 and 1968) and details of plot design by

Wiltshire (1947), Hudson (1957) and Mutchler (1963).

By far the largest number of experiments have been conducted
under natural rainfall. However, since the 1950's portable
‘rain simulators have been widely used on field plots as selected
simulated storms can be applied quickly to a range of soils

and treatments. This is particularly wvaluable wheh evaluating
the soil conservation characteristics of newly adopted cropping
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and management practices which under natural rainfall studies
may require up to twenty years to validate (Meyer 1965). |
Hayward (1968) reviewed the use of run-off plots for two
different but related purposes which he refers to as
'Experimental!' and 'Observational' studies. The essential
aifference befween fhem is that iﬁ the former the experimental
design is based on the randomised block procedure and in the
latter it is based on a sampling procedure. He considers
that plot studies in general are a comparatively crude method
of hydrological research as they have been frequently charac-—
terised by poor experimental design and inadequate analyses
of data. He draws attention to the fact that only a few
studies used replicated treatments and most of these did not
locate them in a random fashion, Hayward emphasises that
replication and randomisation of experimentation isneeded
to establish the differences between treatments. Only then
can confidence’ be placed in the results, He concludes that
although plot studies have been useful in improving our under=-
standing of erosion and its prevention much of the data can
only be accepted as a qualitative guide and is not considered

acceptable for extrapolation.

Some of the equipment used in plot designs 1s considered below

and here émphasis is placed on efficient working plots which

do not require the installation of expensive permanent struc-
tures which characterise many of the large experimental stations

in the U.,S.A, and elsewhere, Plot margins which are usually

made of wood, metal or concrete are sunk into the ground to

a depth of approximately 15 cm, leaving 17 cm above éoil level,

Run-off is collected down slope via guttering and fed into
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storage tanks (see Figure 85 Page 78 ), There exists a com-
prehensive literature on plot design, out of which the designs
of Garcf:Aff§63)‘and Mutchler (1963) have been selected and
modified for use in east Shropshire., Hayward (1968) suggests
that while there is no inherent objection to a range of equip-
ment and designs it may not be possible to compare results from
dissimilar studies and that comparisons which adjust the
results in proportion to the area of each plot may be invalid

as important boundary effects are usually ignored.

Boundary and microclimate effects are examples of a number of
problems inherent in plot studies which are considered to be
one of the sources of bias, When part of a slope facet is
enclosed to form a measured plot the mnatural sequence of run-
off is disrupted and consequently the amount of run-off on the
measured plot tends to be diminished resulting in an under-
estimate of soil and water losses. This imbalance may,
however, be over rectified by run-off from up slope seeping

in under the upper plot margin.

Other sources of error occur when run-off within the plot -
escapes under the plot margins or overflows the collection
device downslope. More frequently significant seepages occur
along the soil gutter interface particularly where a concrete
8111 has been installed parallel to the collection gutter (see
Figure 85 Page 78 ). This section of the plot is most diffi-
cult to design, install and maintain and is the area most
likely to be damaged by frost heave with consequent loss of
run-off, Provision must also be made to facilitate fhe lower-
ing of the collection trough or gutter to match the lowering
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of the soil surface after a period of active erosion on the

Plot so that the original slope angle is maintained, This

can only be doneKby careful initial levelling which must be
repeated at regular intervals during the 1ife of the plot.
Border effects interfere with the normal flow of air across

the plot and act as down wind traps for soil eroded from the
plot surface. This effect can be seen in action during snow
drift which builds up both on the inside and outside of the
plot perimeter, The most serious problem is wind eroded

soil which is blown into the collecting gutter and subsequently
washed into the collection tank, These problems can be largely
overcome by frequent site visits, particularly after weather

events which are anticipated to cause this type of trouble,

Another source of bias particularly in 'Experimental! studies
is found in the basic assumption of site homogeneility whereas

in 'Observational! studies the equivalent source of bilas is
found in pqpp samﬁling procedure, In the former it is assumed
that the measured differences between plots are attributable

to the trcatment and not to site variables, This assumption
may not always be wvalid (Wischmeier et al 1958). Minor site
variations should be segregated into blocks, each with a number

of plots so that treatments can be randomly assigned,

No reference is made in the literature of plot studies being
used for soil erosion research in the United Kingdom, Work
on soil erosion at the National College of Agricultural
Engineering, Silso, has involved the measurement in the field
of splash erosion and overland flow but without the use of

measured plots (Morgan 1978). In Belgium,Bollinne (1978)
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uses standard American plots to study the importance of splash
and wash on cultivated loamy soils of the Hesbaye area, The Hesbaye
station covers an area of 4,500 m® and is divided into three
blocks, one of which is planted with sugar beet, another with
winter wheat and the third is fallow. Each block comprises

four ﬁeasured plots (4 x 22,13 m) andi;ultivated parallel to
slope (6.50). Splashed soil was collected in funnels’2 mm

in diameter (10 to a block) with rot-proof filters. The

upper part of the funnel is located at ground level and the
apparatus is changed after every rain. The results are expressed
in t/ha taking as a basis for the calculations the collecting
surface of the funnel and the weight of soil collected, The
results represent a cumulative measurement of the quantities

of soil moved by splash and cannot be interpreted as the
measurement of the depth of soll affected by splash nor as the
quantities of soil transported to the bottom of the slope

by splash, Data for two years! observations (1974-75) showed
that splash loss displaces an aﬁeragg of some ten. t/ha yr

on the cultivated area,but splash loss is only a few t€ns

kg/ha yr, and* soil wash reaches several t/ha yr, These Belgian
erosion rates appear to be lower than the observed rates in

east Shropshire though in the case of the latter area it is

nof yet possible to evaluate with precision an annual averége

rate of erosion based on measured plot data,

9,3 So0il erosion research at Hilton, east Shropshire, using

fractional-hectare plots

The aims of the monitoring survey carried out in east Shropshire
were to record the incidence, frequency and distribution of soil
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erosion on a field to field basis., The survey provided a
calendar of erosional events during a ten-year period and the
areas of appreciable soil loss were clearly identified,
However, the amount of soll loss per hectare could only be
qualitatively assessed and then only for a relatively few
sites. Although this limitation was an accepted weakness

in the research design it was intended to establish a

permanent site for erosion research as soon as resources became

available,

In April 1976 a one hectare site was rented on a farm at Hilton,
Claverley (SO 782 949)., VWork commenced on the installation

of a stock=-proof fence and the ploughing of the longest slope
facet (see Figure 30 Page 30) in preparation for the first
block of plots, A portable meteorological station (M.R.I,
pattern) was set up together with an automatic raingauge (see
Page 228 Chapter 8). Site preparations were delayed and

made difficult by the exceptional drought during the summer
months and the main slope was not r;tovated until the end of
September when ironically three closely spaced storms caused

splash and unconfined rill erosion before the plots could be

installed,

This scheme of research as envisaged,entailed the establishment
and monitoring of pairs of 50 m2 and 100 m2 pPlots to record
run-off and sediment yleld from sandy fallow soils on slopes
of varying percent, length and aspect, exposed to natural and
simulated rainfall under a limited range of management treat-
ments, In design, the scheme of work can be classified as

an 'Experimental! study with each plot and plot treatment being
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replicated.,

Two plots were iﬁstalled to calibrate each of two simple
treatments and also to observe how the plots functioned during

a year's trial period. The main difficulty experienced entailed
the inéerface between the soil and collection trough or gutter
which tended to separate during very cold or very hot weather.
There was also the constant threat of run~off leaking along

the interface between the soil and collectlon trough,

Several alternative designs were tried out, none of which
solved this problem. Finally the collection trough was separa-
ted from the soil interface by a narrow sill of lime-sand
mortar which was brought flush against the collection trough.
The material used for the latter component was bitumen impreg-
nated fibre sewer pipe (12.7 cm diameter) out of which a 5 cm
slot was cut along the length of the pipé, one‘end of which
‘'was sealed, Thé lower edge of the 5 cm slot was placed flush
with the soil surface after a shallow trench had been excavated
to accommodate the pipe. The pipe was kept in position by
four wooden stakes backed by a mound of soil capped with turf.
Thg mortar was packed below the lip of the pipe slot and care-
fully levelled. During very cold conditions the interfacé
along the pipe and the mortar separated as anticipated and

the crack was filled with joint seal, This now reduces the
risk of leakage and allows for expansion-contraction to take

place along the interface area. No separation difficulties
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have been experienced along the soil-mortar interface.

The collection tfough functioned very well and the narrow
slot reduced the risk of large amounts of rain being blown
in, Run=-off collecting in the trough was fed into a 227 litre

storage tank which contained a 5 litre graduated reservoir,

Other difficulties experienced included the unwelcome activities
of moles and rabbits with the former causing the greatest
problems by occasionally burrowing under the plot sill and
trough and, more frequently, along the plot margins,
Occasionally rabbits scratched soil onto the sill and into the
collection trough, Although the site is very exposed and
prone to wind erosion there has only been one occasion when
soil was blown into the collection trough, All of these

problems can be dealt with by frequent visits to the site.

When completed the plots were rotovated and raked level and
surface roughness photographed from a reference point on each
plot (vertical photography) . During the calibration period
the plots were allowed to settle and compact by natural processes,
There was a marked increase in the amount of run-off as the
pPlots became more compacted, particularly when the surface
became capped, Surface capping took place after an average
of 13 hours when the rainfall rate reached or exceeded 1 mm/hr
though not necessarily in a single rainfall event, Usually,
however, a rainfall event () 10 mm) caused the first noticeable
splash erosion and this was marked by an appreciable increase

in sediment yield in the collected run-off water. Most of
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this sediment appears to have been splashed onto the sill and
washed into the collection trough with only minimal amount

being derived from surface wash from the plot as a whole.

Once the surface of the plots became capped run-off increased,
particularly during prolonged rains, though sediment yield
was often only small. This can be partly explained by the
fact that although a rainfall of 10 mm or more (but less than
20 mm) fell within a 24-hour period, the rate of rainfall
never reached erosive levels of 1 mm/hr, Few large aggre-
gates remained on the surface to be broken down by splash
action and it would appear thgt at this stage the detachable
supply of sediment within the restricted area of a plot was
reduced by surface sealing, McIntyre (1958) observed during
experiments on soil splash using simulated rainfall that surface
crusting (sealing) decreased the rate of splash loss. This
implies that once the soil surface becomes capped further
erosion takes place more slowly. Farres (1978) observed
similar phenomena during simulated rainfall experiments on

8ilt loams of the Hamble series,

On the trial plots the slope angle was less than 5° and after
the first two rainfall evgnta wvhich caused capping,films and
trains of detached sediment were observed on the surface.

This material was redistributed by later erosive episodes

but the yield of sediment in run-off water was never very
high and tended to remain reasonably constant, However,

on plots which were installed at a later date on steeper slope
facets (10°) there was a greater initial 'flush! of détached

sediment during the first two erosive episodes which points
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to the combined effects of splash detached soil being trans-

ported by surface wash.,

Although the expected run-off for a given rainfall event was
greater on the more steeply sloping plots, the amount of
sediment yield proportionate. to . run-off was not always
greater and on occasions it was less. The latter occurrence
can be partly accounted for by the féct that on the less steep
plots (<:5°) a larger amount of splashed sediment still remained
on the surface from the first two events and was available
for splash transport in subsequent erosive rains, On the
steeper plots a higher proportion of splashed sediment was
removed by surface wash and the soil became more effectively
sealed until the next major erosive event.
It is acknowledged that the above simplification of a complex
set of processes tends to disregard the impact of other
physical and biological changes at work on the soil surface.
For example, weed growth was a problem on plot P and this could
only be controlled by the application of herbicides or by
frequent hoeing which resulted in a partial break-up of the
surface soil, Possible side effects from the application
of\sprays on the soil surface arenot known, Earthworms wére
particularly active on some occasions during the spring and
early summer and this seemed to be closely related to changes
in so0il moisture and to an increase in the air and soil
temperature. Earthworms produced a large number of surface
casts and channels which, together with other organisms, helped .
to reduce the effects of surface sealing. Worm casts were
quickly dissipated by splash action and yielded another source
of detached soil for transport by splash and wash action.
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A splashed and partially sealed plot surface contained the
rounded remains of larger soll aggregates, together with many
stones, Frost ﬁeave disrupted this seal by lifting both
surface and sub-surface stones (contained in the upper 10 cm,
but lying beneath the thin layer of surface capping < 5 mm)
and by partially breaking down the remaining aggregates.

When an erosive rainfall event followed a period of hard frost
there was a noticeable increase in the sediment yield of run-off
from the steeper plots, Melting snow accompanied by heavy
rain ( 315 mm in 24 hours) on frozen or partially thawed soil
produced appreciable amounts of run-off though sediment yield

was below average on the two occasions when this occurred.

By September 1978 a full block of plots was completed, the
layout of which is shown in Figure 86 (Page 79). This parti=-
cular layout was designed on the one hand to evaluate the
effect of increased slope (slope angle) and on the other to
evaluate the cumulative effect of slope angle and slope length
on run-off and soil loss. In order to satisfy the former
requirement it was essential that individual plots were located
on well defined slope facets. On the particular site this
cguld only be achieved by reducing plot size to 25 m2 (10 m X
2.5 m), The cumulative effect of slope length was to be
measured on a full length of slope plot 300 m® (60 m x 5 m),
Soil loss tends to increase with slope length provided the

per cent slope increases or remains constant, Where slope
per cent decreases deposition usually takes place. The advane
tage of the full length plot is that some indication is given
of the Jjunction between erosion and deposition along the slope.

A guide to the actual amounts of material being moved is obtained

from the plots situated on slope facets.
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In the calibration period two treatments are allotted to the
25 m2 plots, After ploughing, all plots are rotovated.
In one set (A), surface roughness is maintained by frequent
rotovations. In the second set (B), the surface is permitted
to compact by natural processes, It is intended eventually
to add a third set (C) where the soil surface is compacted
by tractor wheelings as well as by natural compaction, This
simulates three field situations in full scale cultivations:
Set A Soil surface after seed bed cultivation

maximum surface roughness and permeability.
Set B Soil surface after natural settling and dispersal

of crumbs and aggregates by splash erosionj

decrease in perméability, surface capping

and increased erosion potential.
Set C Soil surface after combined effects of B,

together with field cultivations (drilling,

spraying and top dressing).

The commencement of the programme in September is intended
"to simulate field conditions for autumn sown grain and this
is followed by a second set in early March to simulate con-
d;tions for spring sown grain. When the whole scheme 1is

under way it is envisaged that larger plots 50 m2 and 1oo'm2

will be used with one calibration set and one cultivated set

in each block (drilled with barley, sugar beet or potatoes).

In conjunction with the monitoring programme the infiltration
rate*of each plot is recorded. Infiltration rate is a measure
of soil permeability which in turn can be regarded as an indica-

tor of its resistance to erosion. Set A plots represent a

* For method see reference under International Soil Science 2813,
' Society (1967). '



control for the other experimental plots. Loss of surface
structure can then be attribufed to a particular rainfall
event or wet pefiod. 'As the plots are rotovated immediately
after each event the infiltration rate gives some measure of
the degree of splash erosion and subsequent capping.  The
cumulative effect of a series of such events are measuraeble
in Set B plots. In field trials to date it has been noted
that the infiltration rate in Set B ﬁlots falls off quite
rapidly and then maintains a steady but lower rate, Set C
pPlots will provide a measure of the difference in increased
run-off and sedimentation as a result of poor permeability
and strong localised compaction associated with vehicular

traffic over the soil,

Some marked differences have been noted in the amounts of run-
off and sediment yield recorded within the block of plots.
These differences are related to wind direction and wind

speed during erosive rainfall events and to the degree of
exposure or shelter experienced by each plot during specific
storms, = As the main slope faces due west it lies in the lee
of winds from the east., Winds from the N.N.E. and E.S.E.
quadrants tend to have a marked effect on thevdistribution

of rain catch among plots on the main slope, Much more Qork

is needed to measure these variables accurately.

No wash erosion has been recorded on the full length plot
(300 m2) since September 1976 when 83 mm of rain produced

well developed unconfined single rills,

The development of this scheme in its entirety would require
284,



a considerable investment of resources which at present are
not available. Some progress has been made, however, with
the appointment iast year of a full-time research aséistant,
financed by the Polytechnic, Wolverhampton, Part of the
research work outlined above forms the subject matter of a
M.Sc. project (designed by the writer) which is now registered
at the University of Keele, Plot data collected by the
writer has not been presented in this chapter as the M.Sc.
thesis will deal with the quantitative aspects of plot run-

off and soil loss.,

9.4 Summary

1. In the 1930's the run-off plot was adopted in America
in place of the watershed as a unit of experimentation to
evaluate the factors influencing soil loss and surface water
run-off, Since then a great deal of research has gone into
ways of determihing the relative erodibility of soils, Two
broad areas of experimentation have been considered here,
namely laboratory based studies using .disturbed or. simulated
soils under simulated rainfall and field based studies using

qeasured plots under natural or simulated rainfall.

2. Laboratory studies became a very important part of soil
erosion research since it was pos;ible to provide uniform
conditions for evaluating particular parameters which proved
difficult or impossible under field conditions., The use of
simulated rainfall became an essential part of laboratory
erosion research, Selected simulated !'storms!' can be
applied for a range of plot treatments which is especially

285,



important when evaluating soil conservation characteristicsw
of new cropping and management practices which under natural
rainfall plots may require up to twenty years to produce con-

clusive results,

3+ Although a great deal of fundamental research has been
accomplished using laboratory studies which range in come
Plexity from studies using small soil plots less than 1 m2
to large plots 15,3 m x 9.2 m, the weaknesses inherent in
all 'controlled! simulated experiments must be clearly recog=-
nised for proper interpretation of the results., Natural
rainfall is very difficult to simulate, particularly in

the form of complex storms as characteristics such as drop
temperature, shape, impact angle and the effect of wind on
terminal velocity of drops is not fully understood. Like~-
wise the use of disturbed soil samples raises a number of

problems in that important soil structural characteristics

may be affected which will adversely affect stability and
infiltration,

Lk, The difficulties and dangers of extrapolating data from
simulated plots to fieid conditions must be acknowledged,
pArticularly as data from many field plots under natural rain-
fall is considered to be biased (Hayward 1968). . Observations
of micro-processes at work on small plots under high rates of
simulated rainfall ( » 100 mm per hour) may not be so signi-

ficant in the field where conditions of surface roughness,

infiltration and rainfall rates are different and can'vary

greatly throughout the year.
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5. Research on field plots has been active since the 1930's
and has provided a great store of data which in America has
made possible tﬁe use of predictive equations such as the
Universal Soil Loss Equation. Some authors (Hayward 1967,
1968, Elwell 1978) consider the use of the term 'universal!
is Questionable and that as this method of predicting soil
loss is an empirical one it cannot, therefore, be adapted

to areas beyond those for which it was devised.

6. Hayward (1968) classified field plot studies into
'Experimental' and 'Observational! studies, adopting Boughton's
division of hydrological research proceduréa (1968)% Hayward
is critical of the experimental design and data analysis of
many plot studies and concludes that much of the data can only
be accepted as a quaiitative gulde and is not considered

acceptable for extrapolation.

7. The main sources of bias in plot studies are identified
by Hayward as boundary and microclimate effects and the
assumption of homogeneity. The lack of replication and

randomisation in many studies are further stated weaknesses.

8. No field plot studies on soil erosion have been carried
out in the United Kingdom and in Europe reference is made to

the work of Bollinne in the Hesbaye area of central Belgium,

9. Finally, reference is made to plot studies at Hilton,
east Shropshire, which commenced in 1976. Experimental
design is discussed and details of the layout and functioning

of 'calibration' plots aredescribed.

* Quoted in Hayward (1968). : 287.



Chapter 10

10, Impact of moderm agriculture on the soil system and

the increasing hazard of soil erosion.

10,1 Introduction,

10,2 Accelerated erosicn of arable soils in the

United Kingdom: a summary of evidence.

10.3 Conclusions and recommendations towards a policy

of 80il conservation in the United Kingdom.,
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'Despite the overwhelming evidence of the universal dangers
and the universally widespread character of soil erosion,
it is still the'generally held belief that it is unimportant

in Britain.!? Sir Dudley Stamp 1943,

10,1 TIntroduction

In the United Kingdom our perception of accelerated soil erosion
has tended to be influenced by the spectacular events which
have occurred in other countries, notably the U.S.A., Canada,
South America, the U.S.S.R. and Africa and although great
strides have been made in combating erosion by the adoption
of soil conservation meaﬁures, the problem is still very much
with us. In 1965 the United States Department of Agriculture's
inventory of soil and water conservation needs indicated that
conservation measures were required on more than 60 per cent
of the cropland (112 million hectares - 267.9 million acres)
to reduce erosion losses to an acceptable minimum, During
the last two decades renewed soil erosion has been reported
in many countries, notably in the prairie provinces of the
U.S.S.R. where events in the 1960's showed many similarities
to the North American !'Dust Bowl' in the 1930's, Examples
of countries affected by new outbreaks of erosion include‘
New Zealand and Brazil. Land development in the last 20
yYears on the pumice soils of the Central North Island,

New Zealand has been followed by gully erosion which appeared
to coincide with the first unusually wet seasbn occurring
after land development (Selby and Hosking 1973). In Brazil,
Barker and Wunsche (1977) describe the agriculture of the

Planalto Region of Rio Grande do Sul (the granary of Brazil)
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as consisting largely of a simple annual rotation of wheat and
soya beans, the hectarage of which has grown in the 1960's

at the expense of much of the natural pastureland. The
Planalto Region is undulating with long slopes between 5-20%,
the rainfall is high, 1500-1900 mm (59=75 inches), and the whole

farming region experiences considerable problems of soil erosion.

In Europe soil erosion by wind and water has affected large
areas of land and Bennett (1960) estimates that between 60
and 80 per cent of the cultivated land in the central and
southern provinces of Spain has been seriously to severely
eroded., Only in 1955 did a soil conservation programme get
underway. Southern Eufope is still badly affected by soil
erosion which has devastated areas of sloping land (see
Figure 87 Page 80), The writer has seen many sites in
Haute Provence, Var, Vaucluse, Gard and Herault, where the
effects of past erosion are very evident with some slopes
being completely denuded of soil. The age of these
features was difficult to ascertain, However, there was
abundant evidence that erosion was still very active on these
slopes and in adjoining vineyards (see Figure 88 Page 51),
Soil erosion has always been a problem in vineyards grown

oﬁ sloping terrain and today this risk is heightened by com-
paction from a.range of machinery which is now widely used in
viticulture, Re=alignment and ehlargement of holdings has
also brought problems, particularly where field amalgamation

has increased the length of slope.

Chisci (1979) describes the erosion of clay soils in the

290,



Italian Apeninnes by intermittent but violent rainstorms,

The winter cereal soving time is the most critical period
when intensive rainfall may destroy soil mechanical structure
very quickly on the surface causing run-off and severe rill
and inter-rill erosion. Another peculiar aspect of degra-
dation affecting clay soils is a process described by Chisci
as soliflussion, This is a common occurrence after a long
period of rainfall when an entire laier of so0lil may become
completely saturated by water. On arable land soliflussion
may result from saturated surface soil sliding over the com-
pact layer (plough sole) formed by ploughing, The risk of
80il erosion is increased by the common practice of up and down

hill cultivation.,

The areas of Europe affected by wind erosion have already been
referred to in Chapter 6 (Page 157). In many of these areas,
as in parts of central and southern Europe, modernisation of
agriculture has been slow when compared to England and the
U,S.A. Bennett considers that over much of Europe division
of land among heirs has proved an obstacle to good farm manage-
ment, including the control of erosion. However, increased
mechanisation brings with it the attendant problem of soil
compaction and where up and down hill cultivation practices are
common the risk of greater run-off and erosion, The full
impact of these chaﬁges in the last two decades have not yet

been fully analysed,

Watson (1979) observes that because of improved systems of
production yields of cereals, sugar beet, potatoes and other

crops in the E.E.C, are increasing more rapidly than the demand
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for them. The significance of this situation,Watson contends,
will mean that in the long run farmers will concentrate on those
soils which give the best yield with less profitable areas being
no longer cultivated. He considers that there has been a
distinct trend in the E.E.C, toward larger farms and a decrease
in the labour force, a pattern of events which was under way

in the 1950's in the United Kingdom, In the decade 1960=1970
the amount of cultivated land in the E.E.C. fell by 3.8%, a
trend which Watson considers will almost certainly increase

over the next fifteen years as it has been estimated that

the land area under cultivation (in the former 6 members of

the E.E.C.) will fall by between nine and thirteen million

hectares and move to other uses, notably recreation and grazing.

It can be concluded from these observations that the pressure
on the better land and soils must inevitably increase, with
the consequent risk of renewed erosion unless new agricultural
techniques and management strategies are adopted. By con-
trast developing countries are faced with increased pressure
from rapidly growing populations and limited soil and economic
resources to increase food production,. Rapid deforestation
in Latin America, Africa and Asia is seen as a quick and cheap
sélution to these problems with income being derived from
timber, followed by the establishment of extensive agriculture
and cattle raising. The forest resources in developing
cougtries are estimated by the World Bank to exceed 1,000 million
ha and currently they are being cleared at the rate of 15-20
million ha per annum, At this rate the reserves could dis-
appear within sixty years (Donaldson 1978»quoted by Watson).
Despite the dangers inherent in this type of land exploitation
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some of the developing countries may be able to develop

farming systems using modern tillage techniques which will
enable them to avoid its worst consequences (Watson ibid).

One fundamental problem entails the recognition of the fact

that changes in land use, technology or management practices may
have a long term detrimental effect on the soil system which,
once initiated, may be difficult to reverse or, at worst,

be irreversible. This is basicallyba problem of perception,
Saarinen (1966) observes that failure to accurately perceive

the drought hazard has been the focal problem on the Great Plains
since farmers from humid areas first settled there in the

late nineteenth century. Whilst much has been written in
recent years in the United Kingdom about the problem of the
impact of modern agriculture on the soil éystem, most commen-
tators fail to acknowledge that the risk of soil erosion can

be a natural extension of these problems, particularly in
adverse seasons, This highlights a fundamental problem of

perception.,

10,2 Accelerated erosion of arable soils in the United Kingdoms

a_summary of evidence

As erosion by wind and water poses a potential threat to #11
exposed soil surfaces, particularly in intensively cultivated
areas, it is necessary to consider the question of the extent
to which soil erosion constitutes a threat to the present and
future productivity of arable soils in the United Kingdom,
Although much has been written in the United Kingdom‘about

the current interrelated problems in arable areas of declining

levels of soil organic matter, loss of structure and increasing
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soll compaction, surprisingly few writers aéknowledge a relation=-
ship between these problems and a natural extension of them =~
particularly in adverse seasons ~ SOIL EROSION, Cultivation
during the adverse season of 1968-69 caused serious soil struc-
tural problems in many parts of England and was marked by
reductions in the yields of many crops. Soil erosion by

water (splash erosion, soil wash, rill and gully erosion)

and by wind was widespread in the West Midlands and wind erosion
affected large areas of arable land in central and eastern

England,

In 1969 the Rt. Hon. Cledwyn Hughes, the Minister of Agriculture,
expressed concern 'that‘we should be well informed about any
effect which modern farming methods may have in the long term
on the fertility and structure of the soil,! In 1970 there
followed the Strutt report, 'Modern Farming and the Soil!,
which states that as far as the nutrient fertility of our
soils is concerned there is no great problem resulting from
modern farming methods, though structural probléms‘were ovi-
dent in a range of 'unstable! soils and this resulted directly
from modern farming methods. Part of this report examines
the causes and effects of soil structural problems and offers
a’series of recommendations to help rectify them. The prob=-
lem of wind erosion is examined but only in relation to
eastern England and‘regrettably no mention is made of the

present and potential hazard of water erosion on arable soils,

This report and others tend to subscribe to the view that
accelerated erosion of arable soils rarely occurs in the

United Kingdom outside of areas of the east Midlands and
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eastern England where wind erosion can be a hazard during spring
and early summer cultivations. Erosion of arable soils by
water, however,xis generally considered to be very localised,
spasmodic, and as such does not constitute a problem, although
no comprehensive study has been made to substantiate this view,
Evidence from a number of areas in the United Kingdom seems to
suggest that soil erosion by rainfall and run~off is a more
widespread and frequent event than 15 generally accepted gpd
this is certainly borne out by a decade of soil erosion monitor=
ing in the West Midlands by the writer. Although much of the
data here relates to sandy soils it demonstrates that signi-
ficant amounts of soil erosion can be effected by rain falling
at much lower intensities and for shorter durations than is
experienced in many parts of the U.S.A. where soll erosion

is a serious problem, By analogy with the West Midlands
there are many areas of the United Kingdom with similar soils,
terrain and land use to warrant a closer inspection « the
problem, Aparf from sandy soils there are extensive areas

in Lowland Britain which are characterised by silty soils
which suffer from varying degrees of instability under con-
tinued arable use and these problems can be exacerbated during
pPeriods of adverse weather. Soil Survey Memoirs and Records
report surface structural problems affecting a wide array of
soils which in some cases have led to soil wash and rill
erosion, Instances of water erosion of arable soils in
Scotland are quoted by Glentworth (1954), Glentworth and Muir
(1963) and Ragg (1960,.1973). Water erosion of arable land
in England is reviewed by Douglas (1970) and referred to by

a number of writersj Low (1963, 1972), Mackney and Burnham

(1966), Hodgson and Palmer (1971), Whitfield (1971), Evans
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and Morgan (1974), Morgan (1974, 1977), Catt, King and Weir

(1974), Evans and Northcliff (1977), and in Wales, Lea (1975).

When due consideration is given to the many interrelated fac-
tors which influence so0il erosion by water on a particular
site, the erosive forces of rainfall and run-off, the suscep-
tibility of the soil to erosion, the length, gradient and

shape of the site, the type of crop being grown, its stage

of development and cultivation methods used, two factors

appear most frequently to act as a catalyst - namely the extent
of soil compaction and the presence of up and down slope culti-
vation, Of the total number of sites in the West Midlands
(600+) where water erosion has been recorded by the writer,
soll compaction and down slope cultivation lines were major
contributory factors in over 95% of the cases. It is
apparent, therefore, that there are two divergent schools

of thought in the United Kingdom over the question of soil
erosion, The tofficial! view subscribed to by the Ministry
of Agriculture is one which acknowledges the existence of a
limited wind erosion hazard and accepts this to be essentially
a local rather than a national problem, An alternative view

tq this is held by a number of research workers who believe
that soil erosion is more widespread and occurs more frequently
than is generally believed and it is now a cause for concern
and action. The object of this Qection is to present this

alternative point of view.

How then does this apparent contradiction arise? One reason
that can be advanced is the assumption that there are a number
of factors which tend to minimise the risk of soil erosion in

the United Kingdom. Central to the argument is the belief
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that the principles and practice of British farming and the

very nature of our agricultural landscape tend to insure against
ény potential efosion hazard, and that our hqmid climate which
rarely produces extremes of weather is seldom likely to endanger
agriculture, These ideas might have prompted Sir Daniel Hall
to write in 1903 'that the extent of erosion in the

United Kingdom is very limited and must be regarded rather as
exceptional than as a normal occurrehce', and this may well

have been the case at the time of writing.

Since then a revolution has taken place in British agriculture
and profound and lasting changes have been effected in soil
and crop management. In the arable areas a new agricultural
landscape is emerging, brought about by the removal of miles
of hedgerows and the enlargement of fields to accommodate an
ever-extending range of machinery. The traditional link
between arable cash crops and livestock is now much less
important than formerly and with changes in these enterprises
the area of ley grass has decreased and in some areas has
ceased to play an important role in the arable rotati§n.

A reduction in the numbers of stock carried and in the hectarage
qf short-term grass has been a characteristic of many farming

enterprises which have tended to become simpler and more

specialised,

The intensification of arable cropping has been accompanied

by a reduction in the levels of organic matter and a deteriora-
tion in soil structure. These changes lower the resistance

of some soils to the effects of natural compaction resulting
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from rain drop impact (splash erosion) and induced compaction
from machinery. The difficulties of maintaining soil struc-
ture are increased byvcompaction caused by farm machinery which
has become progressively heavier since the last war and research
has shown that when heavily laden wheels run over cultivated
solls, bulk density increases can be detected to the depth

of ploughing. The values for bulk density and air-filled
porosity which have been measured in the crop root zone follow-
ing compaction suggest that adverse crop responses are likely
to result, especially during periods of high soil moisture
content (Soane 1970). Howevér, the problem of poor crop
responses as a result of compaction is small in comparison to
the potential danger of accelerated run-off through compac-
tion, which can occur even on gently sloping sites (2-3 degrees)
during periods of heavy rainfall. Whereas compaction problems
can be rectified by subsequent cultivations the effects of
marked erosion episodes (see Figure 37 Page 35) are more
serious, wide ranging and long lasting. The most graphic
examples of this problem have been seen in the West Midlands

on land sown to sugar beet when two erosion episodes occurred
in one season during the early stages of crop growth and
during and after harvesting, causing widespread rill and gully
erosion,

The preponderance of low intensity rainfall is considered to

be one of the major factors which minimise the risk of soil
erosion in the United Kingdom., There is also the implication
(though rainfall intensities per hour are rarely stated) that
erosion only occurs during periods of high intensity rainfall
and as many of these events tend to be infrequent and short-
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lived, the erosive effect is very localised. Davies, Eagle
and Finney (1972) contend that by the standards of continental
climates the rainfall (of the British Isles) is almost always
comparatively gentle, '. . . and surges of run-off water, which
in the U,S.A. can gully a field to depths of more than one foot
in a single storm are practically unknown (in the British Isles)
and there is no serious risk of erosion except on steep slopes.!'
They further state 'that there is no reason to believe that

the British climate is likely to change radically, and it can
be concluded that the risk of water erosion is not likely to
get worse in the future . . . as at present only very infre-

quent erosion is likely to occur on sloping land in sandy areas.,?

The key issue here is not whether the British climate is likely
to change in the future but whether we fully comprehend the
small aberrations in our present pattern of weather and the
adverse effects which they can exert on agriculture particularly
during periods of maximum field activity. Instances of surges
of run-off water during storms which gully fields below the

Ap horizon (plough horizon) and indeed_into the B and C horizons,
are not uncommon in the West Midlands even on gently and mod-
erately sloping land (2-70) and have been reported elsewhere

in the United Kingdom (see Figure 36 Page 34), Today there

is a greater chance of low intensity rainfall being potentially
more erosive because of the combined effects of low soil
Organic'levels, loss of structure and increased compaction,
which in turn lead to reduced water infiltration into the soil
and consequently the risk of ponding or run-off, The effects
of run-off are increased where fields have been enlafged and
slope length and water catchment increased., The enlargement

of fields in which continuous arable cropping is practised
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has also increased the risk of wind erosion on susceptible
soils. The full impact of these changes is not realised
until an adverse season is experienced as exemplified by

1968-69 and more recently, 1976.

Herein lies a major problem in the perception of soil erosion
hazard in the United Kingdom for usually only the most
dramatic instances of wind and water erosion tend to be
recorded and the reports in mostvcases‘stem from chance
sightings of the phenomena where it occurs close to routeways,
A corollary of this is that the extent of erosion from a
particular rainfall or severe blow is often underestimated

as detailed surveys are farely carried out to ascertain the
full extent of the area affected, Also, the cumulative
erosive effect of less spectacular episodes tends to be over-
looked, Unless a given area is examined on a field to field
basis after erosive events no reliable estimate can be made
of the area affected and damage by splash, soil wash and
incipient rilling can be quickly eradicated by subsequent
cultivations, Evidence of gully erosion and depositional

sequences by wind and water do persist for longer periods of

time,

Reference to the occurrence of soil erosion in the United
Kingdom made by writers at home and abroad can present a mis-
leading picture. Bennett (1960) referring to fragmentation
of land holdings in relation to erosion describes England

as having 'numerous small parcels of land, but the gentleness
of the rains and the numerous substantial hedges between fields
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tend to hold erosion to a minimum.' Hudson (1967) in a paper
’entitled, 'Why don't we have s0il erosion in England?'! con-
cludes 'that approximately 5% of the annual rainfall would
fall at intensities greater than the critical threshold figure
of 1 inch per hour (25.4 mm/hr) below which kinetic energy

is insufficient for splash erosion to occur! (C.F. the 1 mm/hr
which causes splash erosion in the West Midlands). He
observes, however, that 'in general.the amount of erosion

in this country is of a lower order of magnitude compared

with that which is normal in the tropics and sub-tropics.!

Any attempt at this stage to map the distribution of soil
erosion in the United Kiﬁgdom must be essentially tentative

as the data available is still fragmentary. Apart from a
limited number of papers dealing specifically with soil erosion,
the researcher must rely on data from soil survey memoirs and
records, which only covers approximately 20% of the country,
mostly in lowland situations. Whereas it is possible through
these reports to identify and locate some of the areas affected
by erosion it is more difficult to obtain details of frequency
of occurrence and quantities of eroded material as these are
rarely referred to in soil survey publications, However,

if weakly structured soils are known to erode when under con-
tinuous arable cropping in one area, it is reasonable to assume
that they may well be at risk in other areas where land forms,
rainfall and management practices are broadly similar and this

is particularly so in adverse seasons,

Another factor which should be considered is the difference
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in the perception of erosion between one field surveyor and
another, Surveyor A might perceive soil erosion in terms

of dramatic events and tend to ignore minor events, Should
the field time required to complete a soil survey of 100 km =
200 km2 coincide with a period of little or no erosive activity
in the area reference to erosion in the report might be minimal
despite the fact that some of the so0ils are known to have
unstable structures under continuous arable and are liable to
erode in o?her areas., Surveyor B, having witnessed erosion
episodes on particular soil series in one area, may be

consciously looking for evidence of erosion in other areas.

The chances of detecting soil erosion, particularly by water,
tend to be minimised by a number of factors, one is access,
as a large part of our arable land is still relatively inacces-
sible, especially if the researcher is relying upon chance
sightings of erosion from roadways. This disadvantage can

be partly offset by using aerial photography but unless this

is specially flown for erosion survey work mosf of the avail-
able sorties at the scale of 1110560 are of limited value.
There are also significant differences between the chance
recording of wind and wéter erosion. When wind erosion

Qécurs on arable soils its effects are often spectacular both
during and after the event and in a severe blow with thousands
of hectares affected it is likely fhat a large number of
observers will witness the event over many miles and see the
aftermath of drifted soil against hedgerows, in ditches and
over roads, Herein lies a significant difference between
wind and water erosion as the latter is rarely observed in

the making and with the possible exception of the more dramatic
examples of gully erosion, the effects are not always easily
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recognised in the field, as evidence can be quickly eradicated

by cultivation and partially masked by crop growth.

10,3 Conclusions and recommendations towards a policy of soil

conservation in the United Kingdom

There is now sufficient evidence to suggest that our rather
complacent approach to the question 6f soll erosion in the
United Kingdom should be replaced by a more positive one of
adopting conservation measures to protect our arable soils
before erosion becomes a major problem, The question of
what constitutes acceptable levels of soil erosion on arable
s0olls will remain unanswered until a programme of erosion
monitoring at ¥egional and national levels is initiated and
some assessment made of the extent of the problem. ideally
this should include experimental work on a range of soils which
are known to be unstable when in continuous arable cropping
so some estimate can be obtained of the erosion rates likely
to occur on various sites under different cropping sequences

and management practices.

qud progress has been made in the United Stafes and Canada
to encourage farmers to adopt soil conservation measures.

An integrated campaign of publicity and education has been
mounted by Federal and State agencies with emphasis placed on
the theme that soil erosion costs money and the farmers'
profitabiiity is most at risk. Official policy in the
United Kingdom is, by contrast, too complacent, It may be

argued that the serious nature of America's erosion problem
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merited such concerted action by the Government. However,
the problem in 'official circles! in the United Kingdom is

oné of perceptidns a failure to understand that the time to
initiate conservation measures is before soil erosion becomes
a major problem, There remains a preoccupation with ways

of increasing the yield of crops as increased yield means
increased profitability. The environmental risks of such
policies are not always considered of fully appreciated.
Undeniably, modérn farming is a business and profitability

is an economic fact of life. However, as Watson (1979)
observes, the E.E.C. countries are already over=producing
grain, potatoes, sugar beet and some other crops. Against
this background what should be the considered priorities for
the policy makers in the United Kingdom? In his presidential
address entitled, 'Priorities for British Soil Science!,

Cooke (1979) acknowledges the warnings that yields from crops
and stock may reach a plateau but regards the warnings ‘as

a challenge to research workers and particularly to soil scien-
tists to develop their work so that new technologies needed
for further advances may be established.! 'Better scientific
control in agriculture dépends on predictions which must be
mgde from a knowledge of the components of a system and the
materials used.' One component of this system -~ the soii -
is under considerable stress from modern farming methods and
Cooke fails to observe that the combined effects of continuous
arable, compaction and erosion might account for the levelling

off of crop yields, despite record levels of nutrient input.

However, Russell (1975) observes 'we are all realizing more
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and more how often yields are now limited by the physical
condition of the soil rather than by its nutrient status, and
how often poor physical conditions may set back the crop
through their effect on soil organisms,! Davies (1970)
avers that farmers will need to devote more thought to the
effect of their systems of farming on the soil, which in most

cases is their basic material.!

In practicgl terms many farmers are unaware of the long-term
implications of soil washing and blowing in respect of farm
profitability, the social costs generated by increased silting
of waterways and drainage channels, and the pollution of water
supplies by washed-off fertilizer, There is a dearth of
information and guidance from the Ministry in the entire area

of so0il conservation measures and practices,

Basic conservation measures which can be employed, include the
avoidance of wholesale removal of hedgerows, particularly where
there is a potential risk of wind erosion, The subsidy paid
for hedgerow removal and field realignment should be more
Judiciously administered. The removal of hedgerows subdividing
1gng slopes should be kept to a minimum and, where removalv

has taken place, cultivation and strip cropping parallel to

the contour will help to reduce the effects of run-off,
Up-and-down-slope cultivation should be avoided wherever possible,
even on gentle slopes and, where it is practised, the adop-

. tion of some device on tractors (e.g. one small tine mounted
behind each rear wheel to break up the surface pattern of

wheelings) would help in reducing surface compaction and run-off
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which 18 concentrated aloné wheel tracks. Soils which are
susceptible to structural damage, when exposed to heavy rain-
fall, or are liable to wind erosion, should not be left fallow
for longer periods than necessary, and field operations should
be kept to the minimum when the upper layers of the soil are

too moist,

All the available evidence suggests that the intsnsification
of arable cropping will continue in the 1980's and beyond,

and it is féared that this will be accompanied by an exten-
sion of the soil structural problems which will, in turn,
increase the risk of soil erosion, particularly in unfavourable
seasons. Hopefully, maﬁagement techniques will be adopted
which will continue to increase the productivity of the land
and at the same time conserve soil resources, One of the
most promising soil conservation developments in the last
decade has been the no-tillage (direct drilling) method of
crop production which Lessiter (1978) estimates is now used

to produce some 3,2 million hectares of crops, mostly grains =-
in the United States, The advantages claimed for this system
are discussed in Chapter 1 Page 26. The introduction of
effective herbicides in the 1950's which reduced the weed
problem, paved the way for the successful introduétion of
direct dfilling. Cannell and Finney (1973) quote Dennings'!
estimate of about hO0,000 ha of cereals which are grown in

the U.K. after some form of minimal cultivations, Direct
drilling of winter cereals into stubble rose by 76% from 1976
to 1977 whilé direct drilling of winter cereals into gr&ss
rose'by 32%. Spring cereals direct drilled into stubble rose
by 50% during the same period. In 1977 an I,C.,X. survey showed
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some 204,049 ha of crops were direct drilled in the United
Kingdom, Allen (1975) describes direct drilling of sugar
beet into 'blow Sands' and 'blow fen' soils in eastern
England, In a pilot scheme on about 40 hectares, rys stubble
was desiccated with paraquat and was direct drilled with sugar
beet in spring 1975 following'a method now used commercially
by the Dutch on their very light soils., This technique might
help overcome the problem of wind erosion on these highly
erodible soils. Pidgeon and Ragg (1979) consider that in
Scotland farmers (in the east) are beginning to reconsider
direct drilling in an attempt to control wind erosion and the

avoidance of 'puffy' seed beds on sandy soils.

Although still in its infancy, this method offers the dual
advantages of erosion control and timeliness of planting as
woell as increasing farm productivity, which must appeal to
farmers and conservationists alike.In a recent review and
provisional classification of soil suitability for continuous
cereal direct drilling in the United Kingdom, Cannell et al
(1978) proposed two climatic categories,  The driest or most
favourable area is defined as where tﬁe mean date of return

to field capacity (R.F.C.) is after lst November., The wetter
category has R.F.C. date earlier than lst November and demands
careful management under any tillage system, The authors
recognise three categories of soil suitability for continuous
direct drilling compared to ploughing and these are summarised
in Table 44, The advantages to be gained from direct drilling
of reduced erosion risk can be offset by increased soilvcom-

paction on some soils of low bearing strength and this is an
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Table 44

Provisional classification of soil suitability for continuous

cereal direct drilling in the United Kingdom

Category 13 Suitable soils

Expected yields: High probability of similar or better ylelds
from direct drilling compared with tradi-
tional cultivation for both winter and spring
Crops.

Soil type: includes chalk and limestone soils, well-
drained loamy solls, coarse sandy and loamy
soils (organic matter >2%) and some humic
sands, loams, clays and peat if well drained.

Site factors: include the absence of spring lines and
depressions where surface flooding occurs,
Soil physical conditions and drainage are
generally good and management relatively easy
under any tillage system.

Category 23 Less suitable soils

Expected yields: Yield of winter cereals is likely to be simi-
lar after direct drilling compared to con-
ventional cultivation. For spring crops =
high risk of moderate yield reductions with

” direct drilling.

Soil type: This category contains the better structured,
moderately well=drained and imperfectly
drained clay soils and weakly structured
imperfectly drained loamy soils (Stagnogleys)
where water tables can be partially controlled
by field drainage.

Site factors: Interactions between climate and soil type
are particularly important for soils in this
category where impeded drainage is their
major physical limitation. Where water-
logging problems are evident all Category 2
soils are downgraded to Category 3. In
drier districts direct drilling is perhaps at
its most advantageous on heavier soils which
usually present management problems with tradi=-
tional cultivations.

——

Category 3: Least suitable soils

Expected yields: High risk of yield reductions (at present)
especially for spring cereals,

Soil type: includes poorly drained and weakly structured ‘
‘ clay loam and clay soils, Sandy and silty soilg
liable to slaking and over-compaction are
unsuitable as rooting may be restricted by
compaction,

308.



Table 44 (continued)

Site factors: Alluvial soils liable to flooding and sites
where spring lines or other drainage problems
are not satisfactorily controlled are
included.

Source: Cannell et al 1978 P, 306-11,

important factor in determining soil suitability for direct
drilling.

Apart from the problem of compaction, the restriction of root
growth and lower yields on some soils, other limiting factors
have been recognised, particularly the control of perennial
grass weeds, As with the adoption of any new system, initial
management problems may be an important limiting factor,

particularly in adverse seasons.

British agriculture has a vast store of management expertise
and technical know-how with the backing of a number of famous
research establishments, each with dist;nguished records,
British agriculture is a success story, as Cooke (1979) rightly
claims, This excellence must not be tarnished by an over-
complacent approach to soil conservation. The eighties will
be a testing time for agriéulture, particularly in areas of
intensive arable cultivation, A sound policy of soil con-
servation is based on the early adoption of preventative
measures, Clear guidelines on soll conservation techniques
should be available to the farming community as part of the
agricultural advisory service programme. There is a need for

more information at regional and national levels of the areal
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extent, nature and frequency of erosion hazard on arablezsoils.
The infrastructure already exists for the collection and
dissemination of data and this is diagrammatically presented
in Table 45, Regional Centres and Experimental Husbandry
Farms could undertake a limited range of plot experiments on
local soils to ascertain run-off and soil loss under fallow,
cereals, beet and potatoes. It is feasible that some of
these experiments could be integrated into existing field

programmes, Soil erosion hazard could be monitored within

the regions., Of particular interest and value would be monitoring -

experiments based at Rothamsted and Woburn Experimental Farm,

where data on soils and crop performance spans a century, Here

the recording of erosive episodes which affect experimental plots
would be a useful start.

A two-tier programme is envisaged with the first part being
essentially fact finding to assess the extent of the soil
erosion problem and whether further investigative work is
required. The second part of the programme would establish
the acceptable levels of soil loss on particular soil series
under various systems of cropping and management, The pro-
gramme should be initiated and co-ordinated by a National Soil
Conservation Committee with clearly defined terms of reference
'and made up from a multi-disciplinary team of soii sclentists,
agficulturalists and representatives from commercial and
farming interests, The Committee would report directly to the
Minister,

'Let it not be thought that because in the British Isles

the depletion of land by soil erosion is seldom spectacular,
it is of little moment to the farmer and gardener.'

Brade~-Birks 1944,
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Table 45

Flow diagram of data sources and data acquisition for a

National Soil Conservation Committee:

a first approximation

Minister of Agricul

ture

J

Air Photo
Search
Military &
Civil

Meteorological National Soil
Office f———| Conservation
limatic D Committee and
‘ CenggF
M.A.A.F. M.AJALF,
Regional > Statistical
Offices Centre
)F : Guildford
June
Census *
"A,D,A.S.
Field Officers Experimental
Reports Husbandry Farms
N.F.U, Young Farmers

Club Observers

S

‘Rogpgmgégd; |

Soil Survey
H.Q,

LOffices (20) ‘

Soil Survey
Regional

Soil Surveyors
Fleld Reportg
100 m /200 m

* June Census questionnaire (additional data requested).

" 1l.

2.

3.

Estimate of farm hectarage affected by erosion during year.

Type of erosion - wind, soil washing

Type of damage - categories (a) Soil loss (off farm)

(b) Soil redistribution on farm

Type of crops affected.

Dates of erosion to correlate with meteorological data

and detalils of cultivations,
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Accelerated erosion of arable soils in the Unuted
Kingdom by rainfall and run-off

A Harrison Reed

Geography Section, The Polytechnic, Woiverhampton, West Midlands, UK

. On more than six hundred sites in the UK West Midlands, where water erosion was recorded by
the writer during the years 1967-76, soil compaction and down-slope cultivation lines were
identified as major contributory factors in over 95% of cases. Such cultivations should be
avoided where possible, susceptible soils should not be left fallow longer than necessary, and field

" operations should be kept to the minimum when the upper layers of the soil are too moist.

Accelerated or man-induced soil erosion is most spec-
tacularly evidenced in countries such as the USA,
Canada, South America, the USSR and Africa. In 1965
the United States Department of Agriculture’s inventory
of soil and water conservation needs indicated that
conservation measures were required on more than 60%
of the cropland (112 million hectares=267-9 million
¢ acres) to reduce erosion losses to an acceptable
- minimum. During the past two decades renewed soil
erosion has been reported in, among others, the prairie
territories of the USSR (where events in the 1960s
showed many similarities to the North American ‘Dust
Bowl’ in the 1930s), New Zealand (Selby & Hosking
1973) and Brazil (Barker & Wiinsche 1977). In the
United Kingdom, instances of water erosion of arable
soils in Scotland are quoted by Glentworth (1954),
Glentworth & Muir (1963) and Ragg (1960, 1973).
Water erosion of arable land in England is reviewed by
Douglas (1969) and referred to by a number of writers;
Low (1963, 1972), Mackney & Burnham (1966), Hodg-
son & Palmer (1971), Whitfield (1971), Evans & Mor-
gan (1974), Morgan (1974, 1975), Catt, King & Weir
(1975), Evans & Northcliff (1977), and, in Wales, Lea
(1975).

When due consxderatlon is given to the many inter-
related factors which influence soil erosion by water on a
particular site, the erosive forces of rainfall and run-off,
the susceptibility of the soil to erosion, the length,
gradient and shape of the site, the type of crop being
grown, its stage of development and cultivation methods
used, two factors appear most frequently: the extent of
soil compaction and the presence of up-and-down slope
cultivation. On more than six hundred sites in the West
Midlands where water erosion has been recorded by the
writer, soil compaction and down-slope cultivation lines

were major contributory factors in over 95% of the cases. .

A number of research workers believe that soil erosion in
the UK is widespread, occurs more frequently than is
gcncrally belleved and is now cause for concern and
action.

Over the years, the intensification of arable croppmg
has been accompanied by a reduction in the levels of
organic matter and a deterioration in soil structure.
These changes lower the resistance of some soils to the
effects of natural compaction resulting from raindrop
impact (splash erosion) and induced compaction from
machinery. The difficulties of maintaining soil structure
are increased by compaction caused by farm machinery
which has become progressively heavier in the last 30
years, and research has shown that, when heav1ly laden
wheels run over cultivated soils, bulk density increases
can be detected to the depth of ploughmg The values for
bulk density and air-filled porosity which have been
measured in the crop root zone following compaction

suggest that adverse crop responses are likely to result,
especially during periods of high soil moisture content
(Soane 1970). However, the problem of poor crop
responses as a result of compaction is small in compari-
son to the potential danger of accelerated run-off through
compaction, which can occur even on gently sloping sites
(2-3 degrees) during periods of heavy rainfall. Whereas
compaction problems can be rectified by subsequent
cultivations, the effects of marked erosion episodes are
more serious, wide ranging and long-lasting. The most
graphic examples of this problem have been seen in the
West Midlands on land sown to sugar beet when two
erosion episodes occurred in one season during the early
stages of crop growth and during and after harvesting.

The preponderance of low-intensity rainfall is consi-
dered to be one of the major factors which minimise the
risk of soil erosion in the United Kingdom. There is also
the implication that erosion only occurs during periods of
high intensity rainfall and, as many of these events tend
1o be infrequent and short-lived, the erosive effect is very
localised. Davies, Eagle & Finney (1972) contend that,
by the standards of continental climates, the rainfall of
the British Isles is almost always comparatively gentle .. .
“and surges of run-off water, which in the USA can gully
a field to depths of more than one foot in a single storm
are practically unknown (in the British Isles) and there is
no serious risk of erosion except on steep slopes’. They
further state ‘‘that there is no reason to believe that the
British climate is likely to change radically, and it can be
concluded that the risk of water erosion is not likely to
get worse in the future . . . as at present only very
infrequent erosion is likely to occur on sloping land on
sandy areas’.

The issue, however, is not whether the British climate
is likely to change in the future but whether the small
aberrations in the present pattern of weather and the
adverse effects which they can exert on agriculture are
fully understood. Instances of surges of run-off water
during storms which gully fields below the Ap horizon
(plough horizon) and indeed into the B and C horizons,
are not uncommon in the West Midlands even on gently
and moderately sloping land (2-7°) and have been
reported elsewhere in the United Kingdom. Currently
there is a greater chance of low-intensity rainfall being
potentially more erosive because of the combined effects
of low soil organic levels, loss of structure and increased
compaction, which in turn lead to reduced water infiltra-
tion into the soil and, consequently, the risk of ponding
or run-off. The effects of run-off are increased where
fields have been enlarged and slope length and water
catchment increased. The enlargement of fields in which
continuous arable cropping is practised has also in-
creased the risk of wind erosion on susceptible soils. The
full impact of these changes is not realised until an
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adverse season I? exjoerrenc d such as that of 1968-69
nd more recen evidence to substantiat da
evrew that sol ero ronb water IS more wi esgrea In

lowland Brrtfarn is derived from a number of areas in

general and from the West Midlands In particular.

SorI erosion in the West Midlands

Although there was supstantial evidence of erosion on
fhe Cee Hr s, Cannock Chase and on some common
and use as amenit areas the most, wr es read |ncr
dence of erosion was o n on (a ricultural
survey carried outdurrng erro 966—197? recorded
evidence of erosjon, predominantly by rainfall and run-
off, In_Herefordshire, Staffordshire, Shrooshrre War-
wickshire and Worcestershire where the soils were sandy
or srlty In texture and the terrarn was (characterrsed
?ente or moderat 0pes 273 Wind also affected a
ar e area of sanay textured soils, particularl r)e i the

gort rrd north and Crannymoor serres rence
to ol erosl)on orf] thri g erles Fan othe I\z rs Within
ere lon ina number of Soil Survey Reports. ac ne

Bufnham (1966% report soll erosron |n the Churc
Stretton district of Shropshire' affectrng sorls of the
Munslow series (silt Ioa on sIo Ing of 3-11°
durrn% Rerrods of heav rar mtesprrn and symmer.

(19723 refers to spectacular erosion affectrnrhr
Munslow soils during heavy spring or summer rains o
allow o p%rtrall covered Soils, and widespread erosion
of. soils of the Br myard (frne silty) and Eardiston series
fine and very fine”sand \t; loams). Hodgson & Palmer
1971g describe erosron h/ rainfall and run -0ff on the
Fardiston series. and Munslow series to the soutth of
Hereford, recordrng bothseet an uII erosrona fect-

r Ml R fl
(5 dB"P“Z ik 187? t‘esa.e ‘hsute i
erosron on S0 sof the Ross Eardiston ard Se ac serres

sandy loam-loa Ross-on-Wye _ are
ere ordsﬁrre Palmer 51972 again _Cites sorIs o? the
Eardrston and Bromyard series as berng prone to sheet
%u yerosron W en slogrng and 1S cu vated an
fafr% g ?]consr ered to be a“seriou gro em on giit
ft f Dove sertes, Hollis & Hodgson (1974) reter
fo spectacu ar t)y erosion occurrrn% on the frne sandy
loams of the %rove Serles rl) Idderminster
(Worcestershire). T esorls are lianle to blow and are

considered to be very susceptible to both water and win
erossron WhrotfreIrY ( 974§ Whrtfreld1 & Beard %1975

describe nine soil seriés near Leamington S
Alcester in Warwickshire whrch are affe ted b ?] (ﬂ‘
structure and ° capprng "and a further five serr whic
nave a high risk_ of tructural dama?e JOnes 51 )
describes soils In the Eccleshall district of Staffordshire,
cites erosion of the Brrd?north and Wick series sandy
loams) and consrders tha fourother Series (Broms [OVe,
Newport, Arr% Ollerton—all sandy ‘[oams) have
mrnor erosion hazards on slopes and are affected by weak
structure ﬁlakrnge and caglprn?

ach ye the survey erosron Was
observed on New as we as on known sites, b far the
greatest amoun occurred ér%rrn the 1968 69 riod and
gain In 1 en it coul scrr ed asub quItous In
the West Mrdlands Beasdae (‘1974) considers 1968 to
be an outstandrng year for multiple events with excep

ronallg eavy and ‘widespread rainfall, and he rega d
that yéar as nrque during more than 100 years of well
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documented rainfall hrstory The record- breakrng
droug ht of 1976 was fo owed by a very wet autum
wen te com me% [darb d Wales rainfall o
1 eptember and October to n%rether exceede
th ePrevrous |ghestsrnce] 1727 of 310 gr n 1903 ;gto a
Socet}/ During the spring and early summe

1968 there were some marked dry spells”with strong

winds which caused severe wind erosron In Easter
E/n %rrr]gsand to a lesser degree, in parts of the West

During the West Midland survey, attentron Was
focused “on an area of app roxrmaehy suare
krlomet{es blroal delineated as Ea]stS ropslhrre ﬂ
weft of Wolver nH) n and reaching to t g Sever

eg at Bridgnortn (Figure 1). Newport and Kinver
resetwelu Iocat the “northérn and southern ex-
tre rtreI he ara le parts of thrls) area roved to he
particu arI susceptible to erosion by wind an water.

Asmallér area fa proxrma%elw Oéquare kilom tres
was seIected |n irt Shropshire and th ree a
garrs es, namely Claverley, RudeandW field were

hosen for an erosion manitoring case St Y Though
much of the Iand is below 150 metres |t is we drssected
and the steeper slopes are associated with the valle srdes

;the River Severn a Bd |t? tributaries an wrth outcro

Trrassrc and Carponi erous roc s which form [ow
ridges and gateaux Und uatrn% and characterrses
much of the Severn-Worfe lowland which Is pred omrn-

cf% w 91 metres and this is one of t ear as ftg
affe ted Dy soil erosion. Sandy textured soils (lodm



sands, sand Ioams with var

raves and ou-
s of Trrassrc an
average annual rainfall 1s some. 6 3
7 Inches wrth totals for indi-
vidual years ranging from 508 mm (22

s) to 1,016'mm
nyears out of ten,
morsture defrcrt of over 100 mm  per

%ar %FOJ%S arg

ve estrmate ofthe totaI
te yerosron urin

on .some’ 0cca-
nrtort le entjre
rosrve rarnfa | events.

Figure 2 Sheet and incipient rill erosion along tractor wheelings runnng
ota ara le area of each

Sugar beet, slope 4°, sandy loam. Rainfall 12-Zmm (11 May 1967), 26 mnﬁ)

ralle Ito slope.
May 1967).

l\.)m

ar
(1

Average rate 15 mm per hour. Parish of Claverley.

27% 17% and 38% res ectrve

erosion, Thesed
all the fields eroded in each na
As the actual r moval o
the fotal area o somefr
ualitative statement o
than the total area ofero ed sor
part ofthe erosion story as the represent

fa were com

erosion affec ed Iess than
uote re resent a

res reveal on
eerosronevent
or example, a roportron of
donat Jeastoneoccasr n ine
rstered even
te ecade. Ex
derate tostron
ey an rtstrrbu
ontinuous ara ecro
Monrtorrng of sor erosron and the ana

falls of rarn at rnt nsities
not uncommon an

occasrons durr m Ies oftheI tter

of t eWor evaI
fre S Which are in
srs of rainfall
hav revealed that

h t constrtutes erosrve
ration needs f b
onsrdered rn the context o

erms rarnw
reater than the rnfrltratron c

Sites. The Infi
uericed by a number of factors whrch include soi

i
icularly.
arable soil |

EastShropshrre Parrshes Claverley, Rudge, Worfield
lerated erosion (1967-76) based on

hectares  erosion
crops and arable

1 Claa/erley 2952

texture, degree of surface and sub- surface compaction,
the amount of cover afforded Kcrops and crop residues,
antecedent moisture and met ods of cultivatjon. Solls
whrch are characterised b a/rt Cuaar?tructure and continu-

; Faéhabe'reogt?dp'”hcre s 0 se seima.and

adp apact of falling, rain- drops uIverrses
a rsper]ses weakly stryc ture sall agdre ﬁtes and
eads to the suspension o Ing particles e water
which causes a reduction in rporosrty when they enter th e
soil J terstrcs Su?h action e?ults In a closer packrn%
artr the formation of a thin crust or cap w
e or sur ace dries out.
sopsenition groson tf'st%“m‘” Cast Jhropetire on
S | S sands
rndr%ﬁe that they threshol yIe e1 of Intensit a)t which
rainfall becomes erosive Is reached at 1 mm %er hour or
more_and 1 usuaII assocrated with rainfall totaIs
reac rng fexcee Ing 10 mm. A 10 mm rainfall in five
ours 15 sufficient to ause splash erosron and nrtrate
sheet erosron with lpoc ets of arse sand trﬁg p
e ressions made Dy tractor wheelings. Where cultiva-
tron Irnes run in thé direction pfsope run-oft water Is
channelle anng ractorw eelings, and rncrprent rills
develop (Figure™2). Initial h/ no-reason could be ad-
vanced for t e%pp rent haphazard developmentofsmall
rlls which, at this stage, w re contained within the wheel
depression. Some wheel rn%s showed more rill deveIo
ment than others, even o the same sectron of a onrg
strarg t slope. In some sets of wheelings the lug patte N
remarned rntact while. in others it was virtuall
stro ed. Closer rnsgectr n revealed that well-deve oped
il swere associated with tractor wheelings moving In a
down-slope direction, which left behind lug imprints
with a ‘Y’ pattern, whereas less-developed rrIIs were
assocrated with tractor wheelings movrn u -slope leav-
rnga ur? pattern In the form of'an rnver ed ‘V Fr%ur
e down-slope ‘V pattern rovid esarea
channe as one arm of theVrss orter, leaving aSCm
gap at the apex of the V through which run-off water can
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Figure 3 Tractor wheelings and beet seed drill tracks in loamy
sand. The right-hand wheeling with the eroded "V" shaped |ug
pattern Sand incipient rilling) was made by a tractor wheel moving
down-hill during sowrn? e left-hand wheeling has been made
subsequently by a tractor moving uphill producing a lug pattern in
the form of an inverted "V". Metre rule for scale.

concentrate wherefafs the inverted V' pattern tends t
have the opposite effect, drssrpatm water movement an
deflecting | | to the, side of the track.
Most “soil erosion events have taken place when
rainfall totals have reached or exceeded 10 mm. Anal srs
of daily rainfall records (manual gauges) for |
stations with over 3 years of data provides a us%
Instght into the number of 5asrons per annum. w
daily totals reached or exceeded 10 mm, though this does
not Imply that all these events were erosrve Rather, it
enables some companson to be made with auto? Wp]hrc
data which 1s avallable for shortﬁ (penods ere
htlensrt}/ and. dfuwtf lpero sare n for eac
) rainfa es or one station, HattonGran%
66 43rf r]ear hifnal, EstI Shrozps ire (80 mety
MSL, annual average rainfa mm, recordrng
period 19(f0 19783 show that durmg the re tordmg e[l
10 mm faIsorm re occurre on averfad 160casrons
per annum with high and low values for indjvidual ears

LiA e e'}rarwr rsr

f 2) October ﬁt J In an Increase In”the
umber rrnf events (10 mf/pj wr(r reciabl
t0 the ris sor erosron artrcu Iy uring r?nn

early summer on exBose or fartra expose sor% An
|nc ease in the number of rainfall events in the autumn
and ear X winter Increases {h F risk of soil erosion on
compactéd beet and potato fields and can cause serious
dama e to Iand repared for, or sown to, winter grain.
Autograp gau es show that in many of these 10 mm
event aranI}s aS § ort but fairly inténse showers.

num er of Tixed tpotexpenme ts were carried qut in
1975 on a farm wit

a marked erosion problem In an
attempt to assess threshold values for th
compacted and uncompacted fallow sandy so repa
ratron for new pIots commenced in June 1976 with the
ploughing of a'9° slope, 60 metres long and 10 metres
wide. This,plot was rotovated for the first time towards
the end of S tember 1976, Rroducm% a friable an ad
sonﬁp surface which contar ed rtr I
eco posed pieces of turf. Prior to p oug |n esoe
heen in grass for six years and_the orgamc matter
content was 5-6% goss on ignition). It is Tmportant to
note that there were no wheelings Visible or apparent
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erosron of
ils

higure 4 iractor wheelrnﬂs and beet seed drill tracks in loamy
sand, the surface of which has been affected by splash erosion. The
lug imprints which "V" downhill postdate the beet seed drill tracks
and are associated with subsequent spraying operations.

signs of compaction, thoug Renetrometer readmrIrs indi-
cated the presence of a |oug |pan AIthoug ec |ons of
thesope re stonyvery ew were parent nt esur ace
of the soil. Hea %rarns assocrate with a th dpn derstor
commenced on eevemn of the 24th an contrnue
Into the 26th, with a successron of storms iel mg
hetween 25 and 76 mm/hr. The total fall amounted t
S%mm (3-26 Inches) and caused extenfrve erosion In East
Shropshire. The newly rotovated pots eroded and
network of well- defrne rills appeared 8-13 cm deep and
9- 15 cm wide, termmatmg in small fang of coarse sand
rit No &stimate canb iven of the
amo tof materral deposrte In the fans S they were
|ssr ate into long grass at the Iowermarqmofte lot,
? estimated” that the soil surface settled 9-10 cm
natura com actrgn) most of the small ol adgreg tea
eared to Nave heen di ersedfand bundant washe
stones were apparent ont e surface of the Cp
In ad jomm% fields th ?se sforms produce more
tacular erosro wrt well defin e %u Irteg éJ%e
over ppn\r,\crr ans (Figures n one of
hectar th a convex concae soe of 7°
da gest sectronaovetrssoprng 03 Iar gﬂrllres
eveloped along tractor wheelings which ran_parallel fo
the sIope over the entire length of the field. eIar est
uIresran ed om115meres eep an 15 meres
| ean eveloped hea ward on the stee etsecHon 0
the sope excav trnl% eds ? rythmites and san
ﬁrave ar%e over prng ans developed agamst the
]
v
orap roxr atef 480 m30 material. T2he ?kd nsrt of
coarse -textured sorsrsrnt g range 8 8and, tak m
the average frgure of 1-55, this woul eld 744 tonnes (or
2 tonn r hectare ). Another large fan assocrated

rth sin ede ulley (Figure asyr metres
%V 8 metres wf)tt? anyaver 3%"%
estrma ed that the fan contamed 19 m30r 297 6 tonnes

equivalent to 44% tonnes ger hectare. The two fana
represent material equivalent to approximately 15
08 ONTa0E8 O Aeral MoveD 5 ge QUi

ere swep t%ﬁrou h at ned e ino t?t ? e?r? tgetfow an
either deposrted as fans or as deltas into the flooded



Frgure 5 Severe rill and gully erosion affecting a 14'8 hectare (36 -8
acre) field prepared and part sown to winter barley. Formerly two
fields - tree marks line of one field boundary. Soilis stony sand

loam/loamy sand. Slope in foreground 10°, background 2-3° 24-2

September 1976. Parish of Worfield.

ftre%m or carrreét away entrrelx Estimates of mﬁterrals
eft behind would indicate another 60 tonnes per hectare
?f eroded soil. Intermittent erosion continued on this
ield and a subsequent storm In November 1976 yielded
9-8 mm in 2 hours w J 8 mm falling In one hour and
renewe 9ullyrnﬂ ana deposition, lFentua |

ruary 197 a’bu dozerwsused fo fill in thegul |esand
nowt steeper se(itrons of the field have begn o ?e
over eet nd rill erosion has occurred on th

ert’re t?atr(rerleran%m %as Irv?r‘fectedb ut}/ I erostOartso

other |n tances of Serious cou
%otedyresuqtr tc‘rom the storms ofg e te ber ?

urin tesurtgey eriod over 50 Sites were recor eg
wrth u lies excavatrn either the Bor C horrz?no soils

(see ﬁure Erosr e uences, which jnvolve exten
sive il q ? (?eve kment brrn% apout a signifl-
cant redis rrbu |on 0 sorI

aterial which 1s of consrder
able. agricultural significance. On the steeﬁer slopes
erosion removes soil ‘at a much faster rate thah it can be
renewed and eventually results in shallower soils. Down-
slope deposition can résult in more fertile soils receivin
an overwash of subsoil materials such as coarse sand.

Large quantities of fine sand, silt and clay together with
orga ic. matter can be gvashed oot and t[yans rted Htg
the drainage system and are lost forever from t eeroe
fields. As guIIy erosion Is not uncommon In the
Midlands and’is reported
(Evans & Northcli

\West
by_other workers in England
1977, "Foster 1977, Morris 1942,

Cole 1910) there.is a ne]ed fora clﬁ]er
examinatjon during sol survecygt
characterrstrcs anapotential credibil-
|t of sub sorl materjals on mo era[e
stee slopes l]m rzeﬁ ?r aran
%ncu ure, as. a such slopes are

tehtr ‘at 1js
eh/a Ile whether this are%of
East hrops rre has a unique comb

nation of factors which leads to eyo-
sion hazard orwhether this particular
monitoring technique, if applied to
other areas with srmrfar sandy sils
landforms, cro Psequences a[td
manaoe ent actce% Puld also
point 1o the presence of soil erosion.

\A{atererosronofarablesorls
sewhereinthe United Krn?(
Other parts of the United mgdom
area ected b%/ terer slon. Evans &
Morgan (1974 escrr esge%taéu ar
erosr nn ar Balsham In sout
r| esh |re on shallow Ioamg soi sof
wa ham Prior association on

sIo es of 4-5° planted wrth beans and
suéJar eet. nestrmate 33 ton-
[hectare of soil was  deposited

during a thunderstorm which |elded
14 mﬂt ofrain overCambrrdgg 13km

Figure 6 Severe gully erosion at Hilton. Loamy sand over sand.

Lar e single
orfield 24-2

;

ully "1-

m dee% average width "1 metre. Parish of

September 19

%5



roypd, causin small
g HPP artr%la ysg %et In
teOIert ndrstr Fof ottrn

shire, sand ysorso eNewpor serres
cover an %rea of 3980 he? res (9859
acres) and some 4 urvey
area SRobson & George 197
solls rone to wind erosio wrth
severe blows resulting in the loss of
fine earth and abrasive dama%e to
%eed Ings ern% expected once Bver
Ive years. However, Robson an
George consrder that the cumulative
e e? of annual rainwas mﬁan an-
nua rarnfall 040 mm, 25 inches) on
arable land ma red\rcethe ductrv

. , , , It?/ B soils more than the
Severe gully erosion at Hilton and base-of-slope fans. Figure 6 Is located at right ~ dfamatjc t% t rar%r blows. South of

erby In the Meloourne area, Reeve

to the north-west. Further erosion noted _near 1975) records erosion affecting, the Worcester Series
Abington, ambrrd T ?esst an 2° on c?aytoam arer heavy Sphng i, and e e e
comoacted _around sown 10 turr Morgan on tron?I sloping land whic farrres)th sh}allow h

rotals 1o sheet and ril erosron I th Srlsoe o8 o(f mrr} of the Rivington series (coayse loamy) which Is pr fi t0

Bedfordshrre o sand% gams (erved fom e Lowe errglgnrosrr }’I"nhge%ﬂ}ggaen o fgﬂ?é"lﬁtﬁ?gn%?gt'on esulting
Greensand otten a twick and Oak Series) when Clavden 19ﬂ refers 1o soils in Doevon around
r7 mm of rarn Bl sy e caysing Some MINOT —¢he”rale o nvaIIey and. the Exeter districts where
roads to be PartraIIY blocked with sediment. Catt elal.  5ropjo cuItrvaFon on’. moderate  tostranaly-slopin
1%‘1 desg beBsor erosion a]ﬁectrnrsGorrls ﬁft# (and ground with a lon tradrtron of il Frowrna Aok
enam series (Brown sand on Lower Greensana) mo erate eqree of soil erosion. Heasoconsr ers sheet
teStackyard series Brown earth on %anrt/v col uvrum F ero§ron 0 Obe azard on virtual ﬁ the
| tFadrm hen- exposed tot ymrn o trrgateg land around Exeter and that erosion is Irkely
ﬁterﬂpoeve ugem%ccr%rlr]e eﬂ“”” na %8{”‘05’&3 asevere t0 he more ser tous where stee&sloees are cyltivated. |
e OVEL sy I fain, 1) otatos Slone. L9 Wit anot er arto Devon, near Hontton, erosion I consr
several cent?metres it uf JOlL0ES IR iy young  Jeredto e a hazar ?n?%p'@ %rtes used for '”ﬁe”S'Vg
Btatogants eng vistieo QUL 11 inheent ety araple cropping on soils of e Bridgrorth seris (Harro

the Soils on thé |ower Gregnsand when exposeq {0
heavy fain and M milence of surface amd. susurtace Bl sttt i sta%e g%g”rﬁpmtﬁgt g';}g'r?tgﬁ'&’; o

compaction by heavy machrnery are considered by the ﬁ" Glosion theUnrted ingdom LSt g tentafive
moles of soil frmr numboer of h)ea ers dealing spe élﬁcaﬁ with Soﬁl

ta avallable are still

auBtors 0 bﬁt%)s acr[es a_number. of
ero b Walr Fanding fom il aulles (b m deep egege;gg [esearcter must e Ocovgtaafrgrgtfeg' suvey
n wrnterw eat on ¢ near Hornca tIe Lrncolnshrre art of Brifain. Whéreas % sible to 1d ent|¥y and
SA il 1939% to4mde g vrﬁu Ilies VthICT‘ eve o%e If] Pocate some oP the areas aH‘ected Ey erosron It1s more

rop of Xoél r? thn[I)f) % q €0 atrum N difficylt to obtargdetarls or‘irequencg/ occurrence
near Blaydo urfiam 0 OW'“%“ unFers orm 0N quantities, of eroded maferial as thesé are rarely referre
22June 941Gwhenam st 80 mm otrain fell in 2hours, 5" ol ey ublications. However, If weakl
E&o er]s and Grecnham (1948) Iestr:rttbe erosroorlr catr?dt structure? soils are known to erode when under contrn
EY 93\1 SIOWS Iln ay tlﬂ%) a(rjr aKron oTnhsan soltal gy arable cropping In ?ne area, It IS reasonable to
ast Majling an asoat arkfield, Kent. They comment  assyme that they' may well be at risk in other areas where
on the siting of fruit P lantations On h|”5|de5 |n order to fand form ral fall and manag ement are broadf 5|m|
lessen risk Of frost aamage, and how this has made soil lar, and"this Is particularl so in adverse season%
Eroslon 2 mare-serious problem |-0W (1963) "eports  chances of detecptrng orI rosion artr%ularl by water
ero%ron of silty loam. solls on a newxpaqte aPF tend to be mipimise a number of factors.”One Is
or¢ ard at Jea OttS H|” Research Statlo wnen tthrSt access, a% much araq|e |?nd In the UK |$ still re|at|ve|x
winter’s rain produced mang tons of washed soil down  fracessi le, especially It the researcher Is relying upo
Slope (Concentrated anng ultivation lines parallelrn% chance sIg htm S of ngSIOﬂ from roadwa s, This d
the slope) which necessrtated the use of a bulldozer ¢ advantage can e partly offset by using aefial hoto .
S MR R e
Sheet erosion rg t2he H%denborough series at Fernhurst are;ﬂf mﬁtteo Veavara € sorties al the Scale 0
ussex (Low 197 ere are aso S nrfrcant differences between the
e sl s e TR
son ?1969) refer to sheet or qully erosion, on undulating erosion occurs on arabie SoIls 115 Eflects are Oren
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s ectacular, both dunng and after
eevendt ang. |n aseveebow with
f S of hectares fected it 1s
re tata arenum er of obser-
VIS wr | witness t event over ma g
miles ang see the aftermath of qri te
soil against hedgerows, . In e
and over roads. Herein lies a srgnr -
cant difference between wind "~ and
water erosion as the latter IS rarely
observed in the makmgO fand with the
possible exception the more
dramatic examb]les of %ull ertisron
the effects are g e-
cognrse mte leld s Vi Tnc can
be qurca 5 aeradrcra]tgs ea/ Btrvactrrgn
rowtt) y y cop

There i now sufficient evidence to
gest that the rather comp cen
aP oach. to the ueséron S0l
erosion in the United Kingdom
should be replaced by a more Posr
tive one of doptm% conservat on measures to protect
arable soils before erosion. becomes a majrfr groblem
The question of what constjtutes acceptable levels of soil
erosion on arable soils will remain unanswered until a
Pro gramme of erosion- monrtormg at regronal and na-
lonal lev fels |s|n|t|at?d and some ssessment made of the
extent o thrs shouI Include
experrm ntal work onaran e of orgw ich are nown fo
be unstahle when in contmuous arabl %ro ? 50 that
fb(me estimate could be obtained of dt e rosion rates
{0 occur on various Sites under ditferent cropping
sequences ana management ractices.

ek i T
[es ecto N profta |I| e soclal Costs generate by

t
increased sil ? of w ter)ways and drainade ¢ an:
?ertrlr%ere pollution of water supplies by" washed-0

Basic conservatron measures which can be embllriyed
mcIude the avordance of wholesale remova

ed%erows artr uar wh ere thﬁre IS a otentfJ c, ris of
YV erosro ée oval of hedgerows subdivi mg
onT? ?pes shou be kept t0 a mmimum and, wher
va has taken place, ¢

itltrvatron and strip CTO# ng
?r the COﬂtOUT will ? reduce ‘the ? %
of ryn-oft. Up-and-down-slope "cu trvatrb

avoided wherever possrb\le even on gentle sfopes and
\trvhetre It IS practised IIt e adoptrotnolfbs?]m%| evice on
ractors (e.g. .one small ine mounted behin rear
hee tobgaku tesur}ace of wheelings wouﬁﬁtel In
reducmg surface compactron and run-Off which is con
centrated along Wwheel tracks Soils whrch are suscegtr

to structural damage, when exposed o heavy rain

are liable to wind"erosion should not beI fallow f or
longer periods than necessary, and field operations
should be kept to the minimum’when the upper layers of
the soil are to moist,

All the avarlable evrdence su %ests that the intensifica-
tion of arable ¢ro will c trnue In the 1980s and
beyond, and it is fe re that this will be accompanied by
an’ extension of soil structura) probJems which will, Jn
turn, ncrease the risk of soil erosion, particularly m

Figure 8 Large single gully at Hilton 2-5 metres wide 1-5 metres deep. Large fan can be
seen at base of slope.

anging pole as scale.

unfavourahle seasons. HopefuII){ management tech-
niques will be adopted which wi [ continde to Increase
the groductrvrty of the land and at the same time con-
serv soil resources.

One of the most promising soil conservatron develop-
ments in the last Pecade haé heen th %no -tillage drrect
arilling) method of crop production which Young
estimated was then u?ed to Eroduce some 2 rIIron
hectareso crops, mostly grains—in the United_ States*.

ang lists Je ghysr al” advantages of no-tillage as
inclu n% reduction”of wmd and water erosion, conser-
vation ot soil moisture and maintenance and rmprove

ment of soil structur% Of the varlous economic aqvan-

tages which accrues e cites the new croppmg combina-
rons made possible on man farms revrous Irmrtedt
ess wersrl% of cro ecause T erosion risks, an
teog ?rtu ity. f0 ow hrgh valug row crops on %nd
Brevr S consrdered as usanle onI or pasture or nay
ecause. of wind or water erosion hdzards.

The Introduction of eﬁectrve herbrcrde in the 1950s
whrch reduced the weed 0pro lem, gave the way for the
suc]c]eessful mtrodu%t(r)og fetrrl]rrrlenct ! “e”slt%at%ano’{e”a %nud
400, 030 ha of3 cergals whrch werg then Ig];rown in the UK
after some form of minimal cultivation. Direct drrIImq
then onI accounted for abo%t 55,000 ha of which ab?
one third were cereals, but thjs area has grown signific-
antI?/ In the last few garst, Allen (5197g escrl esdrrect

[ling of suPar e%t Into ‘blow san ow fen’
sors I Eastern En? and. In a pilot scheme on about 40
hectares, r %/e stubblfe was desiccated with paraguat and
was direct drilled with sugar beet n” spring 1975
following a me thod now used commercially by thé Dutch
on theirvery ?ht solls.

Although’still in its infancy this method offers the dual
advantagés of erosion control and timeliness of Iantmq
as Well "as increasing farm productivity, which mus
appeal to farmers and conservationists alike.

'Estimate for 1978 is 3-2 million ha (Lessrter 1978).
-fAn ICI survey showed some 204,049 ha of crops were direct-
drilled inthe UK in 1977.
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