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Abstract: Concern about soil erosion on arable land in Britain dates back at least 40 years.
Monitoring schemesral case studies have subsequently identified the areas at risk, the
rates and frequencies and the major factors responsible for erosion. Initial concern focused
on impacts on the farm and therefore on food production. Latterly the emphasis has shifted
to off-farm impacts particularly reservoir sedimentation, muddy flooding of properties and
the ecological damage to watercourses due to nutrient enrichment, pesticides and damage
to fish spawning grounds from firsediment inputs. The shift has therefore béen
concerns about a healthy and sustainable environment which includes soils. Government
agencies, the water companies and the farming industry have lagged behind scientific
studies in recognising and addressing erosion problems. Attempts at mitigatioovare
largely driven by the need to comply with the EU Water Framework Directive whereby
watercourses must readigood status by 2015. Future changes in land use and climate
will offer further challenges in terms of effective monitoring and compliance.
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1. Introduction

Soil erosion is the detachment and transport of particles or aggregates of soil. This may be due to
the action of water, wind or gravity (mass movem)e In the case of water, the impact of
rain (fisplasid), the flow of a thin sheet of water and the action of concentrated flow fomitis@r
gullies will contribute to erosiofil]. The effect of thin flows of water, often referred toragerrill
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flowo, are far less important than that of concentrated flow. Govers and F@¢semggest that on
average about 20% of erosion on arable land is due to interrill Wind erosion is less significant in
Britain than water and seems to have declined inmntegears or has been less in the news than in the
1950s and 196(8]. Mass movements are rarely of concern in inland areas of Britain. Recent research
on the continent suggests that loss of soil attached to root crops is significant in some areas,
particdarly with crops such as sugar beet and potafdpsThe movement of soil downslope due to
tillage may also be significant in both historical and present|tijne

The beginnings of awareness of a soil erosion problem in Britain dates from a shorbyaper
Evans[6]. In the paper Evans discusses erosion of peat covered uplands, wind erosion on arable lanc
and some recent cases of water erosion on arable land. He notes the impact of erosion on crop
resulting in lower yields over long periods of time; raod farming practices are the cause of the
problem. Boardman charts the progress from this seminal article in the study of erosion and soil
conservation in Britaifi7].

The importance of the soil erosion issue has varied through time. In the 1970sviawmdinsg for
the Soil Survey of England and Wales, was collecting erosion data for arab|8]lafbdere were also
contributions by Reed in the West [Mi0dahdambre an
general review by Morgafill]. The emphasiat this time was on the threat of erosion to soil quality
and therefore to our ability to sustain crop yields. In the early 1980s a gradual shift in perception began
with the realisation that ofarm impacts of erosion might also be significant: Mor§ht] includes
several references to flooding of villages (e$hepton Beauchamp, Somerset) and Stammers and
Boardman discuss the flooding of property by runoff from a winter cereal field on the South
Downs[12]. Throughout this period, Evans continuedetophasise the need to monitor the extent,
severity and frequency of erosion, and not to neglect the uplands.

The erosion problem in Britain is also reviewed by EVd®, Boardman and Evarj44,15] and
Boardman([7]. Most data pertains to England and Vgakhough Boardman and Evans include
Scotland15].

The distinction is often made betweBmaturad and fiaccelerated rates of erosion. Natural rates
occur on undisturbed landscapes which in temperate regions will generally be grassland or woodland
although grassland in Britain is a plagioclimax community replacing woodland and maintained by
grazing. However, rates of erosion are very low on well vegetated surfaces in comparison with cleared
areas especially if those are used for arable farming (Table 1).

Table 1 Average annual soil losses in the Silsoe area [21]

Average annual soil losses in the Silsoe area, Bedfordshire (t/h

Bare sandy loam soil 101 45
Cereals on sandy loam koi 0.6 24
Cereals on chalky soil 0.6/ 21
Cereals on clay soll 0.370.7
Grass on sandy loam soil 0.113
Woodland on sandy loam soil 10.01

Values are for slopes of 7 to 11 deg, except for woodland where the slope was 20eteg
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The sensitivity of landscapes to erosion is likely to increase with the continuaachte farming
and especially if more intensive approaches are [B&d7]. Soils become more erodible and more
likely to crust as levels of organic matter fall. Landscapes are more sensitive if boundaries are removeo
to create larger fields and blocks of the same crop allow runoff to pass frorofieddt prior to tre
establishment of good crop cojd8]. Sensitivity to erosion is also increased by the removal of stones
from soils e.g. de-stoning for potato cultivation. Conversely, as soils become stonier through
long-term erosion their sensitivity decling$9]. Ultimately, the most valuable upper soil horizons are
lost or mixed with poor lower horizons by ploughing, as has occurred with peat soils in parts of the
Fens. Similarly, the sensitivity of upland soils to erosion is influenced by vegetation cover which is
controlled by factors such as clearanae, and grazing level20].

This article will concentrate on the major issue of water erosion on arable land. Brief discussion
will be provided of wind erosion and the uplands. Issues of the impact of reorddbotpath
erosiom), coastal erosion and mass movements will not be considered. Several significant
developments have occurred since the last overview including the continued shift in emphasis from
onfarm to oftfarm impactsof erosion.Recent work eiphasises the role of small scale rainfall and
runoff events promoting fine sediment losses and pollution of watercourses by nutrients and pesticides.

2. Historical Erosion

Historical erosion in Britain is reviewed by Evdii$,22] and Bell and Boardmgr23].

Accelerated erosion has been occurring in Britain since the first clearances of primeval forest
5000/ 6000 years agolhere were many later episodes of clearance of secondary forest. It is worth
noting that it is not clearance itself (unless accommhimg burning) that results in erosion but
replacement by a more vulnerable land dusspecially cultivation. Bell shows that the date of
deposition of colluvium in southern British dry valleys varies greatly depending on the date of the
clearance episodp24]. This clearly demonstrates that erosion was not controlled by synchronous
climatic events, pace Vitkinzi [25]. Early episodes of erosion in the uplands are recorded in lake
sediments and terraces e.ig.the Lake Distric26], in South Wale$27] ard in the Howgills[2§].

The total amount of historical erosion can be estimated by the depth of truncation of soil profiles and
volume of colluvium and alluvium in valley floof&3,29]. Erosion in the past has tended to take place

in areas where it existg the present tindethis is due to the influence of soil type and topograpny.

the uplands numbers of sheep have influenced erosion rates as they do at the pre§a6t. time
general, erosion has been greatest at times of population pressure oandhesuth as in
RomaneBritish and Medieval timeg31].

FavisMortlock et al attempt to model 7000 years of erosion on a typical South Downs
hillslope[19]. Changing climate, farming practices and land use are the input parameters. Soils that are
assumedo be 1m thick 7000 years ago are reduced to 13 cm at the present time. Most erosion takes
place in the Bronze and Iron Ages under conditions of winter cereal farming and occasional large
storms (Figure 1). The general pattern of predicted erosion aceelidsith archaeological records.

Historical erosion is not easy to reconstruct. {bggday weather cannot be known and can only be
simulated from broadcale climatic information. In particular the timing and magnitude of major
storms is not knowninformation on surface soil conditions as a result of cultivation with farm
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implements is also limitedsoils were likely to have been far less stony and therefore more erodible
than their modern counterparts. Stoniness has increased as soils thinned awci hedrdeen
ploughedup [19]. The specific effect of fallow (weedy or not?) and the role of fezlde tracks as
sites of enhanced runoff, is not known.

Figure 1. Simulated annual erosion rates for a South Dofreid over the last 7000 years
(Adaptedfrom [18]).
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3. Current Erosion in Britain
3.1.Assessment &roson

Appropriate methods of assessment depend on objectives: what is the purpose of the assessmen
National scale identification dihotspots of erosion will require quite different temporahd spatial
scale approad@s compared to assessment dioaeoffo event or the risk of erosion given certain
land-use choices.

Frequently used methods of assessment of erosion are (1) experimental plots (2) sediment yield o1
rivers (3) field measuremendf erosional forms (4) remote sensing (5) tracers (6) stratigraphy,
pedology and historical documents (7) expert opinion. Details and examples are given in
Boardman[32]. Evans and Brazier have compared the results from-lfied€d monitoring and a
modeling approach for the same sites in England and Walgls The model seriously ovaredicts
erosion both in extent and amount.
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Several reports and publications have uS&k as a means of estimating erosion in England and
Wales [34i 36]. However, rateof erosion appear to be unrealistically high as compared to field
measurements from the same areas. Parsons and Foster show that the assumptions on which tl
technique is based have not been fully tested and that validation against more traditional methods
generally lacking37].

In the British context, assessment of erosion has been principally based on a National Monitoring
Scheme (specifically for cultivated land in England and Wales) which ran fa@atd 1986 with
17 localities sedcted covering wst major soil associations and in total about 706 d&hfarmland at
risk of erosion8,38 40]. The scheme was designed to assess if there was an erosion problem (which
there was) but also to give information about process, cause and infffasts. a ulgue scheme with
most of the rest of Europe and the USA preferring mbdsed approaches for national assessment.
The monitoring scheme for England and Wales used annual air photographs at 1:10,000 scale tc
identify eroding fields; these were then fieldecked and measurements made of rills, gullies and
areas of deposition. The volume of rills and gullies can be estimated by measurement of length and
crosssectional area e.gat 10m intervals.Volume of fans is obtained from depth sampling and area
measurement[40]. Subsequent monitoring schemes have covered much smaller [digéd. A
10-year monitoring scheme on the eastern South Downs ran froni 1¥8B2[43]. A very similar
approach has been used for ledegm soil erosion monitoring on arable daim Switzerland44,45).

Assessment of the risk of erosion in Britain has been aided by a series of case studies of particulal
sites, areas or events all based on field observation and measurement:

1 North Norfolk: updated with subsequent history of ernsand prevention measures at the
site[46,47];

East Shropshireé800 sites of erosion 1967976 in east Shropshif®];

Albourne, West Sussex: erosion on strawberry crop on Lower GreensaptBkoll

South Somerset: survey 40 fields in winter of 19821983 [49];

South Downs: surveys of erosion in two wet autumn/winters; largely on winter cereal
fields[50,51];

Oxfordshire: effects of thunderstorm on maize on sandy soil (FigU&2R)

West Midlands: major summer storm on recently plantedesd rapeidlds[53];

Eastern Scotland: erosion on arable fi¢&i455];

East Kent: erosion on loessic sqis].

= =4 =4 =

= =4 =4 A

Many of these case studies deal with unusual or catastrophic erosion events and need to be placed |
the context of longerm monitored distributions.

In the uplands, a series of studies by Evans highlighted the need for assessment of the impact o
overgrazing which leads to ecological damage, erosion anesiteff impacts on water
quality [6,30,57,58] This led to recommendations of the Royal Commissim Environmental
Pollution on the need for researf$9] and subsequent survejg0,61]. In Scotland, Grieveet al
report on upland erosid62,63].
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Figure 2. Faringdon, Oxfordshire: effects of May thunderstorm on maize, Sele[50].

3.2.Causesf Erosion

It is important to distinguish between ultimate or underlying causes and proximal or immediate
causes. Ultimate causes are the secionomic drivers of erosion, for example, the subsidies that
encourage farmers to plant winter cereals on ashmand as possible and therefore on some
inappropriate land64]. In the uplands, headafpased payments for sheep have led to overgrazing.
Some erosion is driven by simple economic reality: high value crops such as potatoes, maize,
strawberries may be gnm in locations which in terms of erosion are highly risky but the gkom
economic returns are seen as being worth thq 65k

The immediate causes of erosion are those relating to erodibility of soils, farm management and
weather events. It is abo easy to blame erosion on extreme weather e¥eartd many of the case
studies fall into this categodysimply because researchers are more interested in the spectacular than
in the mundane,but many cases of erosion occur as a result of relatively moadastall
events e.g.10 mm falling on saturated soilSocioeconomic factors explain why crops are grown in
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risky situations.Figure 3 shows the several factors that together combine to give erosion on winter
cereals on the South Downs.

Figure 3. Facors influencing soil erosion on the South Downs
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Effects requiring a policy response

Crops are vulnerable to erosion from the time the ground is prepared to the time a sufficient crop
cover exists to protect it against runoff. For different crops this time period will vary with crop growth
rate and planting pattern. For example;seied rape is planted close together and covers the ground
very quickly: there is a low risk of erosion. In contrast, maize is planted abonrt &&rt and takes up
to three months to provide an adequate crogeicoNinter cereals on average reach a crop cover value
of 30% in about two months which provides adequate protection for the soil. Unfortunately, the two
month period coincides with the wettest period of the year in southern England and this coinsidence i
a major factor in explaining the vulnerability of winter cereals to erosion. At the same time, increases
in soil moisture and cultivatierelated reductions in surface roughness of the soil, all act to increase
the vulnerability to runoff and erosion (fire 4).

The risk of erosion on various crops is listed in Evi8js A similar approach is advocated by
Defra[66] in their advice to farmers: the combination of crops susceptible to erosion withigkgh
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erosion sites is to be avoided. The failureasfriers to heed this advice at a majority of sites of erosion
is discussed in Boardmaat al [65]. Risk of erosion is also a feature of pbatvest potato and maize
fields due to compaction by machinery and the tendency to leave them bare in autummtand wi
months: the problem is also addressed by D6 The risk periods in relation to soil erosion for

various commonly grown crops in southern England are shown in Figure 5

Figure 4. Crop cover, soil moisture, surface roughness and rainfall widrerede to a

ftypicalo winter cereal field on the eastern South Do\w#.
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Figure 5. Erosion vulnerability for different types of gge. Thex-axis length of each shape
representshe time period during which soils are vulnerable to erosion.y¥dnds height
of theline denotes the risk. Highest risks are associated with periods whehapesre
thickest[67].
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For different soils and different topographic situations rainfall thresholds have to be surpassed in
order to generate runoff (either dweSaturatiorExcess Overland Flow (SEOF) or Infiltrati&xcess
Overland Flow (IEOR) or a combination of both). In the case of the South Downs, newly planted
winter cereal fields generally require about 30 mm of rainfall over ad@ayoperiod for runoff to
occur. This threshold is surpassed in all years. Crusting can develop on soils after varying amounts of
rainfall depending on their texture. Well crusted soils give rise to IEOF. This may occur as a result of
one severe storm (e,d83 mm on 7 October 198or 100 mm on 11 October 2000 on the South
Downs) or a series of rainfall events.northern France, Papy and Boiffin suggest that around 450 mm
of cumulative rainfall is required to decrease the roughness of a soil surfacirdicantly plougheal
to fistrongly crustedd this may take place over weeks or morjtsty.

Decisions made at the farstcale greatly influence vulnerability to erosion. It is suggested that the
increased use of the powearrow to produce finer tilthgs9] and declines in organic nat in soils
may have contributed to erosion. Data from the national Soil Inventory of England and Wales shows
carbon losses of 0.6%'yrfor 1978 2003[70]. Some of the decline in organic matter may have been
caused by dilution following deeper ploughioger the last 15 yeaf31]. These changes may have led
to a decrease in aggregate stability and therefore a higher risk of erosion. A later survey confirms
decreases in carbon content of arable soils in Great Bfifd]n Stark contrasts in organic legein
soils related to land use and the history of cultivation are in seen in Table 2. Compaction on fields
associated with vehicle wheel tracks (wheelings) is often observed as the focus of erosion with rills
developing along wheelind§3]. The impact ofwheelings on runoff, sediment and nutrient losses is
examined in a study by Withers et [a14].



Agriculture 2013 3 427

Table 2 Levels of organic carbon in South Downs soils around Houndean, Lewes,
1982 1983[75].

% organic carbon

Land- - M
and-use (8 random samples from within eacHand-use block) ean
Woodland-scrub 65 64 60 6.2 60 65 63 63 6.3
Permanent grassland 124 120 119 122 114 118 11.6 122 11.9

Converted to arable post1978 10.5 11.2 9.8 11.1 11.0 109 8.6 109 105
Converted to arable 19551978 56 57 49 53 50 55 6.0 56 55
Arable pre1945 34 25 32 31 25 33 31 38 31

Loss of field boundaries and therefore increase in the size of fields and the length of slopes is
undoubtedly a factor in many arable areas. But this is accompanied by the tefoddaigye blocks of
the same crop which gives rise to bare ground at the same time of the year and therefore the possibilit
for flows of runoff over long distances. This is well illustrated in the case on the Sompting
catchmen{18] where about 60% of 0 knf catchment was under winter cere&gnple measures to
interrupt flows with small areas of grass solved a seriousitafflooding problem.

wind erosion is related to the enlargement of fields and the production of fine seedbeds, the
increase irarea of springplanted vegetable crops and the draining and conversion to arable of former
peat and sandy lanfi$3].

The major factor in the erosion of the uplands appears to be overgrazing largely by sheep. Evans
shows that the initiation and expansiohbare soil and its subsequent erosion by the weather and
animals was related to the intensity of graZifg. Reduction of sheep numbers reduced erosion. The
high numbers of sheep are a result of the method of subsidy which led to unsustainable nognbers a
ecological damage to heather, and erogath.

3.3. Where isErosion Ocurring?

Several maps have been published showing areas at risk of erosion, all are based on the monitorin
surveys in the 1980s and 1990s plus other published and unpublishedilaire unsatisfactory in
printed form because of scale issues. Most usefully, Evans lists all 296 soil associations in England anc
Wales and classifies them in terms of rj§k]. For example, eight associations &e& high risk of
accelerated erosidmy watep and four at very high risk. The extent of the association is shown on the
sheets of the National Soil Map of England and Wales at 1:250,000[g@hland details of the
associations are in accompanying mempig}.

In general, certain areaseaknown for their susceptibility to erosion under current land use:

1 Red sandstone soils of the East and West Midlands and south Deyamneag.around Retford
(Nottinghamshire), Bridgnorth (Shropshire) and Dawlish (Devon); cases of both water and wind
erosion are recorded in these areas (Figure 6).

1 Chalklands of southern England: not because of the inherent erodibility of the soils but because
of large areas under winter cereals, large fields and compaction along wheelings (Figure 7).

1 Lower Greensand dsiof Bedfordshire, West Sussex and the Isle of Wight which tend to be
intensively farmed with crops such as potatoes, maize, vegetables and some cereals (Figure 8).

9 Silty and fine sandy soils in Somerset gom the Bridport Sands around Yebvi
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The ersion situation in Scotland has not been systematically monitored but a series of studies have
highlighted a problem on arable land in the east of the coultsy69,7983] and in the
uplandg62,63].

Wind erosion was widespread in the Fens, sandlandtiinjhamshire, Breckland and the Vale
of York on peaty and sandy soilBvans reports a series of major erosion events in these areas in the
19608 1980s[3]. Such events are now less common due to changes in crops particularly the expansion
of winter cerals, the loss of erodible peat soils, and the adoption of protective measures.

Figure 6. Erosion on red sandstone soils in south Devon
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Figure 7. Erosion on winter cereal field, Rottingdean, East Sussex, Octobe[3@87

Figure 8. Erosion on LoweGreensand soils, Midhurst, West Susis67.



