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ABSTRACT
The River Cober provides drinking water to the Helston area. It has been recognised by the
Environment Agency that the raw water quality in the Cober catchment is poor. This diffuse
pollution is largely from an agricultural source and consists of sediment, phosphate and
pesticides. This study identifies sites of high pollution risk and the modes of transport to the
watercourse. This was achieved through fieldwork analysis across a number of landcover
types, to identify the causes behind soil loss from farmland and how this reaches the
watercourse. A complex variety of parameters were found to influence soil stability, causing
soil detachment along flow pathways. From the study it was identified that slope steepness
and crop type are the two key factors in runoff and sediment transport. Other influential
factors identified include: soil compaction, vegetation cover and farming practices (e.g.
cultivation direction). Field data was used to create a risk map of the catchment,
highlighting high risk sites and the connectivity of these with the watercourse through
runoff pathways. This information would be valuable for farmers and growers to assist in
crop planning and land management, enabling them to avoid putting high risk crops on high
risk sites.
__________________________________________________________________________________
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1. INTRODUCTION
“There is still one severe flood warning out in the Duchy. The River Cober at
Helston...is still posing a danger to life.” (PirateFM, 2012). Rainfall intensity across the Cober
catchment was a large contributing factor to the flooding events of November 2012 where
continuous rainfall for 6 hours accumulated to 19.4mm (MET Office, 2016b).

Rainfall intensity is defined as the total rainfall volume falling during a set period of time and
is measured in millimetres per hour (mm/h) (Critchley and Siegert, 1991). Rainfall intensity
affects the volume of water which can infiltrate into the soil (Gavin and Xue, 2007);
therefore, when rainfall exceeds the soils infiltration capacity, runoff is generated (Critchley
and Siegert, 1991), as the soil surface becomes saturated (Environment Agency, n.d). This
creates a risk of soil erosion which varies across different land use types in an agricultural
setting, and an additional risk of water pollution from sediment and agricultural fertilisers in
runoff. Soil erosion by water is accountable for 56% of the Earth’s land degradation (Holden,
2012). Dudal (1981, cited National Academy of Sciences, 1993) stated the rate of agricultural
land degradation from soil erosion was causing an irreversible loss of fertile land
productivity of around 15 million acres a year. With arable farming increasing and
intensifying in recent history, this issue will have increased in severity.

1.1. Study site background

Fig.1: Cober Catchment Location, Cornwall, UK. Source: Magic Maps, 2016
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The Cober catchment drains a 53.75km² area of West Cornwall, England (Westcountry
Rivers Trust, 2006) and is situated close to the residential town of Helston (Fig.1). The area
experiences an annual rainfall of 998.8mm (Met Office, 2010). The winter months of
October to January show the highest number of rainfall days and precipitation volumes
(Fig.2). The average annual temperature in the region is around 9.7˚C (Climate-data, n.d).

Fig.2: Average monthly rainfall (mm) for Helston from 2000- 2012. Source: World Weather Online, 2016.

The predominant land use in the catchment is agriculture and this is a source of diffuse
pollution which affects water quality. The European Union (EU) ‘Water Framework
Directive’ (WFD) introduced more rigorous assessment requiring farmers to manage their
land so that ground and coastal waters reach good ecological status. Various designations
and incentives have been set up to achieve this.

2

Fig.3: Surface water, groundwater and
eutrophic Nitrate Vulnerable Zones in and
around the Cober catchment. Scale:
1:125,000. Source: Environment Agency,
2016b.

Fig.4: Drinking Water
Safeguard Zone, located in
the Northern part of the
Cober Catchment. Scale
1:150,000. Source:
Environment Agency, 2016a.

In ‘Nitrate Vulnerable Zones’(NVZ’s) (Fig.3) action is being taken to reduce pollution of
waters by nitrates. Drinking Water Safeguard Zones (Fig.4) “…are designated areas in which
the use of certain substances must be carefully managed to prevent the pollution of raw
water sources that are used to provide drinking water” (Environment Agency, 2015). In the
Cober Drinking Water Protected Area, the land use is causing pollution of the raw drinking
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water which requires expensive and energy intensive treatment to achieve drinking water
standards (South West Water, n.d).

South West Water has developed an initiative: ‘Upstream Thinking’, to improve water
quality in a number of catchments across the region. Through this, the Cornwall Wildlife
Trust is working with farmers in the Upper Cober Catchment to reduce runoff and pollutants
above the abstraction point at Trenear (Fig.4). Amongst tools available, The Common
Agricultural Policy (CAP) finances agri-environment schemes which provide financial
incentives for farmers to manage their land to prevent water pollution (Council of the
European Union, 2013). Water quality is one of the main priorities for the new Countryside
Stewardship Scheme introduced in 2015 (Uk Government, 2015).

Another driving force for improving the water quality in the catchment is the receptor, Loe
Pool. This freshwater lagoon experiences “…enrichment of the waters within the pool,
primarily from agricultural impacts upstream” (Westcountry Rivers Trust, 2006). This issue
has increased in severity since the Second World War, with an increase in large commercial
horticulture causing increased soil degradation and pesticide use (Loe Pool Forum, n.d).
World War II led to an increase in agricultural output, as Britain had to produce its own food
(Woods, 2007). These changes have ultimately led to eutrophication in Loe Pool which has
considerably reduced biodiversity. Today, underwater vegetation has been replaced by
annual algal blooms (Loe Pool Forum, n.d). Loe Pool is a Site of Specific Scientific Interest
(SSSI) and therefore maintaining high biodiversity in the area is of the greatest priority
(Natural England, n.d). Loe Pool is currently in ‘unfavourable condition’ (Natural England,
2017).

Agricultural change is continuing in the catchment as in recent years, growers have been
breaking in permanent grassland and rough land for arable use. This is visible in Fig.5 where
there is a clear increase in the amount of arable land between 2001 and 2014. In the past
year construction of a local Anaerobic Digestion Plant has accelerated this landcover change
in the Cober Catchment. Crops are needed to fuel the plant e.g. maize which was not
previously grown in the catchment (Coleman, 2016).
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Fig.5: Satellite images showing an increase in arable farming in the southern part of the catchment from 2001 (left) to 2014 (right). Source: Google Earth, 2016.

2001

2. LITERATURE REVIEW
Newson (1994) summarised the catchment hydrological cycle (Fig.6), highlighting the key
processes that influence the catchment’s response to intense rainfall and runoff generation.

Fig.6: The catchment hydrological cycle, emphasising the hydrological processes
at work. Source: Newson, (1994). Hydrology and The River Environment (pg.39).

2.1. Rainfall intensity and infiltration capacity
Willis and McDowell (1982) identified that the “Greatest runoff losses occur when rainfall
intensity is high and/ or when rainfall amount is large.”, as does the work of Dunne et al.
(1991). It is probable that rising atmospheric temperatures, as a result of climate change,
are increasing storm intensity (NASA Earth Observatory, n.d), therefore increasing the
likelihood of damaging runoff events.

Factors identified as contributors to infiltration capacity of the soil include: texture,
antecedent moisture content, structure and surface roughness (Environment Agency, n.d).
This agrees with the work of Critchley and Siegert (1991) who add that “The initial capacity
(of a dry soil) is high but, as the storm continues, it decreases until it reaches a steady value
6

termed as final infiltration rate”. This implies that high rainfall intensity leads to increased
runoff volumes. Dunne et al. (1991), state soil texture and moisture are key components of
infiltration. However, Newson (1994) identified that the soils’ infiltration capacity is lower
when the soil surface is dry, therefore generating larger runoff volumes. It is thought
however, that this is not the case when dry soils begin to crack. The research of Liu et al.
(2003) identified soil cracking as the cause for significant increased infiltration rates after
drying by sunlight post-harvest. This also agrees with Novak et al. (2000) who found that in
the presence of soil cracks, water might infiltrate laterally, increasing absorption and
preventing runoff losses.

Morin and Benyamini (1977) also investigated rainfall infiltration on bare soils. They
identified that raindrops form a crust on the soil surface (as a result of impact) which
reduces the infiltration capacity. Specifically, “for every rainfall intensity and drying regime
(although at a different rate) the infiltration decreased to values between 5-8mm/hr”. This
infiltration rate was seen to increase in mulched soil and even more so in straw-mulched
soil, agreeing with the findings of Sharpley and Deasy et al. It was also found that variations
in soil moisture have an effect on the infiltration rate of the soil. This agrees with the
statements of the Environment Agency, Critchley and Siegert (1991) and Roth et al (1985).
who state that soils with a higher infiltration capacity can withstand a higher rainfall
intensity before runoff and erosion occur.

Sharpley (1985) recognised variation in the Effective Depth of Interaction (EDI) at the soil
surface with runoff. He found that an increase in rainfall intensity and slope steepness led to
an increase in the EDI due to an increased runoff energy. Wheat straw was seen to result in
“An avg 73% reduction in EDI” (Sharpley, 1985), therefore resulting in a lower likelihood of
sediment loss from the field. This also agrees with the work of Deasy et al. (2008) who
identified leaving straw on the surface as a treatment for mitigating soil loss. Further to this,
Haynes and Naidu (1998), identified that manure increases the porosity, infiltration capacity
and hydraulic conductivity of the soil, therefore having a similar effect to straw.

Dunne et al. (1991) focused more specifically, on the effects of vegetation which highlighted
that infiltration rates vary across grassland hillslopes due to the interaction of rainfall and
7

runoff with the vegetation microtopography (surface features). “The higher parts of the
microtopography are occupied by greater densities of macropores and therefore have much
greater hydraulic conductivities than the intervening microdepressions.” (Dunne et al.,
1991). They also found that soil below had a greater density of roots and increased
permeability. On slopes, vegetation decreases the average velocity of flow and increases the
residence time, to allow infiltration. Vegetation can also prevent raindrops hitting the soil
surface, causing sealing. The work of Le Bissonnais et al. (2005) agreed with these findings
and also stated that vegetation reduces surface erosion and associated soil particle
detachment which would initiate sediment transport. Jarret and Hoover (1985, cited Dunne
et al.) suggest that the macropores from roots and microfauna, increase the soil
conductivity for percolation. From the investigation it was identified that “Curiously, the
density of vegetation had no discernible effect on infiltration rate” (Dunne et al., 1991).
Poesen et al. (1990) identified that rock fragments on the soil surface can also prevent
sealing and increase water infiltration, as some overland flow can seep under them,
therefore reducing runoff volumes. When these fragments are embedded in the soil
surface, sealing can still occur and resultant runoff volumes increase. The work of Haynes
and Naidu (1998), also suggests the application of manure prevents surface crusting,
breaking up the soil surface similarly to rock fragments as identified by Poesen et al. (1990).

Franzluebbers (2002) identified soil organic matter as one of the key influences of soil
aggregation and water infiltration, and additionally explored soil tillage (ploughing).
“Although tillage is used to increase soil porosity, it is a short- term solution that has
negative consequences on surface soil structural stability, surface residue accumulation, and
surface-SOC” (Soil organic carbon) (Franzluebbers, 2002). Sharpley and Smith (1992) also
found that ploughed fields experience greater runoff volumes, causing increased
detachment of soil as a result of lower infiltration capacity. The organic carbon content of
the soil affects the bulk density. Franzluebbers (2002) developed his findings further and
recognised that untouched soils had a greater infiltration capacity than soil which had
undergone long term tillage, which is thought to be linked to variations in the ratio of SOC.
However, when averaged out, the experiment suggests there is no relationship between
tillage and reduced infiltration capacity, therefore more repetition and further investigation
need to be done on this in order to gain a clearer understanding of the results. Newson
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(1994) recognised soil as having a “plough layer” which is the soil depth that is cultivated.
Roughness of this layer increases soil infiltration, however below this the soil is often
compacted.

2.2. Runoff
Runoff is composed of both delayed flow and quick flow. Delayed flow consists of
groundwater flow and percolation of water through the soil. Quick flow enters the
watercourse soon after rainfall and is dependent on a number of conditions (Summerfield,
1991). The United States Geological Survey (USGS) (n.d) identified a number of
Meteorological factors affecting runoff including: type of precipitation, rainfall intensity,
volume, duration, direction of storm movement and distribution across watersheds. They
also state that the key physical characteristics affecting runoff are: land use, vegetation,
drainage area, basin shape, soil type, elevation, slope, topography and drainage density. The
Environment Agency (n.d) identify landscape features contributing to runoff more
specifically as slope steepness, field tracks/ roads, field size and valley features and the
proximity to a watercourse.

Renard and Foster (1983), derived the equation for factors affecting sediment erosion
through runoff (Fig.7), incorporating the main factors also identified by the Environment
Agency and the USGS.

Fig.7 – Equation for factors affecting sediment erosion. (Renard and Foster, 1983).
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The research of Baartman et al. (2012) found that one extreme rainfall event “…constitutes
42% of total erosion.”, therefore high-intensity events are more influential for shaping the
landscape in comparison to the average, lower intensity rainfall events.

Schulz (2001) found that “Runoff events lead to increases in total suspended sediment levels
exceeding the target water quality range.”, therefore acknowledging that sediment entering
the watercourse is a pollutant.

The FAO states that soil type “determines the water storage capacity and affects the
resistance of water to flow into deeper layers”, identifying highest infiltration in loose, sandy
soils and lowest in clay, loamy soils.

Dabrowski et al. (2002) recognised slope to be the most influential factor in runoff
generation, however this is minimised with the presence of vegetation. Sharpley and Smith
(1992) also found that vegetation reduced surface runoff and erosional soil losses, agreeing
with the work of Dabrowski et al. (2002), Willis and Mcdowell (1982) and the Environment
Agency (n.d). Land use therefore is instrumental in establishing the risk of certain areas to
runoff and soil loss. Franzluebbers (2002) also identified lack of vegetation and exposure of
bare soil to high intensity rainfall leads to crusting, aggregation and erosion, agreeing with
the work of Poesen et al. (1990) and Dunne et al., (1991). Landale et al. (1992, cited
Franzluebbers) stated that ploughing reduces soil erosion by buffering the soil surface from
the impact of rainfall.

“The impact of raindrops on the soil surface and the flow of water in channels (rills and
gullies) are the main agents of detachment” (Morgan, 1992). Dabrowski et al. (2002) agreed
with this; they identified the presence of erosion rills as a major variable in determining
runoff.

Sharpley and Smith (1992) identified that from native grass, soil transport in runoff was
small and “Conversion of native grass to conventionally tilled wheat increased soil loss an
average 80-fold”. This research was further developed by Hartanto et al. (2003). From their
investigation it was recognised that the largest runoff and sediment losses were obtained
10

from the skid plots where tractors had compacted the soil. A “significant linear positive
correlation between runoff and soil loss” was identified.

Gilley et al. (1997) intended to use their research to reduce erosion on vulnerable cropland
and sedimentation associated with this. Lindstrom et al. (1994, cited Gilley et al.) identified
that soil structure improves when arable land is returned to grassland as it increases
stability of the easily erodible soil. They also state that a field recently ploughed from
grassland is more stable than a field which has been arable for a long duration and which
has been continuously tilled. Their findings agree with Sharpley and Smith (1992) and Dunne
et al. (1991) that the quantity of vegetation on the soil surface has a large effect on runoff
and sediment loss through erosion (Gilley et al., 1997). In their initial rainfall simulation
experiment, the sediment loss from the tilled field was 3-4 times greater than the
undisturbed wheat field. Gilley et al. (1997) also identified that vegetation removes excess
nutrients (e.g. nitrates) from the soil, reducing the likelihood of leaching.

Newson (1994) approached the concept of runoff differently to the other researchers, by
looking at the system from the bottom up. He first looked at the groundwater and geology
and states that from this the permeability of aquifers in the basin can be identified which
influences the hydrological properties within the catchment. He identified that micro relief
from plant stems and the associated litter layer (including the upper soil horizons) reduce
overland flow due to their porous qualities, complimenting and adding to the findings of
Sharpley and Smith (1992), Dunne et al. (1991) and Gilley et al., (1997).

Sheet flow can be seen in heavily compacted fields during storm events with heavy
precipitation as a result of exceedance of the soils infiltration capacity. This frequently
occurs at the foot of a saturated slope. Rough soil surfaces are seen to produce less runoff in
comparison with smooth surfaces. Ludwig et al. (1995) quantified this and focused
specifically on rill development from runoff, which led to the generation of a soil surface
roughness index (Table.1).
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Table.1: Soil surface roughness index (Ludwig et al., 1995).

2.3. Pollutants in the water course
The main pollutants are nitrate and phosphate which are dissolved in water, adsorbed by
sediments and transported to the water course (Négrel et al., 2014). Excessive nutrients
cause an increase in aquatic plants such as algae which form toxic blooms, changing the
dynamics of the ecosystem as many flora and fauna species cannot survive in the anoxic
conditions (Smith et al., 1999). The source of these pollutants are fertilisers and manures.
Slurry and farmyard manure also contribute bacterial contamination, such as faecal
coliforms to the watercourse (Trevisan et al., 2002); which frequently lead to the formation
of ‘sewage fungus’ (Curtis, 1969).

Phosphate is only mobile when bonded with soil particles (Environment Agency, 2006).
Kleinman et al. (2010) states that phosphorous (P) from agricultural soils leads to
enrichment in surface water which enters waterways via runoff. This leads to a reduction in
water quality and ultimately eutrophication. From research, they identified that major
sources of P were from small sources within the catchment, known as ‘critical source areas’.
These are “…zones within a watershed where elevated concentrations of P coincide with
hydrologic flow pathways that readily transfer the P to runoff.” (Kleinman et al., 2010).
McDowell and Srunivasan (2009, cited Kleinman et al., 2010) suggest that impermeable
areas such as animal tracks in grazed fields are the cause for the majority of phosphorous
lost during small storms, therefore complimenting the work of Kleinman et al.

Pesticide is another pollutant that enters the watercourse via runoff. Willis and McDowell
(1982) acknowledge 3 main factors affecting pesticide concentrations in runoff. These
include:
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 Rainfall intensity and duration - high intensity or large volumes of rainfall result in
greatest pesticide losses (Franzluebbers, 2002; Poesen et al., 1990; Dunne et al.,
1991).

 Period between application of pesticide and rainfall – major rainfall events soon
after application result in largest losses as recognised by Schulz (2001).

 Rainfall and properties of the pesticide- They found that “pesticide formulation and
solubility, and the chemical and physical properties that determine a compound’s
persistence, play a major role in how much is lost in runoff.” (Willis and McDowell,
1982).

2.4. Measures to reduce soil loss
Holden (2012), states that it is essential to reduce the rate of water flow over the soil
surface to prevent erosion. Methods include contour ploughing, strip and alley cropping,
cover crops, rotation farming, agro-forestry practices and stock level adjustment. These
methods will not always prevent soil erosion but can be used to reduce the severity of soil
loss.

Willis and McDowell (1982) identified that loss of pesticides from arable farmland result in
water pollution issues, with losses from runoff of the highest concern as they directly enter
the watercourse. “The behaviour of pesticides in soil is influenced by a number of factors
including their chemical properties, climate and soil type (particularly soil texture)” (Holden,
2012).
Patzold et al. (2007) found that pesticide application to bare sloping land is at particular risk
and further to this, Morgan (2005, cited Patzold et al.) identified that maize fields were
particularly vulnerable to soil loss after a heavy rainfall event.

Patzold et al. (2007) identified that buffer strips significantly reduce runoff volumes and
worked effectively to trap all sediment contained within. The 12m grass strip was identified
as the best prevention for the loss of herbicides contained within this sediment. The work of

13

Dabrowski et al. (2002) and Mickelson et al. (2003) agrees with this, identifying a 9.1m
vegetative filter strip as the most efficient mechanism for trapping sediment. Deasy et al.
(2008) also agree with this statement and further developed the research into other
mitigating factors. They identified tractor wheelings as the main factor in sediment loss from
arable fields as they form runoff pathways. They found reduction in runoff and sediment
loss can be obtained by breaking up tractor wheel tracks using a tine, which increases the
surface area for infiltration. Fields where this had been conducted were seen to achieve
similar results to fields where tractor wheelings were absent.

It was identified that contour cultivation reduced phosphorous losses from arable land in
comparison with “up-and-down” slope cultivation (Deasy et al., 2008). However, research of
Catt et al. (1992, cited Morgan) found that although contour ploughing minimises runoff
generally, this is not always the case in heavy rainfall. Pooling of water in the furrows results
in a longer contact time with the soil and fertilisers; therefore, leading to an increased
pollution risk when the cross slope ridges are broken.

Baker and Laflen (1983) investigated conservation tillage which involves leaving deposits
from the previous crop on the soil surface. This minimises erosion and sediment loss from
the fields in the winter months when rainfall is high with an increased storm frequency.
These findings agree with those of Deasy et al. (2008).
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3. RATIONALE
This literature review has identified the key hydrological processes influencing catchment
runoff generation. Rainfall intensity and soil infiltration capacity are widely recognised as
the key factors producing runoff and soil erosion. These are intimately linked with soil
moisture content and slope which can be counteracted by surface vegetation and
roughness, and in-soil organic matter. Land use and crop type are therefore key, influencing
runoff rates and sediment transport. Crop rotations are important in preventing soil surface
compaction, which has been acknowledged as a contributing factor in runoff generation.
The literature review also looked at the movement of pollutants to the watercourse with
transported soil, and measures that can be taken to reduce runoff and sediment transport.

Up until now, research focussing on the Cober Catchment has been lacking, particularly in
the knowledge of sediment movement and its sources. Field study is needed to investigate
the exact processes responsible for runoff and sediment loss. Then, with a particular focus
on variations in crop type and slope, a risk map of the Cober catchment can be created. This
will identify areas of high risk. Then by exploring their connectivity to the river through
runoff pathways, the main sources of this sediment and pesticide pollution can be
identified. Mitigating factors can then be considered to prevent associated freshwater
contamination from these sites.

It is thought that increasing storm intensity and a trend towards increased cropping are
exacerbating the issues of runoff and soil loss in the Cober Catchment, therefore making
research current and of increasing importance in the context of a changing climate.
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4. AIMS, OBJECTIVES AND HYPOTHESES
4.1. Overall research aims
1) To identify the key parameters responsible for runoff and sediment loss and how this
varies across different land cover types.
2) To create a risk map of the Cober Catchment, Helston, Cornwall. This will use results from
fieldwork to identify the risk of soil erosion, caused by different land cover types and
farming practices, coinciding with runoff flow pathways through the catchment.

4.2. Objectives
4.2.1. Fieldwork
To identify surface runoff volumes and sediment loss variations across different land cover
types on a variety of slope gradients. Details such as soil structure and erodibility,
management factors and conservation practices evident in each site will be recorded.

4.2.2. Geographic Information System (GIS)
To identify the varying slope and land cover types across the whole catchment and assign a
risk rating for runoff and sediment loss. To combine this with runoff pathways across the
landscape and identify the coincidence of these with high risk areas to highlight sites with a
potential to cause pollution.

4.3. Hypotheses
Surface runoff and soil loss will be greatest on:
 fields of arable farmland, particularly daffodils and maize
 fields with a steep slope
 fields with higher levels of soil surface compaction

Where these locations coincide with runoff pathways, there will be a high connectivity with
the watercourse which will lead to transport of pollutants to the river.
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5. METHODOLOGY
5.1. Fieldwork
5.1.1. Site selection
The Cornwall Wildlife Trust ‘Upstream Thinking’ Project officers advised on suitable areas to
carry out fieldwork. Their knowledge of crop locations and approachable farmers/ growers,
was used to identify a number of farms with varying terrain and crop types. Two sites were
selected in the upper, northern section of the catchment and four in the lower (Fig.8). Fields
of barley, maize, daffodils, improved grassland and semi-improved grassland were identified
across these sites, to investigate how these varying crop types affect rainfall runoff and
infiltration. Definitions of improved and semi-improved grasslands can be found in Appendix
A. Precise locations are not identified to maintain landowner confidentiality. Photos of each
site are displayed in Appendix B.

Fig.8: The Cober Catchment, Helston Showing Field Site Locations.
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5.1.2. Simulating a rainfall event
Equipment had to be created to realistically simulate a rainfall event and collect any
resulting runoff (Fig.9). 1.5mm holes were drilled into a plastic tub (200x250ml) which was
suspended 0.5m above the soil surface. Raindrops are considered to be between 0.5mm4mm, after which they are believed to separate into two droplets (USGS, 2016) which
helped with hole size selection. An enclosure (0.5m²) was made (of preformed stainless
steel extrusion) to define the sample area. These blades were inserted into the soil to a
depth of approximately 2cm, forming a surface seal. A funnel was attached to the
downslope end of the enclosure to channel the runoff and transported sediment into a
container (Fig.9).

Fig.9: Left and above: Equipment for simulating rainfall, collecting runoff and
transported sediment. Source: Hocking, 2016.

Estimated infiltration capacity of the soil was obtained from a single plot at each site,
(representative of the field) where 100ml increments of water were applied to the surface
until runoff occurred. At this point the total simulated rainfall volume was recorded as the
soils infiltration capacity. From this the volume of water required to produce runoff at each
site could be calculated. This was then used to inform the amounts of water to be poured
onto the sample plots, which was kept constant for all plots at each site.
To obtain runoff volumes and identify sediment transport, 500ml increments of water were
applied to each plot and any runoff (including transported sediment) was collected in a
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graduated beaker. The overall runoff volume could then be measured when the total
simulated rainfall had run its course. Any runoff samples containing sediment were retained
for filtering and drying later.

5.1.3. Field characteristics
Slope
Slope was measured using a digital inclinometer which was placed on the plot surface to
obtain a reading in degrees.

Soil surface compaction
Soil surface compaction was measured to a depth of
approximately 10mm in each field using a Proctor
Penetrometer (Fig.10), following the product manual
method (Humboldt Mfg.Co., n.d) using a 645.16mm²
foot. Several measurements were completed and an
average taken. This was done for the general field
surface (uncompacted) and the compacted tractor
‘wheelings’.

Soil erodibility
General comments were made on the soil erodibility at
each plot, including texture, structure and organic

Fig.10: Proctor Penetrometer to measure
soil surface compaction. Source: Hocking,
2016.

matter. Additional factors such as the presence of earthworms or organic matter were
noted.

Management and conservation practices
Soil cores were taken using a Gouge Auger and a test pit was dug at each site to examine
the soil structure. Comments were also made on land management and soil conservation
practices. These included any terracing, contouring, bunds, direction of ploughing.
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Soil structure
A bulk soil sample (approximately 10kg) was taken from each site for later analysis of
particle size distribution.

5.1.4. Laboratory Analysis
Transported sediment mass
To calculate the weight of sediment lost from each plot, pre-weighed filter paper was used
to recover the sediment. The sediment and filter paper from each site were placed in the
oven at 105-110˚C until constant mass was reached. These were allowed to cool and then
weighed, subtracting the filter paper weight, to obtain the mass of sediment lost from each
plot, based on the principle in British Standard, method 3.2 (BS 1377-2: 1990).

Particle size distribution and Soil moisture
Wet gradings were conducted on soil samples taken from each site following the British
Standard, method 9.2 (BS 1377-2: 1990) to calculate particle size distribution (Fig.11). Soil
moisture content was also carried out on the samples using the British Standard, method
3.2 (BS 1377-2: 1990).
Fig.11: Left: Sieve Shaker used
for grading sediment. Right:
Final product of the grading’s,
showing the particle size
distribution.
Source: Hocking, 2016.

5.2. GIS
ArcGIS was used to create a risk map of the catchment. Fig.12 details the methodology.
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RASTER TO POLYLINE
So line properties can
be changed to make
clearer
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Landcover Raster

RECLASS
Assigned values:
0-3=1
3-7=2
7-35=3

OVERLAY
For detailed analysis
enabling comparison
with fieldwork data

RECLASS
5=arable
1=all other
(arable identified as
high risk)

MOSAIC
Join separate
tiles together
to form one
layer

Fig.12: Flowchart showing the methodology for creating a catchment risk map using Arc GIS
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Slope steepness and landcover type variations result in a scale of soil loss risk in the
catchment. Threshold values for slope risk were based on Natural England’s Countryside
Stewardship scheme (Fig.13).

Fig.13: Slope value thresholds for runoff risk. Source: Natural England, 2015.

From preliminary results of the fieldwork it was clear that arable land presents a high risk of
soil loss compared to other landcover types. This was also used to classify high risk land use
types for the map.

The Environment Agencies ‘Rolling Ball Model’ was used to identify connectivity of these
high risk sites to the water course. The ‘Rolling Ball Model’ is an ArcHydro analysis for
Cornwall which identifies flow pathways of surface water flooding.
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6. RESULTS AND ANALYSIS
6.1. Graphical Results and Analysis
Data collected from fieldwork has been interrogated using graphical analysis, the results of
which are presented below.

R²=-0.894

Fig.14: Average runoff response with increasing infiltration capacity across all sites.

Fig.14. shows that for average values across all sites, there was a strong negative correlation
(R² value= -0.894) between percentage runoff and infiltration capacity. Anomalies at each
site were due to high runoff from compacted tractor wheelings.
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R²=0.8378

3-Year daffodil
field

Fig.15: Average runoff response with average slope gradient across all sites.

Fig.15 highlights average runoff response for the majority of sites displayed a strong
positive, linear correlation with slope gradient (R²= 0.8378). The 3-year daffodil field is an
anomaly with an average runoff response of 9% on a 10.5˚ slope due to very high infiltration
capacity.

R²=0.9732

R²=0.2208
R²=0.0012

R²=0.2934

Fig.16: Sediment loss with increasing volume of runoff (%) for all sites.
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Fig.16 shows sediment loss with increasing percentage runoff at each site. Neither grassland
site exhibited any sediment loss. The 1-year daffodil field demonstrates a very strong, linear
relationship (R²=0.9732), with mass sediment loss in comparison with the other crop types
studied. Barley, maize and the 3-year daffodil fields all display an extremely weak positive
correlation, suggesting greater soil stability compared to the 1-year daffodil field, with all R²
values below 0.3.

Fig.17: Comparison of average
runoff and sediment loss at each
site.

Fig.17 enables a direct comparison of average runoff and sediment loss values for each crop
type. The 1-year daffodil field displays an extremely high average sediment loss of 47g,
considerably greater than the other crop types studied, particularly in relation to the
relatively low runoff value from that site, indicating a highly unstable soil. Maize and the 3year daffodil field both experienced sediment loss, however this was minimal in comparison
with the 1-year daffodil field. No sediment loss was recorded for the barley field.

Both grasslands showed high percentage runoff values compared to the arable crops,
however no sediment loss was observed. In the semi-improved grassland, not all of the
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water appeared to reach soil surface as the dense grass formed a mat of vegetation. A core
showed that infiltration was only occurring to a depth of 20mm and beneath this the soil
was bone dry.

Fig.18: Average penetrometer
resistance and sediment loss for
each crop type.

The average penetrometer resistance readings taken at each site showed a weak
relationship with the average sediment loss values (Fig.18). The results do however show a
strong negative correlation for the 1-year daffodil field, where a very low average soil
resistance was recorded (80 kPa) associated with a high average sediment loss.
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Fig.19: Particle size distribution chart for each crop type.

The majority of soil gradings conducted on samples from each site (Fig.19) show a relatively
even particle size distribution and are therefore well graded. The graph indicates that the
semi-improved grassland is ‘gap graded’ with coarser particles in a finer matrix, this agrees
with the soil texture/ structure observations (Appendix D). It also has the largest average
particle size of all of the sites studied, due to the presence of this coarser material. The 1year and 3-year daffodil fields show a much finer particle size, with 20% and 45% of the
samples, respectively, passing through the 63μm sieve. The remaining crop types all show a
similar trend of size distribution.

General field observations for all sites are shown in Appendix D. The 1-year daffodil field had
the highest soil density (1.243Mg mˉ³) across all measurable sites. However, this may be
due to the visual absence of organic matter, with corresponding lower moisture content,
compared to the barley and maize fields. It is not indicative of compaction. Cores were not
obtained from the 3-year daffodil, improved grassland and semi-Improved grassland as the
soil was too dense or stony to drive in the core cutter. The semi-improved grassland had the
lowest soil moisture recorded of all crop types (13.6%). Manure had recently been spread
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on the improved grassland, which appeared to have been absorbing water. Surface chaff in
the barley field appeared to be having a similar effect.

6.2. Mapping Results and Analysis
Fig.20 shows the risk map created for the entire Cober Catchment highlighting the land at
high risk of soil loss. It can be seen that the majority of these areas are in close proximity to
the watercourse, with high connectivity through runoff pathways.

Figs.21 and 22 are larger scale risk maps showing the site locations in detail.
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Fig.20: Sediment transport risk map of the Cober Catchment, overlain by runoff pathways to highlight connectivity with the
watercourse.

29

Fig.21: Sediment transport risk map of northern sites.
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Fig.22: Sediment transport risk map of southern sites.
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Fig.21 shows the barley site was ranked 5/6 for risk, with two distinct runoff pathways. The
maize site was considered very low risk, ranked 1-2, with one runoff pathway. Fig.22
displays sites in the south of the catchment. The improved grassland field was classified as
high risk in comparison with the adjacent semi- improved field. A runoff pathway in each
field links to the nearby tributary. Both the 3-year and 1-year daffodil sites are located in
high risk areas, with the 1-year field showing two long runoff pathways, connecting to the
watercourse, one of which is linked to the field above.
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7. DISCUSSION
Slope steepness appears to be the most dominant factor in runoff and sediment transport,
showing a positive linear relationship (Fig.15), complying with the work of Dabrowski et al.
(2002). The only result not supporting this, the 3-year daffodil field, can be explained by very
high average water infiltration of over 2000ml, resulting in very little runoff (Fig.14). There
was an extremely large range in the infiltration capacity across this field, with 3 sites
(compacted wheelings) experiencing runoff after 1500ml of simulated rainfall but one
extreme value of 9500ml (in a furrow between two rows) produced no runoff. At the sites of
high infiltration there were visible cracks, thought to be the cause of the increased
infiltration. This assumption fits in with the research of Liu et al. (2003) and Novak et al.
(2000) as the dry soil surface appeared to be the cause of this cracking. Additionally, the site
of highest infiltration had the largest visible fissures, indicating a positive correlation with
fissure size and the soils infiltration capacity. This cracking would allow water to infiltrate
laterally, increasing absorption. It is thought to be exacerbated by the lack of soil structure
resulting from stone removal as part of the cultivation process.

The strong linear, positive correlation between runoff and soil loss in the 1-Year daffodil
field agrees with the findings of Hartanto et al. (2003). The barley, maize and 3-year daffodil
fields only displayed a weak correlation. No sediment loss was recorded for either of the
grassland fields or the barley (fig.17) despite them being classified as moderate to high risk.

Research on the barley field was conducted after harvest, as access to plots within the field
was not possible whilst the crop was standing due to its density. From other research it
could be suggested that straw debris on the surface affected the results. This reduces soil
loss (Sharpley, 1985; Baker and Laflen, 1983) by reducing the EDI (Deasy et al., 2008) and
additionally increasing infiltration rate (Morin and Benyamini, 1977). This field is identified
as high risk (Fig.21) and had a relatively high average runoff of 15%, so although this harvest
debris may have increased infiltration to some extent, it is thought that the surface chaff
may have played a part in preventing surface sediment movement.
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The lack of sediment loss on the improved grassland field corresponds with the work of Le
Bissonnais et al. and more specifically with Gilley et al. (1997), who suggest increased soil
structure and stability after return from arable land. From satellite images it can be
identified this field has been previously ploughed. The improved grassland has a
considerably higher risk rating (Fig.22) than the semi-improved grassland and therefore
increased runoff would be expected. The improved grassland however, produced less runoff
in comparison with the semi-improved. The improved-grassland had recently been spread
with manure and this could have been increasing the soils’ porosity and infiltration capacity
(Haynes and Naidu, 1998), explaining these results. It could alternatively have been as a
result of the varying grass densities (Appendix D), with the improved field displaying clumps
of grass and moss whereas the semi-improved grassland appeared to be a dense, thick turf.

Dunne et al. (1991) identified microtopography as a factor in increasing infiltration and
decreasing flow velocity downslope. This was the case in the improved field as the grass
tufts and uneven surface appeared to slow flow enough to enable infiltration; however, in
the semi-improved field it appeared water ran over the surface vegetation. This disagrees
with the work of Dunne et al. (1991) as runoff was increased. This finding also disagrees
with Le Bissonnais et al. (2005) as vegetation macropores and microfauna was not observed
to influence percolation.

The semi-improved field had the lowest soil moisture content (13.6%) of all sites (Appendix
D) and a core taken signified a lack of infiltration beyond 20mm depth (Fig.23). This is likely
to also be partly due to compaction, as can be seen from the dense soil structure in Fig.23
which is supported by a significant penetrometer resistance reading of over 1000 kPa
(Fig.18), the highest across all sites visited.
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Fig.23: Left: Lack of infiltration in the semi-improved grassland.
Above: Soil core showing infiltration to a depth of 20mm.
Source: Hocking, 2016.

The 1-year daffodil field showed dramatic sediment loss in comparison with the relatively
low runoff volumes produced. There appeared to be surface crusting which ties in with the
work of Morin and Benyamini (1977) who suggest this reduces the soils infiltration capacity
and also the work of Gilley et al. (1997) who identified sediment loss as being greatest from
tilled fields. Field observations also noted the soil surface was dry, which could have further
reduced the infiltration capacity and increased runoff volumes (Newson, 1994). This site was
planted one week prior to fieldwork and therefore the soil surface would have been very
unstable. This recent cultivation would have also
reduced the soil structural stability as identified by
Franzluebbers (2002), causing this high sediment loss,
also agreeing with the work of Sharpley and Smith
(1992). Small rock fragments on the surface (Fig.24)
may have assisted infiltration in an otherwise sealed
surface, as identified by Poesen et al. (1990), however
further research would need to be conducted to
Fig.24: Rock fragments on the surface of the
1-year daffodil field. Source: Hocking, 2016.

confirm this
.
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Ploughing was identified by Landale et al. 1992 (cited Franzluebbers) as a factor reducing
erosion by buffering the soil surface from rainfall impact. Cultivation methods for planting
bulbs do not create the same surface roughness as ploughing. Ridge formation over bulbs
created soil instability in the 1-Year daffodil field, increasing vulnerability to intense rainfall.
The soil structure has also been altered by the removal of large stones which would
otherwise interfere with the harvesting process. The resulting fine soil (Fig.20) is more
susceptible to transport. The 1-Year daffodil field did not experience significant runoff in
relation to the vast quantity of sediment lost. This may be due to the open structure of the
soil after recent cultivation. Franzluebbers (2002) also found that untouched soils have a
greater infiltration capacity than soil which have undergone long term tillage. This disagrees
with the findings in the Cober catchment, with all arable fields displaying much greater
infiltration capacities than the untouched grassland fields which produced the largest runoff
volumes. This could be due to compaction from stock trampling and vehicle movements.

Across all sites it was found that the greatest runoff volumes were from compacted areas,
agreeing with the work of Hartanto et al. (2003). In daffodil fields, although the overall
compaction measurement was low, there was a considerable difference between the bulb
rows and compacted tractor wheelings. For example, in the 3-year daffodil field the
infiltration rate was high in the uncompacted rows (with a penetrometer reading of 550kPa)
and low in the compacted wheelings. An extremely compacted plot (penetrometer reading
of around 1000kPa) located on a main tractor route (Fig.25) had an infiltration capacity
below 1000ml and was the only plot to lose sediment (28.1g). This concentration of runoff
into channels increases likelihood of sediment mobilisation, agreeing with the work of Deasy
et al. (2008).
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Fig.25: Left: Compacted wheeling in the 3-year daffodil field. Right: Volume of runoff and associated sediment. Source:
Hocking, 2016.

There was no correlation identified between soil moisture (Appendix D) and infiltration
capacity. Other factors appear to be more instrumental in increasing absorption but further
research needs to be done to quantify this. For example, cracking would have affected the
infiltration results in the 3-Year daffodil field and compaction could have prevented further
infiltration in both the grassland fields. Soil in the barley field had the highest moisture
content (34.7%) as torrential rainfall occurred 3 days prior to fieldwork. However,
infiltration capacity was affected by chaff on the surface, so cannot be directly attributed to
the high moisture content.

Surface roughness appears to be another dominant factor in runoff generation. Based on
the roughness index of Ludwig et al. (1995), the arable crops were assigned a grade as
follows:
Barley- R1
Maize-R1
1-Year Daffodil-R1
3-Year Daffodil- R0

These values were established from observations (Appendix D) and penetrometer resistance
values to indicate degree of compaction. It was hoped these roughness values would show
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more variance to support previous findings, however due to the time of year and associated
cropping stage, these were all very similar. The grasslands did not fit into this index as it was
designed for arable land.

Maize is usually seen as a high risk crop, generating high runoff and sediment loss. It
exhibited high compaction with a penetrometer resistance of almost 1000kPa, and a high
level of sediment loss in relation to runoff (Fig.18). This site however did not have high
runoff, partly due to the low risk rating (1-2) as seen in Fig.22. The overall slope of the field
is low enough to eliminate it as a high pollution risk, whilst the presence of vegetation, binds
and protects the soil (Bissonnais et al., 2005). However, after harvest the risk factor will
increase.

7.1. Case Study: Storm event
A heavy storm event occurred on the 13th-14th September 2016, just after fieldwork, with
48.2mm of rainfall in 12 hours and a maximum intensity of 30.6mm recorded in one hour
(Met Office, 2016c). Torrential downpours were widespread across Cornwall (Fig.26), with
white areas representing rainfall intensity exceeding 32mm per hour.

Fig.26: Rain radar image of South West
England, 13th September 2016. Source:
Met Office, 2016a.

An additional visit to the high risk 1-year daffodil field the day after this intense storm event
supported many of the fieldwork results. Baartman et al (2012) identified 42% of erosion
will occur as a result of one significant rainfall event. The large volume of storm runoff had
enough velocity to carve a channel down the middle of the field (Fig.29), causing sediment
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loss, agreeing with Morgan (1992) and Dabrowski et al. (2002). Daffodil bed construction
exacerbated erosion, as furrows pointed downhill from both sides (Fig.30), channelling
runoff into this main route-way. Fig.27 confirms that the risk map and predicted runoff
pathways are an accurate representation of reality.
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Fig.27: Sediment transport risk in the 1-year daffodil field, the Cober Catchment, Helston.

The Environment Agency (n.d) identified slope steepness and field size to be two key factors
in quick flow generation as defined by Summerfield (1991). This was evident in the 1-year
daffodil field as the field above was another high risk site (Fig.27). A gap in the hedge
between these two fields (around an electricity pole) was a major contributing factor in the
severity of sediment loss. The combined field lengths increased runoff volume and overland
flow velocity reaching the 1-year bulb field, resulting in severe scouring.

A 5m grass buffer strip (Fig.28) at the top of the field did not reduce flow or trap sediment
as the velocity and volume of runoff from the field above was too high; this therefore
flattened the grass. The research of Dabrowski et al. (2002), Mickelson et al. (2003) and
Deasy et al. (2008) identified larger buffer strips such as 9-12m were more efficient in
trapping sediment.
Fig.28: The 5m grass buffer
strip at the top of the 1-year
daffodil field.
Source: Hocking, 2016.
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Fig.29: Main runoff pathway from the upper field, through the gap in the hedge. (exposed daffodil
bulbs in foreground). Source: Hocking, 2016.

Fig.30: Left: Runoff risk in the 1-year daffodil field. Right: After the storm showing main runoff pathway
through field.
Source: Hocking,2016.
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The storm event also illustrated how tractor wheelings form runoff pathways, resulting in
sediment loss supporting the work of Deasy et al. (2008).

Fig.31: Runoff channels formed in tractor wheelings. Source: Hocking, 2016.

Newson (1994) recognised that sheet flow occurs at the foot of a saturated slope, in
compacted fields, during storm events. This was seen in the 1-year daffodil field as the
bottom of the rows were washed out as evident in Fig.32.
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Fig.32: Sheet flow occurring at the foot of the slope. Source: Hocking, 2016.

Other mitigating factors were used to reduce sediment loss, including cross ploughing at the
bottom of the field as seen in Fig.33. It appears that this method is successful to some
extent, but cannot withstand a period of intense rainfall which generates large runoff
volumes, complying with the research of Catt et al. (1992, cited Morgan). The overland flow
broke through many of the rows, but slowed sufficiently to deposit vast quantities of silt
(Fig.33), demonstrating this as an effective method for catching sediment loss from the top
of the field. Although, in this large scale storm these were insuffient to intercept all of the
runoff, which even broke through the Cornish hedge bank to reach the stream at the
bottom of the site (Fig.34). This increased total suspended sediments in the river, agreeing
with Schulz (2001) as seen in Fig.34.
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Fig.33: Runoff breaking through
the cross ploughing. Source:
Hocking, 2016.

Fig.34: Left: Deposited sediment after runoff broke through the
hedge at the bottom of the field. Right: Suspended sediment
pollution in the stream beyond the hedge. Source: Hocking,
2016.

It is likely that if fertilisers or pesticides had recently been spread on this field, some would
have entered the watercourse through sediment attachment as recognised by Négrel et al.
(2014) due to the high rainfall intensity (Willis and McDowell,1982), with greater rainfall
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volumes resulting in larger pesticide losses (Franzluebbers, 2002; Poesen et al., 1990 and
Dunne et al., 1991).

7.2. Limitations and recommendations for further work
An attempt was made to apply the Universal Soil Loss Equation to quantify the likelihood of
soil loss for different crop types. The equation applies parameters to characteristics such as
soil variations, crop type and management practices. However, difficulty was encountered
in quantifying parameters within the catchment due to lack of available material on
threshold values applicable to the UK’s soil and specific crop types. This method would have
estimated soil loss from the different study sites well. Further exploration of this is
recommended in the future to quantify soil loss to supplement this study.

During fieldwork the rainfall simulation could have been improved. The small plot area
meant that this was not an accurate representation of how the whole field would react and
increased the significance of factors such as grass tufts. A better representation could be
achieved in the future with a larger size plot and even distribution of rainfall across this.

The Proctor Penetrometer foot was not able to penetrate resistant soils. If this experiment
was to be repeated, a needle or cone penetrometer could be used to obtain a compaction
reading from the grassland fields. This would provide additional evidence and potentially an
explanation for the unexpectedly high runoff values for both grassland fields.

Changing landcover can decrease reliability of risk mapping. The 2007 OS Landcover map
was used to ascertain crop type for the risk analysis as this was the most up to date
information that could be accessed. Current information is essential, therefore use of high
frequency satellite imagery would provide more accurate identification of high risk crops
and enable production of a precise risk map.
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Fig.35: Proximity to a watercourse thresholds of runoff risk as identified by Natural England. Source: Natural England, 2015

It is evident from Fig.35 that proximity to a waterbody is also to be considered for
calculating risk. This was not included in the initial risk calculation due to the very high
resolution (small raster cell size) of the runoff pathways. As a result, in order to incorporate
runoff pathways and the river channel into the risk rating, the resolution of the map would
have to be decreased, therefore giving a less detailed risk rating across the whole
catchment. This would not allow analysis of varying risk in individual fields. Alternatively,
resolution of the other layers could be increased to that of the ‘rolling ball model’, however
this would make an excessively detailed map that would be hard to interpret. A
recommendation for further work would be to overlay the runoff pathways and main river
onto the risk map, to enable visual analysis of the proximity and connectivity of the high risk
areas to the watercourse.
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8. CONCLUSION
Significant variations in runoff and sediment loss were identified across the different land
cover types studied. Arable farmland was identified as high risk for sediment loss with the 1year daffodil field producing the largest sediment loss of all the sites, making it the highest
pollution threat. This risk was seen to decrease with colonisation of natural vegetation
(increasing soil stability), and when desiccation cracking occurs. This increases the soils
infiltration capacity as identified in the 3-year daffodil field.

A strong, linear positive correlation was identified between runoff and soil loss in the 1-year
daffodil field, with barley, maize and the 3-year daffodil showing a weak trend. No sediment
loss was identified in the grassland fields as predicted prior to the investigation. Slope was
also found to be a key contributing factor to sediment loss, showing a strong, linear positive
correlation.

Where steep slopes and arable farmland coincided with runoff pathways there was high
connectivity with the watercourse, resulting in pollution after intense rainfall, such as that
observed in the storm on the 13th-14th September 2016. It was identified that although
these are the key factors, there are many other contributing aspects which influence the soil
properties and risk of soil erosion.

Farming practices were seen to influence runoff generation and sediment loss such as
ploughing/ cultivation direction and soil compaction. Downslope ploughing was seen to
increase runoff and sediment loss as water was channelled, increasing erosive power.
Compacted soils were seen to produce the highest runoff volumes and soil erosion as a
result of reduced infiltration capacity. This was identified across all sites, with compacted
tractor wheelings generating the highest runoff values and sediment loss across all arable
crop types.

Vegetation protects the soil surface from sediment loss and even remnants of previous
crops left on the surface (e.g. chaff) were seen to have a similar effect. With the addition of
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vegetation, soil thought to be compacted did not lose any sediment even though high runoff
values were obtained.

Moisture content was not seen to have any influence on infiltration capacity in this study,
however other factors at each site influenced the results so a direct comparison was not
possible. Further analysis would need to be done on the same crop type under varying soil
moisture conditions to investigate this further.

Maize was not identified as a high risk crop in this investigation, as initially predicted,
however further research would need to be done on this as the site investigated was in the
lowest risk category. No high risk maize sites were identified for study in the catchment. It is
likely that this crop would be a pollution threat in a higher risk field, due to the late harvest
date and exposure of bare soil to winter rain.

The semi-improved grassland showed incredibly high runoff rates, greater than those
identified in the improved grassland. This was unexpected, especially as the improved
grassland had a higher risk rating. Additional research would need to be done to investigate
the cause of this. It is suspected that compaction is a possible explanation.

Mitigating factors such as grass buffer strips and contour ploughing/cross cultivation can be
successful in reducing sediment loss from a field. It was however observed that in periods of
intense rainfall, these cannot always withstand storm events and measures are needed to
prevent overland flow reaching critical volume and velocity.

In addition to the recommendations for further work already discussed, future research
should include sampling of replicate sites for each crop type, to increase reliability of results
by allowing other variables to be eliminated. Improvements could also be made to the risk
map by incorporating the runoff pathways, river connectivity and proximity to the
watercourse when assigning risk values. This will provide increased map resolution for more
accurate identification of high risk sites. This would then allow more specific targeting of
mitigation measures to prevent river pollution.
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APPENDICES
APPENDIX A: Definitions
Improved Grassland- grasslands that have been so affected by agricultural modification
(e.g. use of artificial fertilisers, pesticides, slurry, intensive grazing) that they have lost many
of the original species of the unimproved pasture (Joint Nature Conservation Committee,
1993).

Semi-improved grassland- grasslands that have undergone some agricultural modification
but have a wider range of species than improved grasslands (Joint Nature Conservation
Committee, 1993).
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Appendix B: General field and ground surface pictures

1-year daffodil field.

3-year daffodil field.

Maize Field.
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Barley Field.

Improved grassland Field.

Semi-improved grassland Field.
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Appendix C: Data Sources for GIS Methodology (Section 5.2)

Data

Source

OS landcover 25m raster

Digimap

OS topography mastermap raster

Digimap

Rolling ball raster

The Environment Agency

OS open rivers polyline

Digimap

59

Rows perpendicular
to slope.

Farming Practices

SemiImproved
Grassland

Rows perpendicular
to slope.
1-Year
Planted 1 week ago.
Daffodil
Rows downslope.
Cross rows at base.
3-Year
Contour ploughed at
Daffodil
base of slope along
runoff route way.
Improved Manure recently
Grassland spread on field.

Maize

Crop
Type
Barley

Appendix D: Field observations

Top of rows cracked/
deep fissures. Lots water
soaked up by moss?
Lots of clover, thicker
clumps of rye grass and
moss across field.
Very thick turf.

Bare surface between
stems. No vegetation.
Recent rain has capped
the soil slightly.

Chaff present

Surface Observations
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13.6%

Very dry and
friable with
cobbles of
angular slate.

Small stones.

17.4%

Depth of
infiltration to
20mm in corebelow this
bone dry.

Very dense/
compacted.

Clayey, loose
gravelly sand.

Gravelly.

Soil Texture/
Structure
Peaty, Clayey
dark.

23.2%

15.8%

34.7%
29.1%

Soil very moist
(Torrential
thunderstorms
3 days prior).

Soil Moisture

n/a

n/a

n/a

1.243

1.106

Soil Dry Density
(Mg mˉ³)
1.079

Root
penetration
>150mm.

Root depth
to 30mm.

Soil Organic
Matter
Organic rich
Worms
present.

