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Foreword

Applying Farmscoper software to identify concentrations of loss of nitrogen (mg/lI N) from
various farming scenarios to inform approach to consenting on Penwith Moors SSSI. Loss
of nitrate to groundwater is predicted for a number of farming ‘scenarios’ understood to be
representative of farming in Penwith Moors. A first version of this report was originally
completed in July 2022. After completion, it became apparent that overwinter losses of
nitrogen from fertiliser applications had been omitted from Farmscoper v5 and thus the
concentrations in that report would be an under-estimate. This report (January 2023) uses
a revised Farmscoper v5 which includes the over-winter nitrate losses from fertiliser
application. As a result of this revision, all of the grassland scenario concentrations have
increased above those predicated in the July 2022 report. Many farming scenarios were
demonstrated to have concentrations of loss of nitrogen (mg/l N) in excess of the ‘trigger
value’ for mesotrophic fen, including cereals, brassicas, dairy with FYM/slurry, intensive
livestock grazing and some more extensive grazing systems depending upon average
annual rainfall and soil drainage category. This report (version 2, January 2023) replaces
the original report (July 2022).

Natural England commission a range of reports from external contractors to provide
evidence and advice to assist us in delivering our duties. The views in this report are those
of the authors and do not necessarily represent those of Natural England.
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Executive summary

1. Background

Penwith Moors, Cornwall, was notified as a Site of Special Scientific Interest (SSSI) under
the Wildlife & Countryside Act 1981 in October 2022. Within a wider habitat mosaic, the
SSSI includes eleven valley fens and parts of their catchments. An important factor in the
condition of these fens is the quantity and quality of water supplying the wetland, mostly
from groundwater. A written consent is required from Natural England before land
managers can legally undertake any land management operations listed in the SSSI
notification document that may impact water quantity, chemistry or nutrient status. The
amount of farmland and the type of farming taking place within the catchments varies but
includes extensive livestock rearing with relatively low-input permanent pastures, more
intensive livestock and dairy farming with silage production, and arable and horticultural
production (e.g. brassicas and daffodils). In order to help Natural England undertake its
regulatory role in an effective and proportionate manner, a better understanding of the
impacts of these activities is needed in order to identify those which are compatible with
achieving and/or maintaining favourable condition in relation to water quality.

2. Commissioned modelling

ADAS was commissioned in 2022 to address this issue. The objective of this project was
to predict which farming activities would achieve nitrogen concentrations at or below
threshold annual concentrations of 1 mg I-1 NO3-N and 2 mg I-1 NO3-N. These thresholds
were developed by the UK Technical Advisory Group for the Water Framework Directive to
ascertain whether or not there is a risk to the health of groundwater-fed wetlands — such
as the valley fens of the Penwith Moors — from chemical (nutrient) pressures in a
groundwater body. They were set based upon analysis of on the ground data. Nitrogen
concentrations above these thresholds have a high risk of altering the ecology of the valley
fens, for example resulting in vegetation increasingly dominated by a few species of
vigorous grasses and rushes and an associated reduction in fauna and flora.

This report considers 20 different field management scenarios which were based on the
range of current/possible farming within the catchments but adjusted if needed so that the
predicted concentrations would likely be close to the thresholds. Two scenarios of
mitigation measure uptake were modelled. First, full implementation of all required
Farming Rules for Water (FRfW) and Nitrate Vulnerable Zone (NVZ) measures (where
applicable) with typical uptake of any other measures and, secondly, with the addition of
full implementation of all measures that may reasonably be required to meet FRfW. The
Farmscoper model is used to predict the nitrate concentration loss to groundwater for
these field management scenarios, taking account of the impact of variable soil drainage,
whether it is within a NVZ and the local ranges of annual average rainfall upon predicted
concentrations.
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This project was originally completed in July 2022. After completion, it was noticed by the
contractor (ADAS) that over-winter losses of nitrogen from fertiliser applications had been
omitted from Farmscoper v5 and thus the concentrations in that report would be an
underestimate. This report (version 2) uses a revised Farmscoper v5 which includes the
over-winter nitrate losses from fertiliser application.

3. Outputs of Farmscoper predictive modelling

This report presents the predicted concentrations for those field management scenarios
modelled and documents the modelling methodology undertaken so that the specific
results or the general approach can be replicated if required.

The predicted nitrate concentrations loss to groundwater are presented in Tables 3-1 and
3-2 of the report. The values for the majority of field management scenarios are predicted
at or above the 2 mg I-1 NO3-N threshold value. Only some of the lower-input field
management scenarios are predicted at below the 2 mg I-1 NO3-N threshold value. For all
field management scenarios modelled Farmscoper predicts lower concentrations for
higher annual average rainfall due to the effect of dilution. There is very little to no
reduction in the concentration due to applying NVZ measures or the additional FRfW
reasonable measures.
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1 Introduction

Natural England is currently considering the designation of land in Penwith Moors,
Cornwall, as a Site of Special Scientific Interest (SSSI) under the Wildlife & Countryside
Act 1981. The SSSI as proposed will be some 3,125 ha in extent. Within a wider habitat
mosaic, it will include eleven valley fens and parts of their catchments (Figure 1-1) with a
collective extent of 812 ha. An important factor in the condition of these fens is the quantity
and quality of water supplying the wetland. Consequently, a written consent will be
required from Natural England before land managers can legally undertake any land
management operations, listed in the SSSI notification document, that may impact water
quantity, chemistry or nutrient status. The amount of farmland and the type of farming
taking place within the catchments varies but includes extensive livestock rearing with
relatively low-input permanent pastures, more intensive livestock and dairy farming with
silage production, and arable and horticultural production (e.g. brassicas and daffodils). In
order to help Natural England undertake its regulatory role in an effective and
proportionate manner, a better understanding of the impacts of these activities is needed
in order to identify those which are compatible with achieving and/or maintaining
favourable condition® in relation to water quality.

" Favourable condition is achieved when the designated features of an SSSI are in a healthy state and are
being conserved by appropriate management. See: Sites of special scientific interest: managing your land

(www.gov.uk)
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Figure 1-1 The Penwith Moors catchments including Bostraze, Boswens, Tregerest,
Boswarva, Lanyon, Bosillick, Bodrifty, Tredinnick, Gear, Embla, Bussow (defined by
including the steepest slopes within the wider catchments up to the first break-of-
slope) and annual average rainfall (1990-2020) and Nitrate Vulnerable Zone
boundaries. © Crown copyright and database right 2022.

The obijective of this project was to predict which farming activities would achieve pollution
concentrations at or below threshold annual concentrations of 1 mg I NO3-N and 2 mg |’
NOs-N. These threshold values are based on groundwater chemical concentrations that
have been derived from empirical evidence. They were developed to ascertain whether or
not there is a risk to the health of groundwater-fed wetlands — such as the valley fens of
the Penwith Moors — from chemical (nutrient) pressures in a groundwater body (UKTAG,
2014).
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The key tasks within the project were:

1. Agree the farm management scenarios to be investigated, taking account of the
range of current/possible future farm types in the catchments and the relatively
low concentration threshold which will preclude some intensive farm systems.
The inclusion and extent of any mitigation measures that would help to achieve
the threshold concentrations would also be considered.

2. Use the Farmscoper model to predict the nitrate concentrations for these farm
management scenarios.

3. Report on the farm management scenarios and predicted concentrations, and
document the modelling methodology undertaken, so that the specific results or
the general approach could be replicated if required.

This project was originally completed in July 2022. After completion, it was noticed that
over-winter losses of nitrogen from fertiliser applications had been omitted from
Farmscoper v5 and thus the concentrations in that report would be an underestimate. This
report (January 2023) uses a revised Farmscoper v5 which includes the over-winter nitrate
losses from fertiliser application.

As a result of this revision, all of the grassland scenario concentrations have increased (as
all scenarios included some level of nitrogen fertilisation). The major change in terms of
the conclusions is that previously the high input silage scenarios were often below 2 mg I,
but now only achieve the 2 mg I! threshold under certain environmental conditions (and
never if manure is also applied), whilst the low input silage scenarios were always under 2
mg I and often under 1 mg I'", but now only achieve the 1 mg I target under certain
environmental conditions. Dairy grazing (without manure) is also no longer below 2 mg I'.
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2 Methodology

Farmscoper (Gooday et al., 2014) was developed by ADAS in 2010 under Defra Project
WQO0106(3), initially as a farm-scale decision support tool to predict the losses of nine
different pollutants, to quantify the effect of implementation of one or more mitigation
measures on those pollutant losses and to estimate the cost of measure implementation.
As part of the calculations, Farmscoper predicts both pollutants losses and drainage
volumes, allowing the calculation of pollutant concentrations for the water-borne pollutants.
Subsequent iterations of the tool with Defra and EA funding have included wider pollutant
coverage, a catchment scale application and more explicit representation of the costs of
mitigation. It is being extensively used by the Defra family for national policy development
in the field of planning and evaluating the environmental impact of farming activities. This
use is driven by legally binding requirements on the UK to reduce greenhouse gas
emissions (by 80% by 2050; Climate Change Act, 2008), ammonia emissions (under the
Gothenburg Protocol) and to meet standards for drinking water and good ecological status
set by the Nitrates Directive (81/676/EEC) and the UK implementation of the Water
Framework Directive (2000/60/EC).

Farmscoper was used to determine long term annual average nitrate concentrations for a
number of different field management scenarios, as described in the next sub-section. The
scenarios were applied for each of the soil types and climate zones (based on annual
average rainfall (AAR)), relevant to the Penwith Moors catchments. Figure 1-1 shows that
the relevant climate zones are 900-1200 and 12001500 mm AAR. Farmscoper has three
soil types, which are designed to reflect the pathways by which water and pollutants move:

1. Free-draining soils, where water can move freely down through the soil;

2. Slowly permeable soils, where vertical movement of water through the
soil profile is impeded and there is some lateral flow. Artificial drainage is
required to reduce waterlogging sufficiently for effective arable farming;
and

3. Slowly permeable soils as per 2, but artificial drainage is required to
reduce waterlogging sufficiently for effective arable and grassland
farming.

The soils in the Penwith catchments are a mixture of freely draining loam (type 1) and wet
peat dominant (likely to be type 3).

Further details of the methodology used are described in the Appendix.
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2.1 Field management scenarios

Farmscoper allows the user to create a farm system by specifying the number of livestock
and area of cropping based on the livestock and crop categories in the Defra June
Agricultural Survey when Farmscoper was first created. For the livestock, users can then
specify what proportion of the manure is managed as slurry or FYM (and how much is
applied on farm), whilst other parameters (e.g. excreta volume, duration of grazing and
manure storage) are fixed?. For cropping, users can specify fertiliser rates and how much
FYM and slurry is applied.

A selection of 20 field management scenarios were created, based upon current farming
within Penwith Moors but adjusted if needed so that the predicted annual average
concentrations were close to 1-2 mg I nitrate-N where possible. Fertiliser rates were
taken from the British Survey of Fertiliser Practice for 2020 (BSFP) and agri-environment
scheme data for low input pasture. Other farm practices are specified in the following
numbered list or used the default data within Farmscoper. The scenarios are also
described in detail in Table 2-1.

Winter wheat, BSFP fertiliser rates, receiving no manure applications.
Spring barley, BSFP fertiliser rates, receiving no manure applications.
Brassica crop, BSFP fertiliser rates, receiving no manure applications.

N~

Grassland with the equivalent of 3.5 sheep per ha present all year and 3.5 lambs
for ~ 8 months, low input pasture fertiliser rates.

5. Grassland with the equivalent of 7 sheep per ha present all year and 7 lambs for
~8 months, BSFP fertiliser rates for ‘Grass 5 years and over’ for ‘Other livestock
farms’.

Grassland for silage, low input pasture fertiliser rates.
Grassland for silage, low input pasture fertiliser rates, receiving FYM 1 year in 3.
Grassland for silage, low input pasture fertiliser rates, receiving slurry 1 year in 3.

© © N o

Grassland for silage, BSFP fertiliser rates for ‘Grass under 5 years old’ for ‘Dairy
farm’.

10. Grassland for silage, BSFP fertiliser rates for ‘Grass under 5 years old’ for ‘Dairy
farm’, receiving FYM 1 year in 3.

11.Grassland for silage, BSFP fertiliser rates for ‘Grass under 5 years old’ for ‘Dairy
farm’, receiving slurry 1 year in 3.

2 Farmscoper is a meta-model of a number of different pollutant models, so it was necessary to fix certain
parameters to allow these models to be applied, and also to allow the specification of the potential impacts of
mitigation measures.
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12.Grassland with the equivalent of 1 adult beef cow per ha grazing for ~6 months,
low input pasture fertiliser rates.

13.Grassland with the equivalent of 1 adult beef cow per ha grazing for ~6 months,
low input pasture fertiliser rates, receiving the FYM generated by the cow 1 year
in 3.

14.Grassland with the equivalent of 1 adult beef cow per ha grazing for ~6 months,
low input pasture fertiliser rates, receiving the slurry generated by the cow 1 year
in 3.

15. Grassland with the equivalent of 2 adult beef cows per ha grazing for ~6 months,
BSFP fertiliser rates for ‘Grass 5 years and over’ for ‘Other livestock farms’.

16.Grassland with the equivalent of 2 adult beef cows per ha grazing for ~6 months,
BSFP fertiliser rates for ‘Grass 5 years and over’ for ‘Other livestock farms’,
receiving the FYM generated by the cows 1 year in 3.

17.Grassland with the equivalent of 2 adult beef cows per ha grazing for ~6 months,
BSFP fertiliser rates for ‘Grass 5 years and over’ for ‘Other livestock farms’,
receiving the slurry generated by the cows 1 year in 3.

18. Grassland with the equivalent of 1.5 adult dairy cows per ha grazing for ~6 months,
BSFP fertiliser rates for ‘Grass 5 years and over’ for ‘Other livestock farms’.

19. Grassland with the equivalent of 1.5 adult dairy cows per ha grazing for ~6 months,
BSFP fertiliser rates for ‘Grass 5 years and over’ for ‘Other livestock farms’,
receiving the FYM generated by the cows 1 year in 3.

20. Grassland with the equivalent of 1.5 adult dairy cows per ha grazing for ~6
months, BSFP fertiliser rates for ‘Grass 5 years and over’ for ‘Other livestock
farms’, receiving the slurry generated by the cows 1 year in 3.

The amount of manure for the low input (7-8 above) and high input (10-11 above) silage
scenarios were the same as the extensive (13-14 above) and intensive (16-17 above) beef
grazing scenarios respectively.

The fertiliser rates for nitrogen were adjusted to reflect the crop available manure nitrogen
which was assumed to be 10% for FYM and 35% for slurry (based on RB209 Nutrient
Management Guidance (AHDB, 2022)).

The fertiliser rates in scenarios 18-20 were originally the BSFP rates for ‘Dairy farms’.
However, these were altered to those of ‘Other livestock farms’ in order to reduce the
predicted nitrate concentrations and reflect the slightly lower stocking density assumed in
the scenario than is typical of dairy farming.

The ‘Excreta at grazing’ values in Table 2-1 are lower in scenarios 18-20 than 15-17 as
they reflect the fact the although the dairy cows are grazing for ~6 months, they still spend
a sizeable proportion of that time away from the fields due to milking (and thus there is
more manure to be applied).

For all scenarios, the following data were used in Farmscoper: Fields by watercourses
100%; Percentage of fields at high P index 20%; surface connectivity for free draining fields
60%. The impacts of these choices are minor on losses of nitrate but would be more
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important if the results for phosphorus or sediment (not shown in this report) are used in
other work.
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Table 2-1. Field management scenarios. Livestock are assumed to be present every year. Manure is applied 1 year in 3, but the
results presented are for the year of application.

Fertiliser N Fertiliser P | Livestock | Excreta whilst Manure | Manure Total N

grazing (kg ha)

(kg ha™)
1 Winter Wheat Winter Wheat | 179 24 NA NA NA NA
2 Spring Barley Spring Barley | 102 25 NA NA NA NA
3 Brassica Brassica 106 24 NA NA NA NA
4 Extensive sheep | Permanent 50 18 Sheep 45 NA NA
grazing Pasture
5 Intensive sheep | Permanent 69 18 Sheep 90 NA NA
grazing Pasture
6 Low input silage | Rotational 50 18 NA NA NA AN
grassland
7 Low input silage | Rotational 47 18 NA NA Solid 29
with FYM grassland
8 Low input silage | Rotational 40 18 NA NA Slurry |28
with slurry grassland
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Fertiliser N | Fertiliser P | Livestock | Excreta whilst Manure | Manure Total N
grazing (kg ha)
(kg ha™) (kg ha™) (kg ha™)
9 High input silage | Rotational 165 18 NA NA NA NA
grassland
10 | High input silage | Rotational 160 18 NA NA Solid 58
with FYM grassland
1 High input silage | Rotational 146 18 NA NA Slurry |56
with slurry grassland
12 Extensive beef | Permanent 50 7 Beef 30 NA NA
grazing Pasture
13 | Extensive beef | Permanent 47 7 Beef 30 Solid 29
grazing with Pasture
FYM
14 | Extensive beef | Permanent 40 7 Beef 30 Slurry |28
grazing with Pasture
slurry
15 Inter?swe beef Permanent 69 7 Beef 61 NA NA
grazing Pasture
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Fertiliser N Fertiliser P | Livestock | Excreta whilst Manure | Manure Total N

grazing (kg ha)

(kg ha”) (kg ha”) (kg ha”)

Intensive beef Permanent

16 | grazing with 63 7 Beef 61 Solid 58

Pasture

FYM
Intensive beef Permanent

17 | grazing with Pasture 58 7 Beef 61 Slurry | 56
slurry

18 | Dairy grazin permanent | gq 7 Dai 72 NA NA

V9 g Pasture Y

Dairy grazing Permanent . .

19 with EYM Pasture 61 8 Dairy 72 Solid 80
Dairy grazing Permanent .

20 with slurry Pasture 53 8 Dairy 72 Slurry |87
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2.2 Mitigation measure uptake

Farmscoper includes a library of over 100 diffuse pollution control measures, based upon
the Mitigation Method User Guide (Newell-Price et al., 2011), agri-environment scheme
options and others that have been added during updates to the tool. For each of these
measures, Farmscoper contains a default implementation rate based upon national farm
practice survey data, which varies by soil type, farm type and whether or not a farm is
within a nitrate vulnerable zone. For each measure, it also shows which policy
mechanisms are relevant. The Farming Rules for Water (FRfW) states some activities that
must be undertaken or avoided, but also lists some activities that could be undertaken as
a ‘reasonable precaution’ to avoid pollution. The relevant measures in the Farmscoper
library are identified as either FRfW required or FRfW reasonable respectively.

Two scenarios of mitigation measure uptake were modelled:

1. Full compliance with the measures associated with the NVZ action programme (for
land inside NVZ area) and the ‘required’ aspects of the FRfW (for all land). Uptake of
all other measures were left at the default rates.

2. As peritem 1, but also with full implementation of all the ‘reasonable’ FRfW measures
on all land.

The measures in the Farmscoper library that correspond to items 1 and 2 are listed in
Table 2-2. Farmscoper restricts application of mitigation measures so they are only
applied to land with applicable management (i.e. livestock measures would not be applied
to arable fields).

Table 2-2 The scenarios assumed 100% compliance with the following Farmscoper
mitigation measures, which are considered to reflect the NVZ regulations and the
Farming Rules for Water. Note that the Farming Rules for Water are separated into
those that are required, and those that could be considered a ‘reasonable
precaution’ to avoid pollution.

Use a fertiliser recommendation system

Integrate fertiliser and manure nutrient Yes Yes NA
supply

Do not apply manufactured fertiliser to high- Yes Yes NA
risk areas

Avoid spreading manufactured fertiliser to |Yes Yes NA
fields at high-risk times
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Site solid manure heaps away from
watercourses/field drains

Do not apply manure to high-risk areas Yes Yes NA

Do not spread slurry or poultry manure at | Yes Yes NA
high-risk times

Do not spread FYM to fields at high-risk Yes Yes NA
times
Fertiliser spreader calibration Yes NA Yes
Incorporate manure into the soil Yes NA Yes
Minimise the volume of dirty water Yes NA NA
produced
Manure Spreader Calibration Yes NA NA
Do not apply P fertilisers to high P index NA Yes NA
soils
Establish cover crops in the autumn NA NA Yes
Early harvesting and establishment of crops | NA NA Yes

in the autumn

Cultivate land for crops in spring rather than | NA NA Yes
autumn

Cultivate compacted tillage soils NA NA Yes
Leave autumn seedbeds rough NA NA Yes
Manage over-winter tramlines NA NA Yes
Establish riparian buffer strips NA NA Yes
Loosen compacted soil layers in grassland |NA NA Yes
fields

Reduce field stocking rates when soils are |NA NA Yes
wet
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“-

Move feeders at regular intervals

Fence off rivers and streams from livestock |NA NA Yes

Use correctly inflated low ground pressure |NA NA Yes
tyres on machinery

Locate out-wintered stock away from NA NA Yes
watercourses

2.3 Other farming systems

The field management scenarios focus on the dominant agricultural management systems
within Penwith Moors. The text below lists some of the other systems that are relevant to
the area but have not been modelled, briefly describing why and where the results that
have been produced may be an appropriate proxy.

Horses: these are not included as a livestock category within Farmscoper but could
be considered as equivalent to beef cattle assuming they are only grazed for ~6
months of the year. It would be necessary to account for differences in the amount
of excreta produced by a horse compared to cattle (NVZ guidance (Defra, 2013)
states a horse produces 21 kg N yr! whilst an adult beef cow weighting up to 500
kg produces 61 kg N yr).

Outdoor pig rearing: pollutant losses from commercial outdoor pig units would
exceed the nitrate targets due to the large amounts of excreta deposited on bare
soil (e.g. Williams et al. 2000 measured concentrations between 8 and 116 mg I! of
nitrate-N for different management systems on a site in Berkshire). The stocking
levels and/or management that would be required to maintain sufficient ground
cover and limit nitrate losses would need to be different from the typical commercial
practice assumed in Farmscoper and for which limited empirical evidence is
available. Although non-commercial farming may have lower losses, they would not
necessarily be below the required nitrate threshold concentrations and there would
be significant uncertainty on any predictions.

Outdoor poultry: losses would depend upon the amount of time the birds actually
spent outside, the stocking density and the extent of ground cover and crop growth
to utilise the nutrients in

the excreta. Given the low nitrate concentration thresholds, management is likely to
be different to typical commercial practice, with much lower stocking rates. Any
manure produced would need to be spread outside of the catchments.
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- Daffodils: Farmscoper does not include an appropriate category for daffodils.
Fertiliser rates are typically around 100 kg N ha' (based on RB209 Nutrient
Management Guide (AHDB, 2022)), and with a spring-summer growing season, the
losses for spring barley may be appropriate. However, daffodils are grown in ridges
or beds, which could alter the potential for surface runoff, but this factor is more
important for sediment and phosphorus than nitrate.

« Alternative cattle grazing systems: Farmscoper assumes cattle are outside for
approximately six months. It is not possible to represent significantly different
grazing patterns, although zerograzed livestock (i.e. cattle housed all year round)
would only require use of the silage and silage + manure scenarios (assuming any
losses from the farm steading were suitably controlled).

Organic farming: Farmscoper is based on conventional farming and does not properly
reflect the nitrogen dynamics in organic farming. However, losses for organic systems are
generally comparable to those of conventional systems where yields and intensity of
production are similar (e.g. Stopes et al., 2002).
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3 Results

Farmscoper has been used to determine the annual average nitrate concentrations for the
different management scenarios shown in Table 2-1, assuming compliance with
regulations inside/outside the NVZ (defined by the measures listed in Table 2-2).

Table 3-1 shows that concentrations from arable land always significantly exceed the 2 mg
I annual nitrate-N concentration threshold. Concentrations are lower in the higher rainfall
band (as there is only so much nitrogen to be lost, so the dilution due to more rainfall has
more impact on the concentration than a slightly higher load) and lower on slowly
permeable soils (where denitrification within the soil profile is more likely, which reduces
the amount of nitrate available to be lost). However, even the lowest concentrations are
still over 3 mg I!, which suggests it would only be possible to be below the 2mg I
thresholds by turning 50% or more of the field over to zero-input grassland or equivalent or
by using significantly reduced fertiliser inputs.

The only scenarios that are below the 1 mg I threshold are some of the low input silage
scenarios (which occasionally remain below the threshold even with manure N being
applied - on soils where denitrification is significant). The scenarios below the 2 mg I'' are
some silage systems and extensive beef and sheep grazing scenarios (as there is less
excreta and fertiliser use than on intensive systems) — generally on heavier soils (more
dentification) and/or wetter areas (more dilution).

There are limited differences in the annual average concentrations shown in Table 3-1 for
farms inside and outside the NVZ area (typically less than 1%). This is because: i) there
are only 4 additional measures within the NVZ area and ii) full compliance has been
assumed rather than ‘current uptake’ (which would be higher within the NVZ area, as the
NVZ regulations having been in place for longer than the FRfW). The results in Table 3-2
include full compliance with all of the FRfW ‘reasonable precaution’ measures —
concentrations are typically 3% lower than in Table 3-1, but this is not enough to change
the general conclusion that the nitrate concentrations shown are primarily controlled by
farming system and the environment, rather than compliance with regulation. The greatest
changes due to measures are for spring barley and brassicas, where covers crops
included as part of the FRfW ‘reasonable precaution’ measures result in concentrations up
to 12% lower, however concentrations still exceed the target thresholds.
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3.1 Notes on the interpretation of results

When using the results of this modelling work the following points are worthy of
consideration:

. Farmscoper predicts long term annual average losses based on climate
data. There could be significant variation in losses between years due a range of
factors including weather - e.g. the total amount of rainfall and timing of rainfall
relative to activities, particularly manure spreading and crop performance.

. Farmscoper is a meta-model of a suite of different pollutant models that were
run for the whole of England and Wales, and then aggregated by area weighting by
land use for the Farmscoper soil and climate zones. One of the advantages of this
approach is that application of Farmscoper at regional to national scale will produce
pollutant losses comparable to the original source models. However, it also means
that the climate (rainfall) for each land use and soil type within a climate zone will
not be the same (this is particularly true in the higher rainfall zones, where arable
land is less common than grassland on wetter areas). Any potential differences will
be slightly negated by the use of nitrate concentrations rather than loads, as
greater loads from higher rainfall (and thus drainage) will be diluted by the higher
drainage.

. It is unlikely that a land manager would need to carry out all of the
‘reasonable precaution’ measures in Table 2-2 appropriate to their land in order to
be considered compliant with the FRfW.

. It is possible to interpolate between the results of the scenarios or - within
reason — extrapolate, to determine the concentrations for alternative inputs. For
example, the concentration from applying 110 kg N ha* for silage grassland would
be halfway between the results of Scenarios 6 and 9. It is not possible to vary the
fertiliser and manure inputs separately although an approximate value for more or
less manure could be determined by differencing with the corresponding non-
manure scenario.

. For scenarios with manure, the losses are for the year of manure application,
but it is assumed that manure is only applied one year in three. More frequent
application of manure will increase the soil organic matter content, resulting in
greater nitrate losses. It is not possible to determine the impacts of more/less
frequent manure application from the results shown in this report — it would be
necessary to do some post-processing of the Farmscoper output files or rerun the
application of Farmscoper Evaluate where the frequency of manure application was
accounted for (see the Appendix).
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Table 3-1. Annual average nitrate-N concentrations (mg I''), by soil type and annual average rainfall (AAR), assuming full
compliance with required actions under the FRfW, and NVZ regulations within the NVZ area, and typical uptake of the other
mitigation measures in Farmscoper. Cells highlighted in grey are greater than 2.0 mg I!, those in orange are less than 2.0 mg
I but above 1.0 mg I'' and those in green are below 1.0 mg I-'.

Non NVZ Area NVZ Area
900 1200 mm AAR 1200 1500 mm AAR 900-1200 mm AAR 1200 1500 mm AAR

1 Winter Wheat

2 | Spring Barley 5 3 5 3

3 | Brassica 12.2 10.2 7.1 8.3 7.8 5.2 12.2 10.2 7.1 8.2 7.8 5.2

4 | Extensive sheep grazing 2.1 2.1 1.4 1.3 1.5 1.3 2.1 2.1 1.4 1.3 1.5 1.3

5 | Intensive sheep grazing 3.0 3.0 2.3 1.9 2.2 2.1 3.0 3.0 2.3 1.9 2.1 2.1

6 | Low input silage 1.4 1.4 0.7 0.9 1.0 0.6 1.4 1.4 0.7 0.9 1.0 0.6

7 | Low input silage with FYM 2.0 2.0 1.3 1.3 1.4 1.1 2.0 2.0 1.2 1.3 1.4 1.1

8 | Low input silage with 1.8 1.8 1.0 1.2 1.3 0.8 1.8 1.8 1.0 1.2 1.3 0.8
slurry

9 | High input silage 3.0 3.0 1.9 1.9 2.1 1.9 3.0 29 1.9 1.9 2.1 1.9

10 | High input silage with 4.0 4.0 3.0 2.6 29 2.7 4.0 4.0 3.0 2.6 2.8 2.7
FYM

11 | High input silage with 3.7 3.6 24 24 2.6 2.2 3.6 3.6 24 24 2.6 2.2
slurry

12 | Extensive beef grazing 2.1 2.0 1.2 1.3 1.5 1.1 2.0 2.0 1.2 1.3 1.4 1.1
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Table 3-1. Annual average nitrate-N concentrations (mg I''), by soil type and annual average rainfall (AAR), assuming full
compliance with required actions under the FRfW, and NVZ regulations within the NVZ area, and typical uptake of the other
mitigation measures in Farmscoper. Cells highlighted in grey are greater than 2.0 mg I!, those in orange are less than 2.0 mg
I but above 1.0 mg I'' and those in green are below 1.0 mg I-'.

Non-NVZ Area NVZ Area
900-1200 mm AAR 1200-1500 mm AAR 900-1200 mm AAR 1200-1500 mm AAR
FD DA DA

FD DA DA

13 | Extensive beef grazing 2.6 2.6 1.7 1.7 1.8 1.5 2.6 2.5 1.7 1.7 1.8 1.5
with FYM

14 | Extensive beef grazing 2.4 2.4 1.5 1.6 1.7 1.4 2.4 2.4 1.5 1.6 1.7 1.4
with slurry

15 | Intensive beef grazing 2.8 2.8 1.8 1.8 2.0 1.7 2.8 2.8 1.8 1.8 2.0 1.7

16 | Intensive beef grazing 3.7 3.7 2.8 2.5 2.7 24 3.7 3.7 2.8 24 2.7 24
with FYM

17 | Intensive beef grazing 3.6 3.6 24 24 2.6 2.2 3.6 3.5 24 24 2.6 2.2
with slurry

18 | Dairy grazing 4.1 4.1 24 2.6 29 2.3 4.1 4.0 24 2.6 2.8 2.3

19 | Dairy grazing with FYM 4.7 4.6 3.0 3.0 3.3 2.8 4.7 4.6 3.0 3.0 3.3 2.8

20 | Dairy grazing with slurry 4.9 4.8 3.1 3.2 3.5 2.8 4.9 4.8 3.1 3.2 3.5 2.8

FD = Free draining soil.

DA = Slowly permeable soil requiring under drainage for arable use.
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DAG = Slowly permeable soil requiring under drainage for arable or grassland use.
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Table 3-2. Annual average nitrate-N concentrations (mg I''), by soil type and annual average rainfall (AAR), assuming full
compliance with required actions under the FRfW and those that could be considered reasonable precautions to prevent
pollution as per FR4W, the NVZ regulations within the NVZ area, and typical uptake of the other mitigation measures in
Farmscoper. Cells highlighted in grey are greater than 2.0 mg I, those in orange are less than 2.0 mg I"! but above 1.0 mg I
and those in green are below 1.0 mg I'.

Non-NVZ Area NVZ Area
FD DA DA FD DA DA FD DA DA
1 | Winter Wheat 54 54 4.7 3.6 4.3 3.9 5.4 5.4 4.7 3.6 4.3 3.9
2 | Spring Barley 5.0 4.4 3.5 3.4 3.4 2.7 5.0 4.4 3.5 3.4 3.4 2.7
3 | Brassica 11.6 9.1 6.4 7.9 6.9 4.7 11.6 9.1 6.4 7.9 6.9 4.7
4 | Extensive sheep grazing 2.1 2.0 1.4 1.3 1.4 1.2 2.1 2.0 1.4 1.3 1.4 1.2
5 | Intensive sheep grazing 3.0 3.0 2.3 1.9 2.1 2.0 3.0 3.0 2.3 1.9 2.1 2.0
6 | Low input silage 1.4 1.4 0.7 0.9 1.0 0.6 1.4 1.4 0.7 0.9 1.0 0.6
7 | Low input silage with FYM 2.0 1.9 1.2 1.3 1.4 1.1 1.9 1.9 1.2 1.3 1.4 1.1
8 | Low input silage with
slurry 1.8 1.8 1.0 1.2 1.2 0.8 1.8 1.7 0.9 1.2 1.2 0.8
9 | High input silage 3.0 2.9 1.9 1.9 2.1 1.9 3.0 2.9 1.9 1.9 2.1 1.9
10 | High input silage with
FYM 3.9 3.9 3.0 2.6 2.8 2.6 3.9 3.9 3.0 25 2.8 2.6
11 | High input silage with
slurry 3.6 3.5 24 24 2.6 2.2 3.6 3.5 24 24 2.5 2.2
12 | Extensive beef grazing 2.0 2.0 1.2 1.3 1.4 1.1 2.0 2.0 1.2 1.3 1.4 1.1
13 | Extensive beef grazing
with FYM 2.5 2.5 1.7 1.6 1.8 1.5 2.5 2.5 1.7 1.6 1.8 1.5
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Non-NVZ Area

900-1200 mm AAR 1200-1500 mm AAR 900-1200 mm AAR 1200-1500 mm AAR

14 | Extensive beef grazing

with slurry 24 23 1.5 1.6 1.7 1.3 24 2.3 1.5 1.6 1.7 1.3
15 | Intensive beef grazing 2.7 2.7 1.8 1.8 1.9 1.7 2.7 2.7 1.8 1.8 1.9 1.7
16 | Intensive beef grazing

with FYM 3.6 3.6 2.7 24 2.6 24 3.6 3.6 2.7 24 2.6 24
17 | Intensive beef grazing

with slurry 3.5 3.5 24 24 25 2.1 3.5 3.4 24 2.3 25 2.1
18 | Dairy grazing 4.0 3.9 24 2.5 2.8 2.3 4.0 3.9 24 2.5 2.8 2.3
19 | Dairy grazing with FYM 4.6 4.5 3.0 29 3.2 2.7 4.6 4.5 3.0 29 3.2 2.7
20 | Dairy grazing with slurry 4.8 4.7 3.0 3.1 3.4 2.8 4.8 4.7 3.0 3.1 3.4 2.8
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4. Summary

Penwith Moors in Cornwall is being considered by Natural England for designation as a
Site of Special Scientific Interest. The Farmscoper model has been used to determine
annual average nitrate concentrations in drainage water for a suite of typical farm
management systems, and these have been compared to threshold nitrate
concentrations that would help to achieve or maintain favourable condition of the
wetlands within the Penwith Moors.

The annual average nitrate concentrations from arable land always exceed the higher
threshold concentration of 2 mg I'' NO3-N. Grassland fields receiving around 150 kg N
ha™! yr' or more from fertiliser, manure and excreta deposited at grazing are also likely
to exceed 2 mg I"'. For concentrations to be below the lower threshold of 1 mg I, it is
necessary to have a low input grassland system, typically under 50 kg N ha™! yr' from
fertiliser, manure and excreta at grazing. There is some variation with the physical
environment, with concentrations lower where rainfall is higher and differing by soil type
due to denitrification and other factors within the model.

The modelling has assumed full compliance with the ‘required’ actions with the Farming
Rules for Water as a baseline. The effects of assuming compliance with the Nitrate
Vulnerable Zone regulations (NVZs extend across some of the Penwith Moors) and full
compliance with the ‘reasonable precautions’ within the FRfW are small (12% at most) and
do not change the general conclusions about the suitability of different farm management
for achieving the target thresholds.

Page 29 of 42 Penwith Farmscoper Report NECR486



References

AHDB. 2022. Nutrient Management Guide (RB209). https://ahdb.org.uk/nutrient-
managementguiderb209

Defra, 2021. British Survey of Fertiliser Practice 2020. ISBN 978-0-99297-356-8.
www.gov.uk/government/statistics/british-survey-of-fertiliser-practice-2020

Defra 2013. Using nitrogen fertilisers in nitrate vulnerable zones.
https://www.gov.uk/quidance/using-nitrogen-fertilisers-in-nitrate-vulnerable-zones

Gooday, R.D., Anthony, S.G., Chadwick, D.R., Newell-Price, P., Harris, D., Duethmann,
D., Fish, R., Collins, A.L., Winter, M. 2014. Modelling the cost-effectiveness of
mitigation methods for multiple pollutants at farm scale. Science of the Total
Environment, 468-469, 1198-1209.

Stopes, C., Lord, E.I., Phillip, L., Woodward, L. 2002, Nitrate leaching from organic farms
and conventional farms following best practice. Soil Use and Management, 18, 256-263.

UK Technical Advisory Group on the Water Framework Directive (UKTAG). 2014.
Technical report on groundwater dependent terrestrial ecosystem (GWDTE) threshold
values.www.wfduk.org/resources/groundwater-dependent-terrestrial-ecosystem-threshold-
values

Williams, J.R., Chambers, B.J., Hartley, A.R., Ellis, S. & Guise, H.J. 2000. Nitrogen losses
from outdoor pig farming. Soil Use and Management, 16, 237-243.

Page 30 of 42 Penwith Farmscoper Report NECR486


https://ahdb.org.uk/nutrient-management-guide-rb209
https://ahdb.org.uk/nutrient-management-guide-rb209
https://ahdb.org.uk/nutrient-management-guide-rb209
https://ahdb.org.uk/nutrient-management-guide-rb209
https://ahdb.org.uk/nutrient-management-guide-rb209
https://ahdb.org.uk/nutrient-management-guide-rb209
https://www.gov.uk/government/statistics/british-survey-of-fertiliser-practice-2020
https://www.gov.uk/guidance/using-nitrogen-fertilisers-in-nitrate-vulnerable-zones
http://www.wfduk.org/resources/groundwater-dependent-terrestrial-ecosystem-threshold-values
http://www.wfduk.org/resources/groundwater-dependent-terrestrial-ecosystem-threshold-values
http://www.wfduk.org/resources/groundwater-dependent-terrestrial-ecosystem-threshold-values

Glossary

Word/
abbreviation

BSFP

Meaning

British Survey of Fertiliser Practice

Concentration

In this project, the annual average flow-weighted mean concentration —
the annual pollutant loss divided by the annual drainage. Reducing the
loss will reduce the concentration and vice versa.

Favourable
condition

A quality measure of SSSIs, achieved when the designated features of
an SSSI are in a healthy state and are being conserved by appropriate
management. See: Sites of special scientific interest: managing your
land - GOV.UK (www.gov.uk) This is assessed by Natural England
based upon attributes and targets defined by the Joint Nature
Conservation Committee (JNCC). See: Common Standards Monitoring
| JINCC - Adviser to Government on Nature Conservation There are 6
possible SSSI condition statuses: favourable condition, unfavourable
recovering condition, unfavourable no change condition, unfavourable
declining condition, part destroyed or destroyed. Government has set a
target to restore 75% of protected sites in England (including SSSIs) to
favourable condition as part of its 25-year Environment Plan. See: At a
glance: summary of targets in our 25 year environment plan - GOV.UK
(www.gov.uk

FRfW

Farming Rules for Water

FYM

Farmyard Manure

Loss

The amount of nitrate, phosphorus etc leaving the agricultural system
as a pollutant. Comparable to the term ‘emissions’, although that is
more commonly used to refer to losses to air. Water-borne losses are
those to the watercourse or to groundwater, and do not account for
retention or any other in-stream processes.

Manure

All types of managed manure — slurry, FYM, broiler litter, poultry
manure etc.

NVZ

Nitrate Vulnerable Zone

SSsi

Site of Special Scientific Interest
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Appendix

Notes on the farmscoper methodology

This section is intended to describe some of the procedures and approaches applied in the
use of Farmscoper for this modelling work, in order to allow someone already familiar with
Farmscoper to repeat the tasks undertaken. The modelling approach has used the default
version of Farmscoper v5 with two modifications described in this section. The scenarios
to be modelled were agreed as part of project. Inputs were taken from published sources
(e.g. fertiliser rates from the British Survey of Fertiliser Practice) or based upon typical
practice (e.g. 2 cows per hectare). There was some iteration of the fertiliser, excreta and
manure inputs assumed for the scenarios so that the predicted results were close to the
desired nitrate concentration thresholds. This iteration was a manual process, as the
variation in results for a scenario by soil, climate and implementation of mitigation
measures meant a single exact answer for each scenario was not trying to be found.

For each scenario, a 10 ha area of the relevant crop was used to limit any issues due to
rounding. Where livestock were present but the manure from those livestock was not
applied to that land, the application percentage in Farmscoper for that crop-manure type
combination was set to 0%. Where there were no livestock present, but manure was
applied, the manure import feature was used in Farmscoper. The amount of manure
imported was set to achieve the desired amount of manure N applied (for this work, it was
decided to have, for example, the same manure N from FYM applied on the extensive
grazing and the silage system).

Data entry for the scenarios could be undertaken in the Farmscoper_Create workbook,
and then the results generated for each soil and climate zone of interest. However, the
‘Farm Results’ tab and the option to run for ‘Custom Data’ within Farmscoper_Upscale
allows the population and creation of multiple Farmscoper Create workbooks, which
reduces the user input required.

Because it was pollutant concentrations that were of interest in this project, it was
necessary to make a modification to the code within Farmscoper_Upscale, as by default
the drainage volume is not retained and so concentrations cannot be calculated. For
nitrate (and indirect nitrous oxide), Farmscoper predicts both the short- and medium-term
losses in the weeks and months following manure application, and also the long-term loss
resulting from the buildup of soil organic matter.

It is necessary to reflect the frequency of manure application so as not to overestimate the
organic matter contribution where fields do not receive manure every year. A simple way
to do this is to reduce the manure inputs in proportion to the frequency of application (i.e.
reduce them by two thirds if manure is applied once every three years). This provides the
average loss over the period, but does not, however, reflect the higher losses that occur in
the year of application as the shortand medium term losses are also averaged out.

Page 32 of 42 Penwith Farmscoper Report NECR486


https://adas.co.uk/services/farmscoper/

Therefore, in this project it was decided to leave the shortand medium-term losses
unaltered, and reduce the long-term losses to account for the frequency of application.
This was achieved by adding a new mitigation measure in Farmscoper_Evalute, with
100% prior implementation (and zero costs), that reduce theses long-term losses. The
required data for the ‘Method Impact’ tab are shown in Table A1. The results of this
measure are obviously not included until the Farmscoper_Evalute file has been applied,
and so any baseline losses would not reflect the frequency of application.

Table A1. Method Impact values for the ‘Manure History’ mitigation measure,
designed to reflect the frequency of manure application

Area Type Timescale Typical
Impact

Nitrate A Arable/ Slurry/FYM/ Long  |Dissolved
Anlmal
Grass Litter
Nitrous All Arable/| All  |Slurry/FYM/| Long All 66 -10 -50
Oxide |Animal
Grass Litter

The scenarios assumed full compliance with regulations, and also the default rates for
the other mitigation measures. This was achieved by selecting ‘Use prior
implementation tables’ within Farmscoper_Evaluate, and then setting the values on the
‘Settings-Priors’ tab to ‘G’ for the Farming rules for Water measures (so that the
implementation rate would be 1005) and to ‘7’ for the NVZ measures (so that uptake
would be increased by 7 bands, i.e. to ‘G’ value, if the farm was set to be within an
NVZ). A screenshot of part of the ‘Settings-Priors’ tab is shown in Figure A1 to help
show this. Note that this approach was designed to allow for both compliance and
background uptake, and the automatic creation of NVZ farms through
Farmscoper_Upscale. To simply specify a fixed rate for each measure, prior uptake
could have been set to the desired value on the ‘Method List’ tab and the ‘Use prior
implementation tables’ option disabled.

Page 33 of 42 Penwith Farmscoper Report NECR486



4 A | B c D E i3 G H I J

1| ___Baseline Values Modifiers ]
@ Method Name Free Other NVZ Intensive  Extensive

2 | D Draining Grazing  grazing |
3| 4 Establish cover crops in the autumn D C -1 -1
4 5 Early harvesting and establishment of crops in the autumn E E
5 | 6 Cultivate land for crops in spring rather than autumn, retainii F B
6 7 Adopt reduced cultivation systems C E -1 -1 Score  Value
il B Cultivate compacted tillage soils E E -1 -1 A 0
8 9 Cultivate and drill across the slope D D B 2
9 10 Leave autumn seedbeds rough D D c 10
10 11 Manage over-winter tramlines D D - - D 25
1) 13 Establish in-field grass buffer strips Cc C E 50
12 14 Establish npanan buffer strips D D -1 1 F 80
13 15 Loosen compacted soil layers in grassland fields E E G 100
14 16 Allow grassland field drainage systems to detenorate ) B
15 | 180 Ditch management on arable land A E
16 181 Ditch management on grassland A D Update Prior
17| 19 Improved livestock through breeding C Cc Implementation on
18 20 Use plants with improved nitrogen use efficiency a A ‘Method List’
19 21 Fertiliser spreader calibration E E 7 -1 worksheet
20 22 Use a fertiliser recommendation system G G
21 23 Integrate fertiliser and manure nutrient supply G G
22 25 Do not apply manufactured fertiliser to high-risk areas G G
23 26 Avoid spreading manufactured fertiliser to fields at high-risk | G G
A AT llaes cccn.dncbicand lndhllmne alas s emib ol alemle- ~ L o

Figure A1-1. How to represent full compliance with some mitigation measures, whilst leaving implementation rates for other
measures to vary by soil, farm type and in/out NVZ.
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Baseline Values Modifiers
g Method Name Free Other | NVZ Intensive | Extensive
ID Draining Grazing grazing
Establish cover crops in the
4 | Butumn D c | o -1 -1
Early harvesting and
establishment of crops in the
5 | autumn E E 0 0 0
Cultivate land for crops in
spring rather than autumn,
6 | retaining over-winter stubbles F B 0 0 0
Adopt reduced cultivation
7 systems c E 0 1 1
Cultivate compacted tillage
g | Solls E E 0 -1 -1
Cultivate and drill across the
g | Slope D D | o 0 0
Leave autumn seedbeds rough
10 D D 0 -1 -1
Manage over-winter tramlines
11 D D 0 -1 -1
Establish in-field grass buffer
13 strips c c 0 ) )
Establish riparian buffer strips
14 D D 0 -1 -1
Loosen compacted soil layers
15 in grassland fields E E 0 0 0
Allow grassland field drainage
16 systems to deteriorate A B 0 0 0
Ditch management on arable
180 | 1and A E | o 0 0
Ditch management on
181 grassland A D 0 0 0
Improved livestock through
19 breeding c c 0 0 0
Use plants with improved
20 nitrogen use efficiency A A 0 0 0
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Fertiliser spreader calibration

21 -1
Use a fertiliser
29 recommendation system 0
Integrate fertiliser and manure
23 nutrient supply 0
Do not apply manufactured
o5 fertiliser to high-risk areas 0
Avoid spreading manufactured
fertiliser to fields at high-risk
26 | times 0
Use manufactured fertiliser
27 placement technologies 0
Use nitrification inhibitors
28 0
Replace urea fertiliser to
290 grassland with another form 0
Replace urea fertiliser to arable
291 land with another form 0
Incorporate a urease inhibitor
into urea fertilisers for
300 | grassland -1
Incorporate a urease inhibitor
into urea fertilisers for arable
301 | land -1
Use clover in place of fertiliser
31 nitrogen 0
Do not apply P fertilisers to
32 high P index soils 0
Reduce dietary N and P
331 intakes: Dairy 0
Reduce dietary N and P
332 intakes: Pigs 0
Reduce dietary N and P
333 intakes: Poultry 0
Adopt phase feeding of
341 livestock: Dairy 0
Adopt phase feeding of
349 livestock: Pigs 0
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Reduce the length of the

35 grazing day/grazing season c c
Extend the grazing season for

36 cattle c c
Reduce field stocking rates

37 when soils are wet E E
Move feeders at regular

38 intervals E E

Construct troughs with

39 concrete base B B

Increase scraping frequency in
dairy cow cubicle housing

42 C C
Additional targeted bedding for

43 straw-bedded cattle housing c c
Washing down of dairy cow

44 collecting yards D D

Frequent removal of slurry
from beneath-slat storage in
46 | pig housing B B

Install air-scrubbers:
mechanically ventilated pig
481 | housing B B

Install air-scrubbers:
mechanically ventilated poultry
482 | housing B B

More frequent manure removal
from laying hen housing with
50 | manure belt systems C C

In-house poultry manure drying
51 C C

Increase the capacity of farm
slurry stores to improve timing
52 | of slurry applications A A

Adopt batch storage of slurry
53 A A

Install covers to slurry stores
54 C C

Allow cattle slurry stores to

55 develop a natural crust

Anaerobic digestion of

56 livestock manures A A
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570

Minimise the volume of dirty
water produced (sent to dirty
water store)

571

Minimise the volume of dirty
water produced (sent to slurry
store)

59

Compost solid manure

60

Site solid manure heaps away
from watercourses/field drains

61

Store solid manure heaps on
an impermeable base and
collect effluent

62

Cover solid manure stores with
sheeting

63

Use liquid/solid manure
separation techniques

64

Use poultry litter additives

67

Manure Spreader Calibration

68

Do not apply manure to high-
risk areas

69

Do not spread slurry or poultry
manure at high-risk times

70

Use slurry band spreading
application techniques

71

Use slurry injection application
techniques

72

Do not spread FYM to fields at
high-risk times

73

Incorporate manure into the
soil

76

Fence off rivers and streams
from livestock

7

Construct bridges for livestock
crossing rivers/streams

78

Re-site gateways away from
high-risk areas

Page 38 of 42 Penwith Farmscoper Report NECR486




79

Farm track management

80

Establish new hedges

81

Establish and maintain artificial
wetlands - steading runoff

82

Irrigate crops to achieve
maximum yield

83

Establish tree shelter belts
around livestock housing

90

Calibration of sprayer

91

Fill/Mix/Clean sprayer in field

92

Avoid PPP application at high
risk timings

94

Drift reduction methods

95

PPP substitution

96

Construct bunded
impermeable PPP
filling/mixing/cleaning area

97

Treatment of PPP washings
through disposal, activated
carbon or biobeds

101

Protection of in-field trees

102

Management of woodland
edges

103

Management of in-field ponds

105

Management of arable field
corners

106

Plant areas of farm with wild
bird seed / nectar flower
mixtures

107

Beetle banks
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Uncropped cultivated margins

108 0 0
Skylark plots

109 0 0
Uncropped cultivated areas

110 0 0
Unfertilised cereal headlands

111 0 0
Unharvested cereal headlands

112 0 0
Undersown spring cereals

113 0 0
Management of grassland field

114 | cOMers 0 0
Leave residual levels of non-

116 | @99ressive weeds in crops 0 0
Use correctly-inflated low
ground pressure tyres on

117 | machinery -1 -1
Locate out-wintered stock

118 | @way from watercourses 0 0
Use dry-cleaning techniques to
remove solid waste from yards

119 | prior to cleaning 0 -1
Capture of dirty water in a dirty

120 water store 0 1
Irrigation/water supply
equipment is maintained and

121 | leaks repaired 0 0
Avoid irrigating at high risk

122 | imes 0 0
Use efficient irrigation
techniques (boom trickle, self

123 | closing nozzles) 0 0
Use high sugar grasses

124 0 0
Monitor and amend soil pH

125 status for grassland 0 0
Increased use of maize silage

126 0 0
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Improved crop health
131 A A 0 0 0

Better health planning: dairy
132 A A 0 0 0

Better health planning: beef
133 A A 0 0 0

Better health planning: sheep
134 A A 0 0 0

Improve livestock through
genetic modification

135

Slurry acidification during

136 storage

Slurry acidification at spreading
137 A A 0 0 0

Install covers to slurry stores
138 and burn off methane A A 0 0 0
Use feed additives to reduce

139 enteric methane emissions A A 0 0 0

ManureHistory
140 G G 0 0 0

Score | Value

A 0

B 2

C 10
D 25
E 50
F 80
G 100

Figure A1-2. How to represent full compliance with some mitigation measures,
whilst leaving implementation rates for other measures to vary by soil, farm type
and in/out NVZ (more accessible version).
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