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Abstract 
Nutrients are vital to sustain farming systems and to help them thrive. However, it is 

important that farming systems do not waste nutrients and that nutrient management 

minimises environmental degradation. The motivation of this research has been to further 

our understanding of nutrient use, making efficient use of existing and accessible data. Policy 

aims to control agricultural nitrogen (N), through the Nitrates Directive (1991), but the policy 

does not refer to P or K. The Ythan catchment located in Aberdeenshire, Scotland is the case-

study for this thesis; an area that has been designated as a Nitrate Vulnerable Zone (NVZ) in 

response to the Nitrates Directive (1991). This thesis has specifically explored the use of the 

agricultural parish scale for policymakers as well as different information sources used by 

farmers in the case study area. To do this, a nutrient budget approach, using readily collected 

government data, has been produced for nitrogen (N), phosphorus (P) and potassium (K). 

Arable (crop and grass) and livestock nutrient budgets were produced using Scottish data. 

Such nutrient budgets then feed into the Agricultural parish nutrient budgets (APNBs) for the 

Ythan catchment. These APNBs were specifically produced for the years ranging 1983–2000 

(prior to NVZ implementation) and 2004–2014 (after NVZ implementation). Existing datasets 

were used to produce these nutrient budgets; such as the June Agricultural Census (JAC) and 

the British Survey of Fertiliser Practice (BSFP) amongst others, and consequently these have 

helped support our understanding of nutrients within the agricultural parish. The latter 

integration of the nutrient budget considered excreta production and use within these 

farming systems. Furthermore, partitioning the N surpluses helped to explore the 

contribution of these surpluses to leaching, volatilisation and N2O emissions. In order to place 

these nutrient budgets in context with farm level practice, a farm survey was conducted 

which explored nutrient inputs as well as livestock and cropping patterns at farm level. The 

survey also explored the opportunities for disseminating information via a range of sources. 

It was found that it is possible to have an assessment approach, from which policymakers can 

review policy against, at an agricultural parish level. The crop and grass budgets tended to 

decrease for N between the pre and post-NVZ implementation periods; although a P deficit 

was largely identified after NVZ implementation. For K, there was a mixed picture—some 

crop and grass nutrient budgets showed a decrease after NVZ implementation, others did 



 
 

not. At agricultural parish level, for crops and grass, it was found that nutrient balances in 

the post-implementation period were influenced by changes to inorganic fertiliser 

application as well as cropping pattern changes. At livestock level, the N, P and K balances 

for poultry after NVZ implementation were not statistically different to the N, P and K 

balances prior to implementation. Collectively, it was determined that excreta can be better 

used at agricultural parish level, to reduce inorganic fertiliser application, as well as helping 

to rectify nutrient deficiencies. Additionally, the farm-level assessments showed that the 

input data supplied from these survey data was characteristic of the governmental data used 

for: crop and grass, livestock and agricultural parish level nutrient budgets. As governmental 

data are relatively accessible and has been collected over decades, its use would aid 

policymakers. In terms of information outlets, farmers use consultants as their key 

information source. As such, there is an opportunity to use government data for nutrient 

budgeting going forward and for policymakers to better target information sources used 

within the agricultural community. 

Lay Summary 
Nutrients are vital to life and they are present within all organisms; plants and livestock. As 

crops are harvested and animals are used for meat, nutrients move from their original 

locations and with that moves nutrients. To keep these systems maintained with nutrients 

largely synthetic fertilisers and manures/slurries are used to maintain good nutrition. Good 

nutrition helps animals to grow and thrive. However, the application of nutrients has posed 

a challenge for some time, as these nutrients are often mismanaged. Where nutrients are 

surplus to requirements, there are a range of implications for water quality, air quality with 

the waste of resources costing farmers. To manage nutrients, nutrient budgets are a useful 

tool. They can be produced at any scale. Here using these government data, we see what is 

possible at a new scale (statistical unit) used by the Scottish Government. Rather than having 

to collect these data manually which would be laborious and time-consuming, this offers a 

new opportunity. Understanding how farmers use information is also important to help 

policy makers in future.
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Chapter 1 General Introduction 

 
High-yielding crops and livestock require Nitrogen (N), phosphorus (P) and potassium (K) in 

large quantities in order to grow and develop (Salisbury & Ross, 1978). Due to high demand 

of the nutrients, N, P and K in farming systems are referred to as ‘macronutrients’. It is these 

macronutrients which are the focus of this thesis. N, P and K are largely imported into arable 

systems via inorganic and organic fertiliser application. For livestock systems, livestock feed 

is the main input, of which grass, crops and liquid concentrates are the main inputs of this 

livestock feed (Kellems & Church, 1998). Nutrients are then stored within the soil or recycled 

within the farming system, this is until they are removed from the system either as crops or 

livestock or lost to the wider environment (e.g. volatilisation, leaching or direct emissions). 

Livestock systems lose nutrients when livestock is removed from the system and through 

manure and slurry (organic fertilisers). However, manure and slurry are beneficial for arable 

systems and can be transferred to arable systems from livestock systems. Further to this, 

nutrients can also accumulate within a system by being stored in the soil (Withers et al., 

2014). At the point where there are more nutrients in the farming system than can be 

assimilated into crops and livestock, a nutrient surplus is deemed to occur (Goulding et al., 

2008). Nutrient surpluses arise where there are excess nutrients because not all of the 

nutrients applied to a farming system are biologically assimilated. Conversely, the farming 

system may not have enough nutrients to sustain healthy biological activities, and thus would 

be considered to be in ‘nutrient deficit’ (Bateman et al., 2011). 

 
Prior to the production of chemical fertilisers, via industrial processes, fertilising crops 

depended on: manure and slurry, crop rotation (management of soil fertility) or growing 

leguminous crops (biological fixation of N) to manage soil fertility. This was supplemented 

with inorganic sources such as: rock phosphate or rock potash and organic sources, for 

example; animal bones (Jellings & Fuller, 1996). From the latter part of the 19th century, it 

became possible to manufacture inorganic N using the industrial Haber-Bosch process 

(Ball, 2015), with P and K inorganic fertilisers also produced via industrial mechanisms 

(Russell, 1950). The production of phosphate fertiliser, made from the acidification of apatite 

within phosphate rock, and producing potassium fertiliser from potash rock has made 

inorganic fertiliser available on an industrial scale. For this reason, there was increased use 
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of inorganic fertilisers (N, P and K) as availability improved; which resulted in higher yields, 

this is until such yields plateaued (Fischer et al., 2011; Knight et al., 2012).  

At the point when the UK joined the European Economic Community (EEC) in 1973, 

agricultural productivity was a key agricultural motive. This continued to be the case under 

the EEC (now EU) Common Agricultural Policy (CAP), and so UK agricultural subsidies were 

based on agricultural production (European Commission, 2015). With little need for farmers 

to consider nutrient use within the realms of CAP, farmers continued and became reliant on 

inorganic fertilisers as a quick and easy method to gain high yields (Hawkesford, 2014). As a 

consequence of heightened inorganic N fertiliser use (Martin, 2000), the eutrophic nature of 

N pollution became more apparent. In policy it was termed the ‘nitrate problem’ (MAFF, 

1993) or ‘nitrogen problem’ (UNEP, 1999). Latterly policy attention has moved towards the 

‘nitrogen fix’ and ‘closing the loop’  (UNEP, 2019), as well as other nutrients such as P which 

also contribute to eutrophication. 

 
Where N and P are in surplus, and go on to be leached from the soil, these contribute to 

eutrophic freshwater, groundwater and estuary waters (Ball et al., 2005; Defra, 2017; 

Lillywhite & Rahn, 2005; Raffaelli, 2000). Nutrients can also accumulate in soil, rocks or 

groundwater (Brouwer & Hellegers, 1996a; Langeveld et al., 2007), with N accumulating in 

soil leading to soil acidification. These matters are explored further in Chapter 2. The greatest 

source of N in freshwater is from agriculture as a result of diffuse pollution (Defra, 2014; 

SEPA, n.d.) (see Figure 1-1 for further details). Prior to the use of inorganic N, there were only 

small losses of N from agriculture to freshwater (Worrall et al., 2015). In addition to leaching, 

N can be lost through other processes which do not impact water quality but still have 

significant impact. Ammonia volatilisation (NH3 emissions), loss of N2O (nitrous oxide) from 

soil nitrification and soil denitrification (N2 and N2O) are significant losses of N from 

agricultural systems. At both EU and UK level, N2O emissions continue to form the greatest 

proportion of all greenhouse gas emissions from the agricultural sector as cited in the current 

emissions inventory (National Atmospheric Emissions Inventory, 2019). NH3 emissions are 

also produced by the agricultural sector (Defra, 2018b; European Environment Agency, 2017) 

although these are not explored in further detail within the thesis. At present, UK 

implementation of the EU Nitrates Directive (1991) stipulates there is still a need to reduce 

nutrient surpluses, in areas designated as nitrate vulnerable zones (NVZs). The policy was 

written from a water quality perspective, there are however gains to be made from 
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regulating N use which will have implications on emissions. Further information on nutrients, 

nutrient assessment and environmental and economic impact of nutrient loss within farming 

systems can be found in Chapter 2. 

 
In addition to the on-farm losses, there are also environmental impacts further upstream, for 

example, greenhouse gases (GHGs) produced in the mining, production and transportation 

of inorganic fertiliser (explored further in Chapter 2). As a consequence of agricultural 

production there are also downstream effects, for example particulate matter (by-product 

of ammonia production) which have been found to have an impact on respiratory health 

(European Environment Agency, 2017). In addition to the environmental impacts of nutrient 

use, loss of nutrients from farming systems are a waste of resources and an economic loss 

for farms (Lillywhite & Rahn, 2005). 

 
Nutrient assessment is important to measure nutrient use within agricultural systems. In 

recent years, nutrient assessment has developed largely in response to heightened 

awareness of poor nutrient management, signalled by the introduction of EU legislation 

(Eory & Hutchings, 2017; Silva et al., 2000). The Nitrates Directive (91/676/EEC) established 

in 1991 (here on in referred to as the ‘Nitrates Directive’) is a key legislative act in this regard 

and the agricultural sector in Scotland has been faced with regulatory changes to nutrient 

management over time in response to this directive (Scottish Government, 2013c; UK 

Government, 1998, 2008). The Nitrates Directive permits N to be applied up to the limit of 

170 kg N ha-1 yr-1 and specifies the length of time periods where organic fertilisers are not 

allowed to be applied (closed periods). Furthermore, the grassland derogation in Scotland 

permits manure to be applied up to 250 kg N ha-1 yr-1 if farms apply to the Scottish 

Government and meet specific considerations (Scottish Government, 2013a). Nutrient 

assessment can highlight existing failings as well as signal nutrient use improvements. It is 

paramount that policymakers can ensure nutrients are used efficiently; that is to say, that 

the nutrient surplus within farming systems is minimised. In doing so, it would reduce the 

burden that excess nutrients place on farm economic efficiency and ensure good water and 

air quality. However, it is complex, because each farm has different characteristics and 

different management approaches. It is challenging to focus on individual farm management 

for practical and data reasons, but ultimately it is the collective management of farms that is 

important. Farmers use experience and different information sources to influence farm 

management, for example other farmers in the area or the media (Sutherland et al., 2011). 
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In order for policymakers to highlight nutrient management opportunities or policy 

recommendations, they need to do so through the most effective and easily accessible 

information sources (Sharpley et al., 2015). Consequently, an assessment of information 

sources that are used in practice, were deemed to be imperative to this study.  

 
In terms of UK land area, the agricultural sector owns and manages more land than any other 

sector, most of which supports food production (Defra, 2017). Whilst the agricultural sector 

has worked to improve environmental outcomes, it is recognised that better nutrient 

management could reduce surplus nutrients in the environment (Defra, 2009, 2017; 

SEPA, n.d.). Agriculture is the industry that uses the most nitrogen in the UK, and 

consequently the sector is also the main contributor of nitrogen-based water pollution 

(Lillywhite & Rahn, 2005). In the UK as of 2014, three of the largest environmental burdens 

of any sector come from the agricultural sector: ‘Nitrogen in rivers (E&W)’, ‘Ammonia 

emissions’ and ‘Nitrous oxide emissions’ (Figure 1-1). Other burdens referenced in Figure 1-1 

to which nutrients in the agricultural sector contribute includes: ‘Total phosphorus in rivers 

(GB)’ (diffuse pollution), ‘Methane emissions’, ‘Carbon dioxide emissions’ and the overall 

combined emissions expressed as ‘Total GHG emissions (CO2e)’ (which combines carbon 

dioxide, methane and nitrous oxide). Such burdens can be minimised by minimising nutrient 

application and better nutrient management.  
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Notes:  
E&W refers to England and Wales 
GB refers to Great Britain 
CO2e refers to the carbon dioxide equivalent (CO2-eq) 
 
Figure 1-1:The environmental footprint of agricultural activity in 2016. Adapted from 
Defra (2017). 

The key challenge for nutrient management in farming systems is to reduce environmental 

impact, whilst retaining productivity. Externally sourced nutrient inputs are needed to 

replace offtake from agricultural systems (Robinson & Sutherland, 2002). In an ideal world, 

nutrients should replace only what has been lost via offtake (yield), or be used to restore soil 

fertility (Edmeades, 2003) because any excess is of no benefit to the system. Where nutrients 

are applied to farming systems at the optimal rate and are not in surplus within the farming 

system, there is reduced likelihood of nutrients being lost to the environment (Öborn et al., 

2003; Shepherd & Chambers, 2007). However, even in the most efficient agricultural 

systems, neutral nutrient balances are unlikely given the challenges to balance nutrient 

inputs and nutrient outputs with feed and fertilisers moving across farm boundaries 

(Hellsten et al., 2011). 

Agricultural intensification (high agricultural output per unit area) has increased the 

occurrence of specialised single enterprise farms in Scotland. The separation of livestock and 

crops poses a threat for the management of nutrients. In Scotland, a greater proportion of 

livestock is based in the west and arable cropping more concentrated in the east 

(Leinonen et al., 2019) as is the case in the UK as a whole (Edwards & Withers, 1998). This is 

because cropping systems typically require fertilisation (inorganic or organic) whilst livestock 
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systems produce organic fertilisers. Consequently, there is a need for organic fertilisers to be 

transported to arable systems if the nutrients are to be fully incorporated back into 

agriculture. In order to maximise the use of excreta from this livestock, there needs to be 

recognition of excreta produced locally (amount and nutrient content). Where excreta can 

be easily used by farming systems, there are opportunities to reduce inorganic fertiliser use 

on crops and grass.  

To date, policymakers have focused their attention towards N (Withers et al., 2014). 

However, phosphorus has received more attention recently, given that it too, can contribute 

to eutrophication (Buckley et al., 2016). EU policy has traditionally assumed that phosphate 

levels will change in line with nitrate levels, because ‘N’ is an indicator for ‘P’ (Schoumans et 

al., 2015), but there is limited research on this relationship. As such, P has not been regulated 

by an EU Directive (Amery & Schoumans, 2014), but more recently, some countries within 

the EU have decided to tackle P independently and established P regulations (Amery & 

Schoumans, 2014). In contrast, K is not responsible for eutrophication (alike N and P) and so 

has not been be regulated for diffuse pollution reasons. Despite a lack of UK regulation, K is 

a macronutrient and minimising the waste of K in farming systems will reduce the waste of 

resources and provide economic benefits at the farm level. Poor soil health has recently been 

recognised as a concern within government, and so, going forward the Scottish Government 

has said they will consult more on soil testing for P and K in future (Scottish Government, 

2017). It has also been thought that in order to reduce GHG emissions, Scotland should make 

soil testing compulsory for the testing of N (Committee on Climate Change, 2018). Given 

these current discussions in government and beyond, it seems apt to assess N, P and K in this 

thesis.  

In 2013, levels of total oxidised nitrogen (TON) in freshwater were provided by the Scottish 

Environmental Protection Agency (SEPA) to inform policymakers in the consultation ahead 

of NVZ boundary revisions in Scotland (Scottish Government, 2014e). However, it is 

recognised that nutrients found within freshwater sources are not necessarily representative 

of current agricultural practice due to time lags (Sharpley et al., 2015).  

 

There are opportunities to develop an assessment approach which can be of benefit to 

policymakers, and of practical interest for farmers. It has been suggested that aligning arable 
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farming in close proximity with livestock provides a sustainable approach for the 

management and recycling of nutrients (Sharpley et al., 2015; Watson et al., 2019). Thus, it 

is important for an assessment approach to consider both arable and livestock farming. 

Ultimately, careful management of nutrient inputs and outputs between arable and livestock 

systems can help to mitigate negative impacts (Buckley et al., 2016) and NBs are a tool which 

focus on these inputs and outputs, resulting in the calculation of a ‘nutrient balance’ 

(Oenema et al., 2003). Further information is provided in Chapter 2. Nutrient budgets can 

directly support nutrient management within farming systems (Brouwer, 1998) but can also 

support at the policy level (Watson et al., 2019). Furthermore, nutrient budgets for N, 

indicate the use of fertiliser N and the associated N balance—key information which can help 

to build our understanding of GHG emissions from agriculture such as, N2O emissions 

(Fernall, 2015). Indeed, at policy level, ‘Nourish Scotland’ are lobbying for a Scotland-wide N 

balance to help assess N2O–N in more detail (Nourish, 2017). The Committee on Climate 

Change (2019) has also welcomed a Scotland-wide N balance, that could help to indicate 

opportunities to reduce N2O emissions. 

It is known that NBs are a useful tool, given that overapplication of nutrients measured at 

farm level directly correspond with nutrient losses from agricultural land (Buckley & Carney, 

2013). Typically nutrient budgets have focused on the field, farm, catchment or country level 

(Brouwer et al., 1995; Cherry et al., 2012; Koelsch, 2005). 

 

 Farm-gate nutrient budgets 
Farm-gate NBs can be produced for any farm to help understand nutrient inputs, nutrient 

outputs and thus inform the farmer about nutrient management on the farm. Nutrient 

management decisions are made by farmers at the farm level (where nutrients are applied 

and produced). In farms within NVZ areas, farm-gate NBs are legally required as part of the 

nutrient management plan (NMP). Such NMPs are stored on farm. On the farm, farm-gate 

NBs can be used to help manage the source of nutrients. Broad findings of farm-gate NBs, 

show that livestock farming systems often have greater nutrient surpluses than their arable 

counterparts (Bateman et al., 2011; Edwards & Withers, 1998). Farm-gate NBs provide 

information for the farm manager, but they do not provide information about wider nutrient 

management practice within the area. 



8 
 
 

 Catchment nutrient budgets built using farm data 
It is recognised that nutrient budgets are not commonly produced at the catchment level 

(Gibbons et al., 2014; Kay et al., 2012). Despite this general observation, catchment nutrient 

budgets (N and P) have been produced for 1960, 1970, 1980, 1990 and 1994 in the Ythan 

catchment (Domburg et al., 1998, 2000). These NBs were produced before the area was 

designated a NVZ (designation based on N being above 50 mg l-1 in local freshwater). 

Catchment nutrient budgets provide an understanding of nutrient use in the catchment, but 

such nutrient budgets are complex to produce. These nutrient budgets require the use of 

farm level information to scale up to the catchment level, commonly collected through 

surveying (Domburg et al., 2000). Gaining these data would be a complex expensive process 

(Cherry et al., 2008).  

 Agricultural parish nutrient budgets built using national 
and regional data 
The agricultural parish scale is a common statistical unit used in Scotland by the Scottish 

Government within the agricultural sector (Scottish Government Spatial Data Infrastructure, 

2018), with livestock numbers and crop area presented at this scale. For this reason, NBs 

which refer to the agricultural parish scale are well placed to inform policy in Scotland. 

Agricultural parish data has been inputted into Scottish nutrient assessments 

(Leinonen et al., 2019), but for the most part results have not been represented at the 

agricultural parish scale. Furthermore, Dunn et al. (2004) has used agricultural parish level 

data to assess nitrogen leaching to stream water again with the results presented at the 

catchment scale. Domburg et al. (1998) used agricultural parish data to produce catchment 

budgets in the Ythan catchment as well as the agricultural parish. Rather than just using 

agricultural parish data to produce NBs at the catchment scale, there are opportunities for 

the NBs to be produced at the agricultural parish scale to provide comparison between 

different cropping or livestock systems—in essence each agricultural parish can be used as a 

data point. Agricultural parish data are preferable to farm data for several reasons. At 

present, nutrient management plans (nutrient records) are held at the farm site and so not 

easily accessible to policy makers. Furthermore, a recent legislative amendment only 

requires farmers to keep the records for three years, as opposed to five years 

(Scottish Parliament, 2013). These reasons would create challenges in obtaining long-term 

data on farm nutrient management. 
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 Time series data 
The Scottish agricultural sector has undergone several changes across the 31 years, between 

1983–2014 (the study period of this thesis). Cattle numbers across Scotland have declined, 

the area devoted to growing oats has decreased, whereas the area devoted to oilseed rape 

has increased. Such changes are likely to have coincided with changes in nutrient use and 

nutrient efficiency. Burt et al. (2008) stated that time series data of less than 20–30 years are 

not sufficient, as large agricultural changes may not be easily observed. Few studies assess 

the management of nutrients over a ~30 year period, and consequently this thesis provides 

the opportunity to assess nutrient management in light of significant agricultural changes. 

 Use of information on farm 
Farmers manage farming systems and make decisions about nutrient use. Knowledge flows 

are believed to influence management on farm (Barnes et al., 2007). Farm nutrient budgets 

provide an indication of nutrient management, but such NBs are not always used to influence 

nutrient management decisions (Barnes et al., 2009). For example, in the Macgregor & 

Warren (2006) study of 30 farmers from a range of farm types, only one farmer had directly 

referred to a nutrient budget. Assessing the use of information can help ‘policy influencers’ 

to target resources in the most effective way to improve nutrient management. A ‘social 

network’ approach can also explore the relationships between information sources. 

 
The aims and objectives described in section 1.6 are assessed with reference to a case study 

area; the Ythan catchment for the period between 1983–2014. The Ythan catchment, 

Aberdeenshire, Scotland, UK (Latitude: 57° 20' 18.00" N and Longitude: -1°57' 17.99" W) is 

the hydrological catchment of the River Ythan, as defined by the SEPA (SEPA, 2006) and is 

located within the north east of Scotland (Figure 1-2). The Ythan estuary is located ~20 km 

from Aberdeen and the River Ythan is 60 km in length (MacDonald et al., 1995). The 

catchment is homogenous in terms of elevation, ~900 mm annual precipitation and fine 

sandy loam soils (Dunn et al., 1998; Edwards et al., 2003; McAlister et al., 1997; Reay et al., 

2009). The Ythan catchment lies within the Moray Nitrate Vulnerable Zone which was 

established by the Scottish Government in response to the Nitrates Directive (91/676/EEC). 

The catchment, is ~690 km2 in area (Domburg et al., 1998; Edwards et al., 2003; SEPA, 2006) 

with ~90% of the catchment under agricultural activity (Raffaelli, 2000; Wiegand et al., 2010). 

Nitrogen in the River Ythan and estuary is largely from agricultural sources leading to 
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eutrophication (Pugh, 1993; Wright et al., 1991), a key environmental impact which has been 

well-researched in the Ythan catchment (Reay et al., 2009). For example, eutrophication in 

the Ythan estuary and river has biologically affected the ecosystem (OSPAR Commission, 

1992; Raffaelli et al., 1989). In the early years of the NVZ designation, the Ythan Project took 

place in the years 2001–2005 (Sang & Birnie, 2008), which was funded by the EU and worked 

to involve local people with improvements to the River Ythan and the catchment to improve 

environmental outcomes (European Union, 2005). 

 
Figure 1-2: The Ythan catchment: showing the River Ythan, tributaries and general  
location and topography. Taken from Dunn et al. (1998). 

Choice of Ythan catchment 
The research into the eutrophic effects combined with the creation of the Nitrates Directive 

(91/676) ultimately led to the Ythan catchment being designated the second NVZ in Scotland 

(part of the Aberdeenshire, Banff and Moray Nitrate NVZ) in 2000 (Edwards et al., 2003; UK 

Government, 2000). There are several reasons why the Ythan catchment has been selected. 

Firstly, the early NVZ designation means that there are an extensive number of years post-

designation that can be assessed. Secondly, the Ythan catchment has an agricultural 

composition representative of Scottish agriculture as a whole (excluding rough grazing) as 

shown in Chapter 2. Furthermore, the Ythan catchment retained its designation in the 2005 
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and 2009 NVZ reviews in Scotland (Speirs, 2015) and also under the 2014 review of boundary 

revisions (Scottish Government, 2014e). This is against a backdrop of despite methodological 

changes used determine the boundary areas (Speirs, 2015). Broadly, the decision for the 

Ythan catchment to remain a NVZ still reflects continued high Total Organic Nitrogen (TON) 

levels within the River Ythan (Sample & Dunn, 2014)—agricultural nutrient use in itself, did 

not inform this decision. 

 
Overall, it is important to assess nutrient use within agricultural systems so that usable 

output can be maximised and the environmental impacts minimised. A nutrient budget 

assessment of the catchment through assessment at the agricultural parish level, each with 

its own nutrient budget has not been undertaken to date. Neither has a comparison which 

has assessed the differences before and after the implementation of NVZ legislation been 

undertaken to date. Consequently, this thesis provides a comparison before and after NVZ 

introduction. A key objective has been to develop an appropriate assessment method using 

nutrient budgets at a new scale; the agricultural parish level, to provide new insights. Analysis 

contained within chapters 3, 4 and 5 of this thesis is based at the agricultural parish scale. 

This scale allows comparison of a range of systems and identifies where nutrient 

management changes are needed at a more local level. In chapter 6, how farmers use 

information sources is assessed alongside farm nutrient management farm which helps to 

indicate how policymakers can target future policy. The results of this thesis provide an 

overview of current nutrient management and will highlight to policymakers, the challenges 

that remain for nutrient management. 

Thesis Aims 

This thesis aims to: use a new nutrient budget approach to assess the effect of NVZ 

regulation on the use of nitrogen (N), phosphorus (P) and potassium (K) within the Ythan 

catchment agricultural parishes between 1983–2014. It also explores use of information 

sources by farmers in the case study area. 
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Hypotheses 
 
Chapters 3 and 4 
H0 Nutrient budgets in the Ythan catchment do not show a statistically significant 

improvement within agricultural systems post NVZ implementation, when compared with 

the time period before implementation. 

H1 Nutrient budgets in the Ythan catchment show a statistically significant improvement 

within agricultural systems post NVZ implementation, when compared with the time period 

before implementation. 

Chapter 5 
H0 That excreta production in the catchment will not be capable of providing the nutrients 

for all arable crops and grass in the catchment. 

H1 That excreta production in the catchment will be capable of providing the nutrients for all 

arable crops and grass in the catchment. 

Chapter 6 
H0 That farm level nutrient budgets will show similarities with the nutrient budgets produced 

at the agricultural parish level. 

H1 That farm level nutrient budgets will show similarities with the nutrient budgets produced 

at the agricultural parish level. 

H0 That farmers will not use Scottish Government as the key information source. 

H1 That farmers will use Scottish Government as the key information source. 
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Thesis Objectives 
 
In order to test these hypotheses, the thesis was structured using the following objectives. 
 
1. Create nutrient budgets for arable and livestock systems in the Ythan catchment, pre and 

post implementation of the NVZ.  

2. Partition nutrient budgets where surplus exists.  

3. Make efficient use of secondary data.  

4. Survey farmers within the Ythan catchment on nutrient use and produce farm gate 

nutrient budgets.  

5. Cross reference secondary data against primary data. 

6. Survey farmers to understand which information sources are deemed important in the 

Ythan catchment community.  

7. Undertake social network analysis.to assess  
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Chapter 2 Nutrient Management in Farming 

Systems: Literature Review 

 
The agricultural sector is responsible for the greatest proportion of N and P losses to 

freshwater in the UK (Defra, 2014a). This is all true of the Ythan catchment (see Chapter 1). 

Furthermore, in Scotland, the agriculture sector is the second largest contributing sector 

(after transport) in terms of total greenhouse gas emissions (GHGs), with nitrous oxide 

specifically being the third largest contributor of agricultural emissions (after carbon dioxide 

and methane) (Committee on Climate Change, 2019). However, there is concern that since 

2008, emissions from the agricultural sector on the whole, remain largely unchanged 

(Committee on Climate Change, 2019). For example, Scottish direct emissions from 

agriculture declined from the baseline year of 1990 but only slightly—an exact decrease of 

1.3 MtCO₂e in total (Committee on Climate Change, 2019). Whilst Scotland has committed 

to improve environmental outcomes within the agricultural sector (Scottish Government, 

2010), improvements have been slow and so recommendations to government have 

explored options and opportunities for improving environmental outcomes (Committee on 

Climate Change, 2018). However, it is clear the understanding of nutrient use in agriculture 

would play a key part, in terms of improving environmental outcomes and has the potential 

to improve economic outcomes for farms.  

 
Feed and fertiliser are key inputs into Scottish farming systems with the average total 

inorganic fertiliser application in Scotland estimated at 196 kg ha-1 yr-1 during 2018 

(Defra, 2018). Better management and assessment of these nutrients in farming systems is 

needed going forward. Despite earlier legislative efforts, e.g. Nitrates Directive to reduce N 

loads to the freshwater environment, nutrient losses still continue in the UK (Defra, 2018a). 

Losses are specific to the scale of assessment; and a nutrient surplus arises if these losses do 

not exceed inputs at the same scale. To improve outcomes going forward, an understanding 

of the agricultural context, nutrient use, nutrient assessment and also a review of nutrient 

policy and information flows will be important for policymakers (see Chapter 1). This chapter 

explores the background within the literature focusing on the Ythan catchment and wider 

Scotland in the context of the UK and the EU.   
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In Scotland, 73% of the total land area is used for agriculture; this, however, is not evenly 

distributed across the country (Scottish Government, 2014b). In 2014, only ~10% of this 

agricultural land was used to grow crops and for fallow (Scottish Government, 2014b). The 

presence of farming systems (and also crop type) in Scotland is influenced by physical factors, 

such as climate and terrain in the first instance. For instance, the ‘Land Capability for 

Agriculture’ assessment (see Table 2-1) shows that most agricultural land is treated as ‘Rough 

Grazing’ land, which is typically used for ruminant grazing. It is often difficult to improve 

rough grazing land for climatic and physical reasons. One such example is that access to this 

land may be a challenge, preventing mechanical devices seeding grass and clover swards 

(James Hutton Institute, 2018). As such, rough grazing land typically receives no fertiliser 

application (Scottish Government, 2011a). The distribution of agricultural land in Scotland is 

shown in Figure 2-1. Land capable of supporting ‘Arable Agriculture’ and ‘Mixed Agriculture’ 

is more predominant in the east of Scotland with ‘Rough Grazing’ and ‘Improved Grassland’ 

more predominant in the west of Scotland (Figure 2-1). A more detailed exploration of 

agricultural land shows farming types at agricultural parish level in Scotland (Figure 2-2). 

Table 2-1: Land Capability for Agriculture (LCA) in Scotland classification. This shows what 
type of agriculture the land is most capable of supporting (adapted from the Macaulay 
Land Use Research Institute (2001b)). 

Capable of Supporting 
Agriculture Type 

Hectares (ha) Percentage (%) 

Arable Agriculture    625 800 8 

Mixed Agriculture 1 541 500 20 

Rough Grazing 4 035 800 51 

Improved Grassland 1 405 700 18 
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Figure 2-1: Location and distribution of land capable of supporting (a) arable agriculture 
(b) mixed agriculture (c) rough grazing (d) improved grassland. Adapted from Macaulay 
Land Use Research Institute (2001b). 

 

 

 

 

 

(a) (b) 

  

  

(c) (d) 
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Figure 2-2: Map showing farm type by agricultural parish across Scotland in 2016. 
Allocation to farm type is based on the total Standard Output that is most predominant in 
the agricultural parish. Adapted from (Scottish Government, 2020). 
 

 Livestock 
As will be discussed in further detail in Chapter 3, this thesis is modelled on the period 1983–

2014. This time period is divided into the pre-implementation period (1983–1999) and the 

post-implementation period (2004–2014). Over this time period, there have been structural 

change within Scottish farming systems; for example cattle numbers have generally declined 

in Scotland over this period (Scottish Government 2014a). Specifically, cattle numbers have 

continued to decrease year on year with 23% fewer cattle in 2014 than in 1983 

(Scottish Government, 2018). At the same time, milk production per cow, per year within the 

dairy sector has increased (SAC Consulting, 2013). For sheep and pigs, livestock numbers 
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peaked in the 1990s, but have since declined (Scottish Government, 2017d). In 2014, there 

were 19% fewer sheep and 29% fewer pigs than in 1983 (Scottish Government, 2018a). With 

the introduction of the reformed CAP in 2003, along with the associated Single Payment 

Scheme (SPS) implemented in the UK in 2005, sheep numbers declined only to stabilise after 

2011 (Scottish Government, 2014a). Poultry numbers have fluctuated between 13 and 15 

million across the 1983–2014 period (Scottish Government, 2017d). For pigs and poultry, 

larger units are now used to house livestock (Cook et al., 2008b). In 2014, the total area of 

agricultural land in Scotland was recorded to be 6,180,230 ha (Scottish Government, 2018a), 

which is 2.5% smaller than in 1983. 

 Crops and Grass Predominance in Scotland 
Cereals were the predominant crop type, in terms of area, for all years between 1983 and 

2014, inclusive, despite a 12% decrease of total cereal area to 462,527.5 ha in 2014 compared 

with 1983  (Scottish Government, 2018). The growth of oilseed rape in this period led to this 

crop replacing some of the cereal area. In 1983, oilseed rape had only been grown in Scotland 

for three years (Hay et al., 2000) and even then was not commonly grown before 1990, 

(Booth et al., 2005). In terms of the drivers behind the farming of oilseed rape in Scotland, 

the demand for biodiesel has been a key influence for some time  (Booth, et al., 2005; Booth, 

2012; HCGA, 2014).  More recently, there has been heightened interest in oil for human 

consumption (Gagen, 2012; Scottish Government, 2017c). However oilseed rape is perhaps 

more challenging to be intensively grown than cereals; even in areas considered suitable for 

‘mixed agriculture’ (Hay et al., 2000). According to the most recent estimates by the Scottish 

Government (2018a) the proportion of Scottish land area dedicated to grass and crops in 

2014 were as follows: grass ≥ 5 years old (47%), grass < 5 years old (22%),  spring barley (14%), 

wheat (5.7%), winter barley (2.8%), winter oilseed rape (1.9%), potatoes (1.5%), spring oats 

(0.9%), winter oats (0.4%), swedes and turnips (0.2%), potatoes and lastly spring oilseed rape 

(0.03%).  

 

Cereals and oilseed rape 
Government datasets do not always distinguish between spring or winter crops or indeed 

the crop end use. However, in farming systems, spring and winter crops may be managed 

differently. In this sense, it is important to know that there is a difference in the average yield 

of spring and winter barley, for example in 2011, the average spring barley yield was 5.5 t ha-1 

(SRUC, 2012a) and the winter barley yield was 7 t ha-1 (Scottish Government, 2011b). Given 
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that winter barley is harvested early, this allows for the crop to be grown in rotation with 

winter oilseed rape (SRUC, 2012b).  Oilseed rape has become more commonly grown as a 

‘break crop’ (for phytosanitary reasons) often before winter wheat (Cook et al., 2008b; Hay 

et al., 2000; Jellings & Fuller, 1996) which also helps to improve soil quality (Booth, et al., 

2005). This is beneficial for oilseed rape which has been found to yield more when following 

another crop such as a cereal (Hegewald et al., 2018). An alternative to winter oilseed rape 

in the crop rotation are nitrogen-fixing beans, which would fix nitrogen to the soil for the 

benefit of the upcoming cereal crop. Legumes (N fixing) are relatively uncommon due to the 

end crop not attracting a high value at the point of sale (Stagnari et al., 2017) when compared 

with oilseed rape. However, legumes could help improve farm margins, if the nutrient 

benefits of legumes over the long term (minimisation of inputs) are considered further. 

Conversely, oilseed rape could also heighten N accumulation (Schjoerring et al., 1995) and 

thus there may be challenges with soil acidity. Ultimately, crops are not grown in isolation —

previous crops do have an influence. However, for data reasons in this thesis, it is not possible 

to determine the cropping rotations on specific farms, but it is possible to assess the 

collective farming change. It is estimated that 35% of the total Scottish barley crop is used 

within the malting sector (NFUS, 2017) with the remainder used for livestock feed (pers. 

Comm, Steve Hoad, SRUC, 2015). This means that in Scotland, most barley is used for 

livestock feed. Spring barley which has N content of 1.60–1.75%, is a key crop purchased by 

maltsters for use largely in distilling within the whisky industry (The Maltsters Association of 

Great Britain, 2011) (SRUC, 2012b). Winter wheat is predominantly grown in Scotland, for 

biscuit production (NFUS, 2017), blended whisky (SRUC, 2012c) or for bioethanol production 

(NFUS, 2017; Syngenta, 2017). The average 2011 winter wheat yield for Scotland was 8 t/ha 

(SRUC, 2012c). Wheat can be grown in rotation after potatoes in order to make use of any 

surplus P and K (Hay et al., 2000) and is also an important stock-feed (NFUS, 2017).  

 
Average oat yields in Scotland are typically higher than elsewhere in Great Britain ( Edwards 

& Wilkinson, 2012). In terms of rotation, winter wheat and winter oilseed rape are the most 

common crops grown prior to oats (Edwards & Wilkinson, 2012). Industry data suggests 

approximately 67% of spring oats grown in Scotland are for human consumption, but it 

should be noted that establishing the proportion of winter or spring crop from industry data 

is challenging (AHDB, 2016; Edwards & Wilkinson, 2012). Winter oats are mostly used for 

animal feed (SRUC, 2018b). The majority of Scottish oats are used for milling and to form 
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products in the food chain such as breakfast cereals, porridge oats and oatcakes (Scottish 

Government, 2017c). 

 

Potatoes and swedes 
Maris Piper potatoes are most commonly grown in Scotland, the implications of which are 

later described in Chapter 3. ‘Ware potatoes’ is the term used to refer to potatoes grown for 

human consumption (NFUS, 2017). Swedes and turnips (Brassica rapa L.) in Scotland are 

predominantly grown for animal feed (known as stock-feed or fodder) either as a harvested 

product or grazed in situ (SRUC, 2018a), although some are grown for human consumption. 

 

Land in the Ythan catchment is suited to arable and mixed agriculture (Macaulay Land 

Institute, 2001c). The land is predominantly classified as Class 3, specifically Class 3.1 or Class 

3.2 under the Land Capability of Agriculture (Macaulay Land Use Research Institute, 2001c; 

Sang & Birnie, 2008). The soil in the area is made of humus iron podsols (Hay et al., 2000). 

Cereals, general cropping and mixed farming are predominant within the Ythan catchment. 

In line with the east of Scotland as a whole, barley and grass are the predominant crops which 

compose a large proportion of livestock feed used in the area (Cook et al., 2008b). Given the 

range of crops that are grown in the Ythan catchment, it is regarded as one of the most 

intensive areas of agricultural production in Scotland (Cook et al., 2008b). Whilst the area 

remains largely unchanged in terms of farm types, there have been clear shifts between crops 

such as a decline in oats, which seemingly has been replaced by cereals such as barley 

(Watson et al., 2013). CAP subsidies have led to cropping pattern changes (Wiegand et al., 

2010), particularly for oilseed rape. In terms of livestock, some of the highest densities of 

cattle are found in north east of Scotland, of which the Ythan catchment is part, (Scottish 

Government, 2017b), with more beef cattle than dairy (Scottish Government, 2015a). 

However, with the fall in dairy numbers since the 1980s, milk production in Aberdeenshire, 

(including Ythan catchment) has declined (Cook et al., 2008b). 

 Nitrogen, phosphorus and potassium within arable and 
livestock cropping systems 
The nutrients, nitrogen (N), phosphorus (P) and potassium (K) are essential to sustain farming 

systems. N, P and K are regarded as primary macronutrients, as they are required by plants 

in greater quantities than other nutrients (Amery & Schoumans, 2014; Defra, 2010a). These 
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nutrients are recycled and regularly transferred between arable and livestock systems. As 

livestock and crops leave the farm, nutrients are removed from the farming system. Nutrient 

loss can also occur where there is high soil nutrient content and low crop demand (Jellings 

and Fuller, 1996). Such losses can be minimised by having good nutrient management which 

is at the heart of reducing fluxes of nutrients from farming systems. Nutrient fluxes that occur 

across farming systems are shown in Figure 2-3 and outlined in detail below. 

 

 

Figure 2-3: N, P and K fluxes within farming systems and the wider environment. Adapted 
from European Nitrogen Assessment, Sutton et al. (2011) and European Environment 
Agency (2004). 

Nitrogen 
It is known that N contributes the greatest proportion of all nutrients in the plant, with typical 

concentrations of between 1.5 –2% dry matter (Tripathi et al., 2014) for non-legumes and 

4.5% for legumes (Ewing, 1997). N is largely responsible for increasing plant yield (Jellings & 

Fuller, 1996). The application and storage of manure however results in a loss of N via N2O, 

NOx and NH3, with surplus N accumulation leading to soil acidification or eutrophication 

(Figure 2-3). N which is mineralised from soil organic matter and the process of soil 

nitrification, (biological oxidation of soil ammonia to nitrates) releases soil N (Edwards & 

Withers, 1998). Such mechanisms lead to the plant available N is in the form of nitrate (NO3-), 

ammonium (NH4
+), and nitrite (NO2

-) (MacDonald, 2006; Salisbury & Ross, 1978). The main 
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sources of N inputs to farming systems are: inorganic fertilisers, slurry, farmyard manure 

(FYM) and biological N-fixation. Legumes support the fixation of N to the soil. N is important 

for supporting the production of amino acids, proteins and nucleic acids and building 

chlorophyll within plants (Lillywhite and Rahn, 2005; MacDonald, 2006). Consequently, lack 

of N can cause slow growth and low yields (Brockman, 1995; Salisbury & Ross, 1978). 

 
Nitrate is vulnerable to leaching and ammonia (NH3) which is produced in the process is an 

emission.  The main routes of nitrate loss from farming systems are through the harvesting 

of crops, emissions (nitric oxide (NO), nitrous oxide (N2O), dinitrogen (N2) and ammonia (NH3) 

run-off, erosion (N attached to soil particles)) and the leaching of N. Inputs of either organic 

or inorganic fertilisers are required to replace such losses from the system. Inorganic 

applications at the time of the Ythan catchment NVZ establishment is shown in Figure 2-4.  

                     

Figure 2-4: (a) Map of inorganic (synthetic) N fertiliser applications in Scotland for 2000 
(year the Ythan catchment NVZ was established). (b) Map of organic N fertiliser 
applications in Scotland also for the year 2000. Taken from Wright et al. (2004). 
 
 
Phosphorus 
Phosphorus (P) is a vital nutrient which forms adenosine triphosphate (ATP), which is used 

by crops in photosynthesis (International Plant Nutrition Institute, 1999). P forms sugar 

phosphates, enzymes (Defra, 2015a; Salisbury & Ross, 1978), DNA and RNA nucleotides 

(Salisbury and Ross, 1978; International Plant Nutrition Institute, 1999; Elser, 2012), and also 
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cell phospholipids (Fertilizers Europe, 2016; Salisbury & Ross, 1978). It is also important for 

fruit and seed production and for early plant growth, particularly root development 

(Brockman, 1995; Defra, 2015a) and general plant health (Jellings & Fuller, 1996). Crop 

growth is stunted where there is P deficiency (Salisbury & Ross, 1978). Where P is in excess, 

root growth is more pronounced in proportion to shoot growth (Salisbury & Ross, 1978). It is 

estimated that of the phosphorus that is applied in a harvest year, less than 20% of the 

amount is used by the plant in that same year  (Cresser et al., 1993). Phosphate is not very 

water soluble, but where dissolving takes place, the soil mineral components sorb the 

phosphate (Cresser, Killham and Edwards, 1993a) and then moves with soil particle 

movement  (Khan & Mohammad, 2014).  

Potassium  
In plants, potassium (K) is important for adenosine triphosphate (ATP) production, much like 

P. The role of K is similarly crucial in opening the stomata, influencing carbon dioxide (CO2) 

uptake and the exchange of water vapour and oxygen (International Plant Nutrition Institute, 

1998). Furthermore, K plays a significant role in: water transportation, carbohydrate 

production (Brockman, 1995; Defra, 2015a), osmoregulation, activation of enzymes 

(Fertilizers Europe, 2016), protein synthesis, sugar transportation, the transportation of 

other nutrients (International Plant Nutrition Institute, 1998) and supporting general plant 

health (Jellings & Fuller, 1996). K, unlike N and P, does not contribute towards eutrophication 

of freshwater (Ristimäki, 2007). It is known that the straw of cereal crops removes higher 

amounts of K than P (Jellings & Fuller, 1996). 

 

 Crop Demands and the use of Nutrients in Arable 
Cropping and Grass Systems 
Plants typically require 16 times more N than P (Baxter et al., 2011). Crops are most often 

deficit in N, followed by P and lastly K (Jellings & Fuller, 1996; Salisbury & Ross, 1978). 

Nutrients can be applied using inorganic fertilisers or through the use of excreta. However, 

different crops have different nutrient requirements. For example, potatoes requite large 

amounts of K (Smith et al., 2015) in order to help with water regulation in the plant and also 

for transporting sugars to the tubers (Potash Development Association, 2007). The N and K 

balance within the plant is of particular significance for the potato crop (Potash Development 

Association, 2007). It is also worth noting that different crops in the rotation can influence 
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the nutrients in the soil. For example, the N requirements of subsequent crops are much 

lower if following oilseed rape in the rotation (Booth, et al., 2005). Furthermore, oilseed rape 

has recently become a more profitable break crop than alternatives such as beans (Burnett, 

2012) but unlike beans, oilseed rape is not N-fixing. These considerations are relevant when 

considering the nutrient budgeting findings later explored in Chapter 3. 

As inferred from Figure 2-3, livestock obtain N, P and K through feed. Livestock require N for 

the production of proteins; important for wool, eggs, milk, animal tissue, growth and 

reproduction (Van Der Hoek, 1998). Phosphorus (P) plays a key role in animal nutrition with 

approximately 80% of total P contained in the skeleton (Agricultural Research Council 

Working Party, 1980b; Satter et al., 2005). P stored in bone can be mobilised during lactation 

(Agricultural Research Council Working Party, 1980b). For ruminants the enzyme phytase 

within their rumens makes P more available than for monogastric livestock (Satter et al., 

2005). Lastly K is one of the most concentrated nutrients in animals, present in muscle, 

nervous and secretory tissues and cells and in livestock plays a key role in osmosis, acid-base 

balance, activation of enzymes, heartbeat and muscles (Agricultural Research Council 

Working Party, 1980b; Preston & Linsner, 1998). 

 

Across the EU, inorganic N fertiliser use  is currently lower than use was in 1983 (start of 

thesis study period), but inorganic fertiliser consumption at EU level is still regarded to be 

in excess and there are more recent signs that its use is increasing (European Union, 2019). 

Figure 2-5 shows consumption of inorganic N fertiliser and minerals that contain phosphate 

and potash used in inorganic fertiliser production in the EU declined steeply between 1991 

(EU Nitrates Directives founded) and 1993. Potash and phosphate consumption has 

continued to decline (Figure 2-5) and continues to decline in line with estimates (European 

Union, 2019). Between 2008–2011 the farm prices for fertilisers increased nearly fourfold 

(Agricultural Industries Confederation, 2017; Defra, 2015a; European Union, 2019). At the 

same time, since 2000 (year of Ythan catchment NVZ establishment), nitrogen applied by 

manure across the EU has declined, due to a decline in EU cattle numbers  (European 

Commission, 2019b), although this decline has not been as abrupt for P (due to manure 

composition, see Chapter 4).  
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Figure 2-5: Inorganic nitrogen fertiliser, potash and phosphate consumption in the EU 
between 1980–2017 and forecasting for the 2026–2027 crop cycle. Adapted from 
Fertilizers Europe (2018). 
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 Inorganic fertiliser consumption at UK level 
N use in the UK declined between 2000–2008 by 3% and P use declined by 6% over the 

same period (Eurostat, 2011). This meant that in 2008, the gross average N balance in the 

UK was 100 N kg ha-1 yr-1 of agricultural land and the average UK P balance was 9 kg P ha-

1 yr-1 of agricultural land (Eurostat, 2011). It is recognised that average inorganic fertiliser 

application in the UK is currently higher on tillage crops than it is for grassland crops (Defra, 

2015b). For all years between 1983–2014, ‘total nitrogen’ use is greater than potash (used 

to formulate K) and phosphate (see Figure 2-6). There has been an overall decline in the 

application of nitrogen, potash and phosphate by 27%, 42% and 55% respectively, with a 

decline in grassland application being largely responsible for the ‘total nitrogen’ decline 

(Figure 2-6).  

 

Figure 2-6: Overall inorganic fertiliser use (kg/ha) in Great Britain between 1983–2014, 
based on British Survey of Fertiliser Practice (BSFP) data. Taken from Defra (2015a). 

 Production, Use and Storage of Excreta at UK level 
Livestock produce excreta, of which Farm Yard Manure (FYM) and slurry can be collected 

and are important sources of nutrients for crops and grass (Shepherd & Chambers, 2007). 

Between 80 and 90 million tonnes of Farm Yard Manure (FYM) and slurry are estimated to 

be produced annually in the UK (Greaves et al., 1999; Bateman et  al., 2011). Manure and 

slurry from housed livestock can be stored and applied to arable crops and grassland at 

suitable times of the year, in line with crop requirements. This helps to minimise over-

application and dispersal of nutrients within the environment following heavy rainfall, for 
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example. Nearly £30 million has been spent on slurry storage in Scotland, mostly within 

NVZ areas (Scottish Government, 2014e), in order to meet legislation. Such storage aims to 

reduce loss of nutrients to the environment. Organic fertilisers provide an economically 

attractive approach to fertilise farming systems and improve soil productivity (Smith et al., 

1998). 

 
Manures contain high amounts of organic matter which help to bolster soil organic matter 

(SOM), particularly if used on a long-term basis. Field trials in the USA, Canada, England, 

Ireland and Denmark have also found more productive soils when manure is used more 

frequently than inorganic fertilisers (Edmeades, 2003; Owen et al., 2015). This subsequently 

helps improve soil water holding capacity, provides drought resistance, structural stability 

and promotes soil biological activity (Defra, 2010a). For example, 35 tonnes of fresh FYM 

per hectare, spread on agricultural land has been estimated to supply about 7–8 t of 

organic matter per hectare (Edmeades, 2003). It is worth noting that percentage of 

nutrients per tonne of excreta varies depending on the type of livestock producing the 

excreta, the diet of the livestock and excreta storage. At the same time, organic fertilisers 

such as manures in grassland systems are said to significantly increase the soil C:N ratio 

even with one application (Ryals et al., 2014). The C:N ratio is an important characteristic 

of the soil and it is this ratio which impacts soil microbial processes.  

 

As referenced in Chapter 1 the agricultural sector in the EU and UK is the largest contributor 

of N-based pollutants (Lillywhite & Rahn, 2005). It has been estimated that over 50% of 

nitrate in European surface waters is of agricultural origin (European Union, 2010) and most 

phosphate within such waters is also from agricultural sources. Agricultural run-off is a non-

point source of pollution that leads to eutrophication (nutrient enrichment). Where excess 

N and P exist in surplus in farming systems this opens the opportunity for nutrient leaching 

to freshwater, estuaries and coastal waters. These leached nutrients can initiate the 

eutrophication process, by increasing plant growth in water, which in turn increases the 

biological oxygen demand (BOD) of the plant life (Defra, 2009; Raffaelli, 2000). Eutrophic 

waters have the capacity to place pressure on the shellfish industry, produce poor quality 

bathing waters on beaches and poor quality drinking water (Raffaelli, 2000). High 

concentrations of nitrate in drinking water can lead to associated health complications such 
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as methemoglobinemia (Edwards & Withers, 1998). Consequently, the water industry is 

required to minimise high N concentrations in drinking water (Pretty et al., 2000). Potential 

links to cancer in humans have also referenced nitrate levels in water (Ward, 2009).  

Whilst there are challenges posed by the overapplication of inorganic fertiliser, there are 

specific challenges for farming systems using organic fertilisers. A key challenge is that soils 

receiving organic fertiliser (FYM and slurry) are more likely to leach nutrients than soils only 

receiving inorganic fertiliser (Edmeades, 2003). This tends to be due to FYM and slurry 

applications exceeding requirements (Beckwith et al., 1998). Organic fertilisers differ from 

inorganic fertiliser in that all the N within inorganic fertilisers is available, but not all N is 

available within FYM and slurry which may lead to farmers overcompensating and using 

high applications and poor application timing, which makes nutrients more vulnerable to 

leaching (Beckwith et al., 1998). Furthermore, the N:P ratio of nutrients used by crops is 

different from the N:P ratio that is typically present within manure, and so excessive 

nutrient accumulation can occur (Edmeades, 2003; Sims & Macguire, 2005; Smith et al., 

1998). Manure typically has a higher concentration of P than N (Bateman et al., 2011). This 

can result in over application of P to arable land (Withers et al., 2014). Excessive nutrient 

accumulation could be remedied by better considering the total nutrient application 

regardless of whether provided by an inorganic or organic source (ADHB, 2019b; SRUC, 

2013c). Manure and slurry are a valuable nutrient source (Chambers et al., 2001), but there 

has been reluctance to take advantage of manures and slurry as fertilisers, because of 

transport challenges and variability of the nutrient composition (Long et al., 2018). In some 

farming systems, FYM and slurry has been regarded as a convenient and cheap fertiliser 

option (Smith et al., 1998), but in other systems, manures and slurries are still regarded as 

a waste product (Bateman et al., 2011; Godfray et al., 2010). Nitrate concentrations are 

highest in pig manure and phosphorus concentrations are the highest in poultry manures 

(FAO, 2006).  

Whilst mobilised N and P leached from the agricultural system lead to eutrophication, 

different soil characteristics result in different leaching risks. For example, nitrate is highly 

soluble and poorly adsorbed to the soil, increasing the leaching risk. This is because N moves 

downwards as water moves through the soil (Cresser et al., 1993). P is typically retained to 

a greater level than its nitrate counterpart (Edwards & Withers, 1998) due to P adsorbing 

to the soil’s clay soil surfaces, organic matter, carbonates, and both Al and Fe oxides (Tóth 
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et al., 2014). However, 43 % of total P pollution in ground and surface water is believed to 

be attributable to agricultural sources (Pretty et al., 2000). Consequently P typically enters 

freshwater bound to soil particles (Mainstone et al., 2000). However, greater focus on P 

recycling in farming systems would help to reduce the nutrient surplus (Sharpley et al., 

2015). It is worth noting that it can be decades before nutrients are observed in surface 

waters, particularly where nutrients are contained in soil, rocks, or within the unsaturated 

zone (between soil and groundwater) (Wang et al., 2016). Such a time-lag is important to 

consider with analysis going forward. An assessment by the European Environment Agency 

(EEA) which has used a DPSIR (Drivers, Pressures, State, Impact, Responses) approach 

(European Environment Agency, 2016b) has assessed different indicators (see Figure 2-7). 

Many of these indicators which are linked to run-off and can cause subsequent 

eutrophication such as:  ‘nitrogen concentrations in rivers’, ‘nitrogen run-off’, ‘nitrogen 

balance’, ‘phosphorus load’, ‘nitrogen concentrations in groundwater’ and ‘phosphorus 

and nitrate concentrations in coastal waters’ show no improvement or worsening impact 

across the EU. Agriculture must play a role in mitigating its impact. 

 
Figure 2-7: Addressing eutrophication. Indicator, policy issue, DPSIR (Drivers, Pressures, 
State, Impact, Responses) and assessment showing that nitrogen run-off and nitrogen 
balance remain an area of concern. Phosphorus load is a moderate area of concern. 
Adapted from European Environment Agency (2016). 
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 Eutrophication in the UK 
In 2000, remediation of nitrate pollution in UK freshwaters was calculated to cost £16 

million annually (Pretty et al., 2000). This includes repairs to the water network to remove 

algae from blocked filters (Pretty et al., 2000). High bacterial growth in eutrophic waters 

(accelerated by high N and P) can change the taste of water (Pretty et al., 2000), 

jeopardising principles within the Water Framework Directive’s 

(2000/60/EC) commitments. Bathing and coastal waters are also affected by diffuse 

pollution, which enters the sea from polluted estuaries. Reducing N and P surpluses from 

farming systems could translate into savings for the water industry (Buckley & Carney, 

2013; Pretty et al., 2000). 

 Eutrophication in Scotland 
In Scotland, 80% of nitrate in Scottish freshwater is considered to be of agricultural origin 

(Scottish Government, 2014e), with variable risk across Scotland. The risk of groundwater 

pollution is also variable (Figure 2-8). The loss of nitrate from the system in the Lunan 

catchment (Eastern Scotland), over a six-year period, was positively related to arable 

production (Dunn et al. 2014). High nitrate groundwater levels have also been identified 

within the Ythan catchment hence why the area is an NVZ (See Chapter 1). Seventy percent 

of N that enters the sea in Scotland is in soluble form (nitrate, nitrite and ammonia); but 

< 60% of P that enters the sea is in the soluble form (Baxter et al., 2011). 
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Figure 2-8: Groundwater nitrate contamination risk in Scotland.  Adapted from Macaulay 
Land Use Research Institute (2001a). Data is derived from predictions of nitrate 
concentrations. 

 Making Better Use of Nutrients as Resources 
Finite resources such as potash or phosphate are used to formulate inorganic fertilisers 

(Öborn et  al., 2003; Cordell, et al., 2009; Amery & Schoumans, 2014; Schoumans  et al., 

2015), but this process is energy-intensive (Jones, 2013). Phosphorus is used in the form of 

phosphate (PO4
3−) and is supplied from phosphorus rock. It is estimated that supplies will 

likely only be available for the next ~50–100 years (Cordell et al., 2009). Furthermore, 

phosphorus is also obtained from only a limited number of sources across the world 

(outwith the UK) (Cordell et al., 2009) and this, combined with limited supplies, means that 

availability to phosphorus is volatile. Despite a decline of phosphate rock use in the 2000s, 

worldwide phosphate rock is used in greater quantities than manures (Figure 2-9).  

 



32 
 

 

Figure 2-9: Estimated use of inorganic and organic fertiliser phosphorus sources within 
agriculture worldwide between 1800–2000. Taken from Cordell et al. (2009). 

 Reducing Greenhouse Gas (GHG) emissions 
Reducing inorganic fertiliser use will have an impact on GHG emissions. Firstly, there are 

upstream (off-farm) GHG emissions from the synthesis of inorganic N, as well as from 

inorganic fertiliser transportation (European Union, 2019; Hay et al., 2000). The mining of 

phosphate and potash to produce inorganic fertilisers also emits GHGs (Hay et al., 2000). 

Aside from the upstream emissions, nutrients within farming systems make significant 

contributions to overall GHG emissions (Brouwer & Hellegers, 1996b; Langeveld et al., 

2007; Parris et al., 1998; Scottish Government, 2014b). Surplus nutrients on land increase 

the opportunity for this process to take place. In particular, N2O emissions also arise from 

the application of inorganic fertilisers and excreta (De Vries et al., 2011) as well as from the 

decomposition of crop residues (Baggs et al., 2003). N can be lost within N2O emissions 

either as direct emissions or indirect emissions (Reay et al., 2009). During the storage of 

FYM and slurry (excreta) mineralisation also results in the production of NH3, NH4
+ (FAO, 

2006) and also N2O (Ball et al., 2004). 
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 Regulations and non-regulatory drivers aimed at 
improving environmental outcomes 

Agriculture within the UK and the EU has been regarded as one of the most regulated 

sectors (Barnes et al., 2013; Shucksmith, 2005). Following 1945, agricultural legislation 

largely focused on food security and maximising yield and thus was input heavy (Ball, 2015). 

More recent legislation has focused on managing environmental impact, to improve 

environmental outcomes. During the early years of the EU’s CAP, yield still was the main 

priority and this measure was treated as an indication of whether farming systems were 

productive. In the EU, the CAP despite undergoing an array of reforms remains the main 

agricultural policy implicating member states. Since joining the EEC in 1973, UK agriculture 

at the farm level has been largely controlled, and economically dependent on the CAP, 

because farmers work to maximise subsidy payments. Following on from CAP reforms in 

2003, there has been greater focus on sustainability within agriculture. 

 European Directives: Legislation aimed at improving   
water quality 

2.6.6.1 Nitrates Directive 
The Nitrates Directive (91/676/EEC) was introduced by the European Union (EU) in 1991 to 

improve surface water and groundwater quality across the EU by reducing N compounds 

from agricultural sources (European Union, 2010). Under NVZ designation, the quantity of 

fertiliser application, storage and timing and spreading of fertiliser should be in accordance 

with the guidelines stated in the Nitrates Directive. Regulation, through the control of 

agricultural nitrate sources, was designed with the ultimate intention of reducing the loss 

of N to the environment (European Union, 2010). However, as N and P are typically applied 

together it was assumed that any change in N will influence P. The UK government 

responded to the directive by designating regional NVZs where groundwater or surface 

water concentrations are shown to consistently exceed 50 mg NO3 l-1 or to be likely to 

exceed 50 mg NO3 l-1 with a 95% confidence level (Annex I, A1, 91/676/EEC, 12 December 

1991) (Scottish Government, 2014e). Experimental data within NVZ areas in Scotland, 

showed that 25% of samples exceeded 50 mg-NO3 l-1, whereas outwith the NVZs only 5% 

exceeded this concentration (Ball et al., 2005). This appears to be consistent with recent 

assertions from the Scottish Government (Scottish Government, 2016d) where boundaries 

of NVZs have been revised in accordance to vulnerabilities.  



34 
 

By 1996, the Balmalcolm catchment in Fife, Scotland was designated a NVZ (Protection of 

Water Against Agricultural Nitrate Pollution (Scotland) Regulations, 1996), following public 

consultation (House of Commons, 1996). At this time, it was decided that that there was 

not enough evidence to designate the Ythan catchment in Aberdeenshire (House of 

Commons, 1996). A wealth of work in the early 1990s had showed the ecological impact of 

eutrophication in the Ythan River, Aberdeenshire, (Raffaelli et al., 1998; Raffaelli, 2000; 

Raffaelli et al., 1989, 1999) and the nutrient presence in the catchment (Domburg et al., 

1998, 2000; Edwards et al., 1998). This then led to the designation of the Ythan catchment, 

Aberdeenshire in 2000 followed by and other NVZ areas, under the Nitrate Vulnerable 

Zones (Scotland) Regulations (2000) (see Figure 2-10). A schematic representation of the 

NVZs that had been designated by 2002 and those designated in 2020 (Figure 2-10), shows 

that as of 2020, there are now five NVZ areas in Scotland.  There have been changes to 

Scottish legislature since the Ythan catchment was designated (UK Government, 2003, 

2008). 

      

Figure 2-10: (a) Scottish NVZs which had been designated by 2002. Adapted from 
Ball et al. (2005) and also (b) Scottish NVZs are currently designated in Scotland as of 
2020. Taken from UK Soil Observatory (2019). 

Specific legislative requirements to meet the Nitrates Directive include the following: 

· The Scottish Government specifically has designed a Nitrates Action Programme for 

designated NVZs within Scotland in response to the Nitrates Directive. 

(a) 
(b) 
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· The Nitrates Directive (91/676/EEC) specifically restricts the application of N, with 

170 kg N ha-1 yr-1 being the upper limit for manure application at farm level  (Amery 

& Schoumans, 2014; Brouwer et al., 1995; European Union, 2010). However, the 

Scottish Government was successful in gaining a derogation to allow manure limits 

up to a limit of 250 kg N ha-1 yr-1 for grassland (Scottish Government, 2015b). This 

only applies to farms where 80% of the farm is grass (see Chapter 5). 

· In Scotland, inorganic fertiliser use and organic manure application as well as, 

livestock and cropping patterns should be recorded on the farm (Macgregor & 

Warren, 2006, 2016). In 2000, the legislation in Scotland required records to be 

kept on farm for five years. From November 2014 onwards, records are only 

required to be kept for three years by the Scottish Government (Scottish 

Government, 2013c). 

· Legislative requirements on the storage of manure and slurry (Macgregor & 

Warren, 2006).  

· Timing of N application (Macgregor & Warren, 2006) with the inclusion of ‘closed 

periods’ (Macgregor & Warren, 2016). 

2.6.6.2 Water Framework Directive (WFD) 
The Water Framework Directive (WFD) (2000/60/EC) was introduced by the European 

Commission (EC) to focus on freshwater and aquatic water by encompassing other EC 

directives. An approach which was holistic and focused on the environment as a system 

was the motivation behind the introduction of the WFD. It is a framework directive that 

incorporates the: Nitrates Directive, Drinking Water Directive and Urban Wastewater 

Treatment Directive. The WFD provides a holistic approach for assessing water quality 

across catchments. The WFD required all waterbodies to be regarded as ‘good’ or ‘non-

deteriorating’ by a review in 2015. There have been challenges in implementing the WFD 

and the literature refers to a need to better understand the pressures on water quality 

(Voulvoulis et al., 2017). 

2.6.6.3 OSPAR Convention  
The OSPAR Commission carries out work under the guidelines of the OSPAR Convention 

(Convention for the Protection of the Marine Environment of the North-East Atlantic), a 

group of 15 North-East Atlantic countries (incl. UK). OSPAR has a eutrophication strategy 

(OSPAR Commission 2008). For the most part, the commission works using existing 
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European legislation to improve coastal waters, and has incorporated the Nitrates Directive 

within its mission (Van Eerdt & Fong, 1998). 

 Linking Nutrient Management and Climate Change 
Policy 

Whilst poor nutrient management has implications for water quality as well as climate 

change (amongst other implications) legislation has not always had a holistic outlook. 

Improving nutrient management helps to improve climate change outcomes. The Climate 

Change Act (2008) is UK legislation that commits the UK to reducing GHG emissions by 50% 

based on 1990 levels. Improving nutrient efficiency will play a key part (Committee on 

Climate Change, 2018). This offers the potential to reduce the burden from excess nitrous 

oxide emissions.  

 
Assessment tools can help to evaluate nutrient use and provide direction for nutrient 

management. Assessment methods have been used in the literature to assess nutrient use 

within farming systems. However, there is a challenge with assessment, because 

policymakers do not typically focus at the farm level. Yet the farm is the level at which 

nutrient management takes place. Assessment methods are designed with the end goal in 

mind—that is providing policymakers with enough information to evaluate a system. It is 

also important that any assessment of farming systems provides an insight for farmers—

afterall, farmers implement land management. Two common assessment tools for the 

agricultural sector are Life Cycle Assessment (LCA) and nutrient budgets (NBs) which are 

outlined below. The key difference between these assessment mechanisms are that life-

cycle assessment focuses on the impact of a specific agricultural good/product, whereas 

nutrient budgets focus on nutrient use across different farming systems.  

 Life Cycle Assessment 
When applied to farming systems, LCA typically uses nutrients as an indicator amongst a 

range of other indicators, but the assessment does not exclusively assess nutrient 

management. Williams et al. (2010) used LCA to assess arable farming systems in England 

and Wales, with particular reference to wheat, potatoes and oilseed rape, to make 

comparisons between systems using national datasets for LCA values. Brentrup et al. (2004) 

have explored LCA applied to arable production in Europe with Haas et al. (2000) using LCA 

to assess 18 grassland dairy farms at three farming intensity levels in Germany. Manure 
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was not considered in the study, the farm-gate was used as the boundary and emphasis 

was placed on the food that was consumed. LCA studies can extend beyond the farm-gate 

boundary, but to date such assessments seem to be focused at the farm level. 

Characteristically, LCAs incorporate energy and economic indicators in addition to nutrient 

indicators (Caffrey & Veal, 2013). Given the range of variables, there are several challenges 

for policymakers, including data complexity and difficulties in accessing data. The 

agricultural sector is complex and whilst LCA can assess systems on an individual basis, the 

range of farming systems, different management practices and complexities are a barrier 

to producing LCAs for farmer decision making purposes. As a result, LCA is rarely used by 

farmers in general farm management as it is not a suitable tool for farmer decision making, 

although these same data could be used for both assessment types. 

 Nutrient Budgets (NBs) 
In the 1980s, as awareness of the impacts of excess nutrients and nutrient mining of the 

soil increased, NBs became to be more commonly used (Langeveld, 1999). Ultimately NBs 

are a tool used to interpret the difference between nutrient input and nutrient output 

(offtake) (SAC, 1992) and thus indicate the nutrient balance of an agricultural system 

(Langeveld, 1999) whether positive (surplus) or negative (deficit). NBs are now an 

established indicator at the country scale for both the OCED (OCED, 2013) and the EC (Van 

Eerdt & Fong, 1998). However, whilst there is a framework, methodologies for NBs have 

not been updated for at least the last 100 years (Langeveld, 1999; Oenema et al., 2003). 

NBs are regarded as a useful tool to manage nutrients within farming systems (Watson et 

al., 2002). At the same time, NBs can also be used at the policy level as well as the farm 

level (Langeveld, 1999) to assess and ascertain where nutrient management strategies 

should be targeted (Cherry et al., 2012; Cherry et al., 2008; Korsaeth & Eltun, 2000a). Data 

used in the formulation of NBs can be readily collected and obtained at low cost (Langeveld, 

1999). As such, NBs can be constructed using different methodologies and variables, 

depending on the NB purpose (Watson & Atkinson, 1999), meaning that NBs are produced 

at a range of scales (Langeveld, 1999; Cherry et al., 2008) and different time periods 

(annually, monthly or daily) (Kitchen & Goulding, 2001; Langeveld, 1999). It is important to 

note that NBs are an indicator tool, and should not be considered ‘absolute’ (Macgregor & 

Warren, 2016). 

 
Traditionally, NBs tend to be N focused, reflecting the nature of N targeted legislation, but 
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can be used for other nutrients (Kitchen & Goulding, 2001). Nutrient budgets are not used 

as commonly in the UK as they are elsewhere in the EU (Watson et al., 2010). In the UK they 

are a requirement for farms within NVZ areas (as part of Nutrient Management Plans 

(NMPs)) (Macgregor & Warren, 2016). Furthermore, given the greater difficulty of 

managing nutrients on organic farms in areas where manure may be limited NBs are 

particularly beneficial (Goulding, Stockdale, et al., 2008). In the Netherlands, it is 

compulsory for farm-gate NBs for N, P and K to be produced for farms which exceed > 2.5 

livestock units per hectare (Kitchen & Goulding, 2001). In the USA, large livestock farms that 

discharge into freshwater produce NBs as part of NMPs, which focus on internal manure 

management within such farms (Koelsch, 2005).  

 
There are different types of NBs such as the farm-gate nutrient budget (FGNB), soil surface 

nutrient budget or soil system budgets (Figure 2-11) and the input and output data is 

different for each NB type (Figure 2-12). Often farm level data are readily available (Öborn 

et al., 2003) and this is a key methodological  difference between the FGNB  and soil surface 

or soil system budget  which consider soil interactions. Farm-gate nutrient budgets (FGNBs) 

do not consider internal transfers within the farm gate (Figure 2-11) but are regarded as 

the simplest, most reliable NBs to represent nutrient transfer within a farming system 

(Bassanino et al., 2007; Öborn et al., 2003; Oenema et al., 2003).



39 
 

 

Figure 2-11: Difference between the farm-gate budget (compartments representing 9 
variables as later shown in Figure 2-12), soil surface budget and soil system budget. Taken 
from Oenema et al. (2003) and adapted to include nine typical variables in a farm-gate 
budget referenced by Watson et al. (2010). 

Whilst there is some variation in the input variables used in a farm-gate NB, inputs typically 

reference feed, fertiliser (inorganic and organic) and outputs of crops or livestock sold 

(Kitchen & Goulding, 2001) (Figure 2-12), but some FGNBs also reference straw (bedding),  

compost (Kitchen & Goulding, 2001), atmospheric deposition (Watson et al., 2010) and N 

fixation as inputs. Soil surface budgets require a greater amount of detail concerning the 

transport and leaching of nutrients across the soil surface (Figure 2-12) and the fluxes of 

nutrients that occur (Öborn et al., 2003). Soil system balances provide an understanding of 

the behaviour of nutrients within a farming system (Öborn et al., 2003). However, given the 

detailed data needed to ascertain nutrient losses and determine management characteristics 

(Figure 2-12), soil system balances can be problematic. The nutrient surplus of all NBs can be 

influenced by cropping change, fertiliser application rates livestock stocking rates, availability 

of manure and land management techniques.  

Figure 2-12: NB inputs and outputs by methodology: a) farm-gate b) soil surface c) soil 
system. Taken from Cherry (2011) with the farm NB adapted using variables referenced in 
Watson et al. (2010). 

a) 

 
Atmospheric 
Deposition 
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Studies in the literature have used NBs to assess N at different scales and time-periods and 

in different farming systems (Table 2-2). Whilst P and K budgets are not as commonly 

produced, Table 2-3, shows some of these NBs are typically produced in combination with N.  
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Table 2-2: Studies using nutrient budgets to exclusively assess N in the literature. 
Nutrient 
Budget 

Study Purpose Level/Type Time-period 
(Year(s)) 

Sample 
Size 

Crops/Grass/Livestock Farming system/crop 
type 

Country Citation 

Farm-
gate (1) 

Focus on N surplus and 
water quality 

Farm and field 2004–2008 
(4 cropping 

seasons) 
 

34 farms Crops, grass and Livestock  England Cherry et al. (2012) 

Soil 
system 

Focus on N budgets to 
predict run-off 

Cropping 
Systems 

8 years 6 
cropping 
systems 

Crops and grass Conventional arable 
cropping, integrated 

arable-cropping, 
ecological arable 

cropping, conventional 
forage cropping, 
integrated forage 

cropping, and ecological 
forage cropping 

Norway Korsaeth & Eltun (2000) 

Farm-
gate & 
Soil 
surface 

Show nutrient flows to 
produce sustainability 

indicators 

Farm-gate 
(farm) 

Soil surface 
budget (crop) 

1 year (2005) 41 farms Livestock farms with crop 
NBs based on crops used in 

animal feeding 

Beef, dairy and pigs with 
crops used to feed 

Italy Bassanino et al. (2007) 

Farm-
gate 

nitrogen budgets and 
nutrient use efficiency 

changes post 
implementation of the 
EU Nitrates Directive in 

Ireland 

Farm 7-year period 
(2006–2012) 

150 farms Livestock Dairy Ireland Buckley (2016) 

Soil 
surface 

Relationship between N 
balances and N leaching 

from fields 

Field  2 fields Crops Arable (Barley, wheat, 
oats, fallow) 

Finland Salo & Turtola (2006) 

Modified 
farm-
gate(1) 

 Produce N 
budgets for UK 

to compare with 
water quality 

1 1 country Crops, Livestock  UK Lord et al. (2002) 

(1) Modified as the budget was applied to field or country scale instead of the farm 
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Table 2-3: Studies using nutrient budgets to assess N in combination with other nutrients. 
Nutrient(s) Nutrient 

Budget 
Type 

Study Purpose Level/Type Time-period 
(Year(s)) 

Sample Size Arable/Livestock Farming 
system/crop type 

Country Citation 

N & P Modified 
farm-gate 
budget(1) 

Assessment of nutrient surpluses over 
time 

Catchment 1960–1990 1 catchment Crops, Grass, 
Livestock 

No distinction 
made 

Scotland Domburg et 
al. (1998) 

Domburg et 
al. (2000) 

N & P Farm-gate Application of Best Management 
Practices (BMP) to different farms 

Farm Annual 33 farms Livestock Large scale 
livestock 

USA Koelsch 
(2005) 

N, P & K Farm-gate The model ‘Nitrogen Dynamics in Crop 
rotations in Ecological Agriculture 

(NDICEA)’ was used to produce N, P, K 
balances to assess the effect of crop 

rotation 

 

Field 
(trial sites) 

Various years 
within the trial 

period 

11 long term 
organic trial 

sites 

Arable and 
livestock 

Organic UK Smith et al. 
(2015) 

N & P  Assessment of crop and livestock 
production and nutrient use changes 

on global nutrient budgets 

Global 1970–2050 
(estimated) 

    Bouwman et 
al. (2009) 

N, P, K, S  Assess nutrient efficiency Farm 2 84 farms Livestock Dairy Australia Gourley et al. 
(2012) 

1) Modified as the boundary was the catchment scale
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 Tools which support nutrient management on farm 
PLANET (Planning Land Applications of Nutrients for Efficiency and the environment) is a tool 

that is used in Scotland which provides nutrient record keeping (Gibbons et al., 2005). It is 

particularly useful for nutrient management plans (NMPs) that are required within NVZ 

areas. The tool also enables nutrient planning and incorporates NBs as part of the calculation 

for NMPs. For agricultural land in Scotland, application rates are based on those provided by 

SAC/SRUC technical notes (PLANET nutrient management, n.d.). The tool can calculate farm-

gate nutrient balances for N, P and K. 

 Use of information ‘knowledge flows’ within farming 
systems 

This thesis also assesses farmers’ present use of information sources. Information sources 

available to farmers can provide a role in managing nutrient balances. Such sources provide 

information on a range of farming issues, including nutrient management. An understanding 

of the current use of information sources amongst the farming community is an important 

addition to both measuring nutrient use and management.  It has been found that farmers 

in NVZ areas are likely to rely on agricultural advisors more than other information sources 

(Barnes et al., 2007). However, other research on agricultural communities has found that 

the newsletter, social media and family members still remain key information sources within 

agricultural communities that are not necessarily located in an NVZ (Creaney et al., 2015) 

(Figure 2-13). Use of information sources, refer to the perceived value of the sources. Given 

that NVZ areas are regulated, perceived importance is likely to relate to sources that are 

deemed to help with regulatory matters (Greiner et al., 2009). At the same time, how farmers 

gain information is affected by their attitudes (Stetkiewicz et al., 2018). Ultimately, where 

farmers gain information will implicate nutrient management practices.  Given the role of the 

network in obtaining information, network analysis can be particularly useful.  
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Figure 2-13: Importance of different information sources for Scottish farmers involved in 
the monitor farm project. Taken from Creaney et al. (2015). 

 
A review of existing literature on the Ythan Catchment case study reported increasing nitrate 

river concentrations in the River Ythan between 1955 and 2000 (European Environment 

Agency, 2004). Research in between these years identified macro-algal mats as an eutrophic 

effect, caused by excess N in the Ythan catchment largely derived from agricultural sources 

(Hull et al., 1987; Raffaelli et al., 1989; Raffaelli et al., 1998; Raffaelli et al., 1999; Raffaelli 

2000). This research was key to providing evidence for NVZ designation for the Ythan 

catchment under the Nitrates Directive. Given these findings, Edwards et al. (2003) explored 

opportunities for a catchment action plan in advance of the NVZ designation. Prior to the 

introduction of the NVZ, it was determined that nitrate levels exceeded 50 mg l−1 in the 

tributaries, and that levels were continuing to increase in the main river (Edwards et al., 

2003). N losses increases proportionally with inorganic fertiliser use and the intensity of land 

use (Balls et al., 1995). One estimate in 1994, prior to NVZ designation, determined that 

fertilisers were responsible for ~60% of total N in the Ythan catchment (Edwards et al., 2003).  

At agricultural level for the years 1960–1990, overall agricultural N inputs in the Ythan 

catchment increased whilst overall agricultural P inputs declined (Domburg et al., 

1998, 2000). Since the Domburg et al. (1998; 2000) studies took place, Wiegand et al. (2010) 

has explored ecosystem health in the catchment but there has been no further assessment 
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in the literature concerning nutrient use in the catchment. Furthermore, few studies have 

assessed nutrient management in Scotland using a nutrient budgeting approach.   
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Chapter 3 Crop and Grass Nutrient Budgets 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-1: Graphical representation of the relationship Chapter 3 has with other chapters.  
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In response to nitrogen control legislation, NVZ areas have been established in the UK, one 

being the Ythan catchment, Aberdeenshire (see Chapters 1 and 2). It is known that inorganic 

fertiliser is a large input into agricultural systems (European Union, 2011), and so this chapter 

deliberately focuses on the role of inorganic fertilisers within the case-study area; the Ythan 

catchment (see Figure 3-1). This chapter is a secondary data approach, that compliments a 

primary data approach within Chapter 6.  

 
A key driver of inorganic fertiliser change in the Ythan catchment is likely to be the Nitrates 

Directive (1991) which restricted the use of inorganic N and stipulated N management within 

NVZ areas. Therefore, in order to assess the influence of NVZ designation, two periods of 

time; one before, and the other after NVZ implementation were chosen. Comparing these 

time periods provides scope to assess responsiveness to the Nitrates Directive, in a similar 

manner to the work of Velthof et al. (2010). Given that there are specifications (timing, type 

and amount) for N application within NVZ designated areas, it would be expected that N 

surpluses would decline after NVZ designation if farmers widely adhered to the regulations 

(Environmental Audit Committee, 2018). Whilst the legislation mostly considers N, there is 

an inbuilt assumption that P and K applications would decrease, if N were to decrease. This 

is because N, P and K inorganic fertilisers are typically applied in combination and so reducing 

inorganic N fertiliser application, will also reduce the application of P and K.  

 
In this thesis, the two time periods are defined as a pre-implementation period (1983–1999) 

and a post-implementation period (2004–2014). A four-year implementation period was 

selected (2000–2004), which incorporates; the year that the Ythan catchment was 

designated (2000) and the year, that the Nitrates Directive was expanded within Scottish law 

(2002). The implementation period was not assessed within the thesis, because it was 

thought that farmers would adapt management in response these policy announcements 

and NVZ requirements.  

As previously described, nutrient budgets (NBs) assess nutrient use (Chapters 1 and 2) are 

produced in this chapter to assess the nutrient balance. The NBs in this chapter are modelled 

on a similar approach taken for farm-gate nutrient budgets. Individual farms typically have a 
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periphery, termed the ‘farm-gate’, and it is through this gate that the farm receives nutrient 

inputs, and through which nutrients are transferred as offtake. Whilst a ‘gate’ is typically 

considered a physical feature associated with individual farms; the term ‘farm-gate’ has 

become synonymous to this periphery. The literature commonly refers to the ‘farm-gate’, 

even where a different scale to the farm is used. 

Prior to the implementation of Ythan catchment NVZ, NBs for N and P (difference between 

inputs and offtake) were produced for the Ythan catchment (Domburg et al., 1998; 

Domburg et al., 2000). NBs using the same approach have not been produced for the Ythan 

catchment since. Furthermore, these NBs only focused on two of the three macronutrients. 

As true as it was then, it remains too complex, impractical and expensive to survey every 

farm regularly, for the sole purpose of producing NBs. At the same time, the government still 

needs to assess nutrient use change over time, in order to ascertain the response to 

implementation frameworks such as NVZs. Agricultural data that has already been collected 

by the government can provide an opportunity to assess nutrient use, particularly during a 

time of government financial budget constraints. Yet, there would be methodological 

complications for NBs to be produced at catchment scale and as a result, NBs for crops and 

grass in this chapter have been scaled to the agricultural parish scale to minimise these 

challenges. For example, a key challenge is that existing agricultural government datasets do 

not typically report at the catchment scale, but land area data are reported at the agricultural 

parish scale. These NBs at agricultural parish scale are useful tools which reflect the influence 

from changing cropping patterns, yield and nutrient inputs.  

This chapter uses data that has been collected (and continues to be collected) by government 

in order to produce crop NBs which then help understand nutrient use in the Ythan 

catchment. The approach provides a new level of detail to help understand the 

methodological implications of producing NBs at crop level, and to help explore the nutrient 

balance at crop level, which can be beneficial for policymakers. Presently, there is some 

discussion about how government can best report British Survey of Fertiliser Practice (BSFP) 

data, taking into account the differences between NVZ and non-NVZ areas (Fernall, 2015)—

differences which are not currently reported.  

The work presented in this chapter therefore aims to explore the influence of the NVZ by 

using existing regional and national data to calculate N, P and K NBs. The NBs within this 

chapter use inorganic fertiliser as the main input, at the crop scale (CGNBs) and at the 
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agricultural parish scale (APNBs) for both the pre and post-implementation periods. To do 

this, calculations were firstly made, at crop level to form the CGNBs, and then these CGNBs 

were aggregated to the agricultural parish level to formulate APNBs. Such calculations result 

in ‘nutrient balances’ that are either in ‘surplus’ or ‘deficit’ (see Chapter 2). As the terms 

‘nutrient balances’ and ‘nutrient budgets’ are used interchangeably within the literature, it 

is important to confirm that the ‘nutrient balance’ is the calculation in this thesis, with the 

methodology/tool used to produce the ‘nutrient balance’ termed the ‘nutrient budget’. Crop 

area proportions have changed over the pre and post-implementation periods and thus it is 

useful to ascertain whether the area devoted to a crop, yield or fertiliser application has had 

the most influence on NB changes. Following production of the CGNBs for N, the IPCC 

methodology (2006) was used to partition the crop and grass nutrient balances into leaching 

losses, volatilisation losses and nitrous oxide (N2O) emissions. These were partitioned for 

CGNBs within the pre and post-implementation periods. The partitioning of these N budgets 

helps to guide the understanding of emissions within NVZ areas. The work in this chapter will 

complement Chapters 4 and 5 which further explore nutrient budgeting (see Figure 3-1). 

Chapter 6 is important to help assess farm nutrient management later in the thesis, through 

the use of a survey. Thus, it will complement Chapter 3 is, to assess how a survey approach 

compares. 
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A visualisation of the general methodological process is shown in Figure 3-2.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-2: Outline of methodological steps used to produce CGNBs and APNBs with 
inorganic fertiliser as the only fertiliser input. 
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Crop and Grass Nutrient Budgets (CGNBs) 
For the pre-implementation period, 1983–1999 and the post-implementation period, 2004–

2014, CGNBs for N, P and K were assessed on a kg T ha-1 yr-1 basis for all the main crops and 

grass selected (as described in 3.2.2).  Where T represents either nitrogen (N), phosphorus 

(P) or potassium (K). CGNBs (kg T ha1 yr1) were calculated as nutrient input, I (kg T ha1 yr1) 

less nutrient offtake, O (kg T ha1 yr1), see Equation 3-1 and Figure 3-2.  

𝑪𝑮𝑵𝑩𝑻 = 𝑰𝑻 − 𝑶𝑻                                                                                                    (Equation 3-1) 
Nutrient inputs are represented by 𝑰𝑻, which refers to: inorganic fertiliser rates, atmospheric 

deposition rates and content of seed (proportion of dry matter based on the typical seed 

rate). N fixation rates by white clover within grass/clover swards were also included as an 

input to NBs. Nutrient offtake is represented by OT, which for crops refers to the crop and 

straw removed during crop harvest and for grass, it refers to the amount of grass that is 

produced (grazing or silage). Using the IPCC (2006) methodology the CGNBT was partitioned 

to help provide an estimate of direct N2O losses, leaching, volatilisation and the change in 

the soil pool. 

Partitioning nutrient budget: Direct N2O emissions 
For both the pre-implementation and post-implementation periods, direct N2O emissions 

were calculated at the crop level as a proportion of the nutrient balance using the framework 

as outlined in IPCC guidelines. The equation in its simplest form, is as outlined in Equation 3-2 

as adapted from (IPCC, 2006) with reference to inorganic fertiliser application only. Where 

FN represents annual inorganic N fertiliser (kg N ha-1 yr-1), FCR, refers to the N within below and 

above-ground ground residues (explored in further detail within section 3.2.8). EF1 refers to 

the default emissions factor from the IPCC (2006) that estimates likely N2O emissions factor 

for the associated input. Inorganic N fertiliser rates (kg N ha-1 yr-1) for all crops and grass were 

used directly from the Survey of Fertiliser Practice in Scotland (SFPS) and by the British Survey 

of Fertiliser Practice (BSFP) datasets—as they were used in CGNBs and APNBs. In accordance 

with IPCC (2006), N in crop or grass below ground residues was calculated. Dry matter yield 

and above ground crop residues were determined in the NB calculations. The approach used 

the IPCC Tier 2 approach where local values were available. Changes in soil C and the 

association N losses were not calculated as Lilly & Chapman (2015) found no significant 

difference in the change of carbon stocks (to 1 m in depth) over a 25 year period for crops or 

grass across a range of sites in Scotland.  
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                         𝑵𝟐𝑶 − 𝑵 (𝒉𝒂) = (𝑭𝑵 + 𝑭𝑪𝑹 ) • 𝑬𝑭𝟏             (Equation 3-2) 

 
Partitioning the nutrient budget: volatilisation 
The indirect N2O—N emissions of the nutrient balances were calculated for volatilisation as 

shown here in Equation 3-3. The fraction of synthetic fertiliser (FN) that volatilises (NOx–N 

volatilised minus redeposition) is determined in this case by the default partitioning factor of 

0.1 as outlined within Table 11.3 from the IPCC Guidelines (IPCC, 2006). Given the range of 

years this was applied to (including pre-1990), default values were used. It should be noted 

that the IPCC recognises that partitioning factor has a range of 0.03–0.3 (IPCC, 2006). 

                       𝑵𝑯𝟑 − 𝑵 (𝒉𝒂) = 𝐅𝐍• 𝟎. 𝟏                                                    (Equation 3-3) 
 
 

To determine the proportion of volatilised NH3–N that is lost as N2O–N, Equation 3-4 was 

used. EF4 was treated as being the IPCC (2006), default value, 0.010, given that a specific 

value for the Ythan catchment area was not known. Again, default values were used given 

that there is a 31 year period under assessment; containing years before emissions research 

had become more pronounced. Given that the default value accounts for a variety of areas, 

the IPCC estimates the range of uncertainty to be 0.002–0.05 for EF4 (IPCC, 2006). 

𝑵𝟐𝑶 − 𝑵 (𝒉𝒂) =  𝑵𝑯𝟑 − 𝐍 • 𝑬𝑭𝟒                                 (Equation 3-4) 
 

Partitioning the nutrient budget: leaching 
NO3—N refers to the N that is leached from agricultural systems. Equation 3-5 shows the 

IPCC calculation used to determine the fraction of N that is leached. FN refers to the inorganic 

fertiliser application that is applied to the system. A portion of this contributes to leaching 

and run-off. Where FCR refers to crop residue above and below ground and INLF the nitrogen 

leaching fraction, which was determined to be 0.30 in accordance with IPCC (2006) from their 

Table 11.3. 

𝑵𝑶𝟑 − 𝑵(𝒉𝒂) = (𝐅𝐍 +𝐅𝑪𝑹) • 𝐈𝐍𝐋𝐅                                    (Equation 3-5) 
 

Calculation of crop residues were determined from typical above ground residues (from 

crops not removed) and the below-ground residues determined from (IPCC, 2006).  

 
To determine the proportion of leached NO3-N that is lost to N2O–N, Equation 3-6 was used. 

Where EF5 represents the emission factor for leached N and has the default IPCC value of 

0.0075 with an uncertainty range of 0.0005–0.025 (IPCC, 2006). This default value was 
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selected from Table 11.3 of the IPCC (2006). The default value was selected for the same 

reasons as outlined above.  

            𝑵𝟐𝑶 − 𝑵 (𝒉𝒂) = 𝑵𝑶𝟑 − 𝑵 • 𝐄𝐅5                                             (Equation 3-6) 
 
Agricultural Parish Nutrient Budgets (APNBs) for parishes within the 
Ythan catchment 

The CGNBs for both the pre-implementation and post-implementation periods were then 

aggregated to the agricultural parish scale for N, P and K using the following approach as 

outlined in Equation 3-7. Data on the area of land within each agricultural parish was 

obtained from JAC data. Area data was necessary so that APNBs could be expressed on a per 

hectare basis. For each of the three macronutrients, N, P and K (kg T ha-1 yr -1), the 

methodological approach identifies the change in the nutrient balance (inputs–offtake). Ap 

represents the total crop/grass area of the agricultural parish and nc represents the number 

of crops.  

 
                                                                              APNB =(∑  (𝑪𝑮𝑵𝑩

𝒊
/𝑨𝒑)𝒏𝒄

𝒊=𝟏 )                                  (Equation 3-7) 

                   

Such APNBs (kg T ha1 yr1) are analogous to farm gate nutrient balances (FGNBs) with the main 

difference being that the APNB boundary is the agricultural parish and not the farm.  

 Setting up the CGNBs and APNBs 
 
Selection of implementation period 
In this thesis, a four-year implementation period was treated as the typical time period for 

farmers to become accustomed to new nutrient requirements and adjust management 

accordingly (Murphy et al., 2015).  

 Approach used to select agricultural parishes 
It was not possible to assess the Ythan NVZ at catchment level as June Agricultural Census 

(JAC) data is not published at this level. The Ythan catchment lies in the Moray, 

Aberdeenshire, Banff and Buchan Nitrate Vulnerable Zone (NVZ) (see Chapters 1 and 2); a 

boundary that was designated independently from agricultural parish boundaries. In this 

sense, agricultural parishes imbricate the Ythan catchment boundary. Some of these 

agricultural parishes lie fully within the catchment, whereas for other agricultural parishes 

only part of the area lies within the hydrological catchment. Despite this, elsewhere the 

‘agricultural parish’ is used for boundary purposes and is a statistical unit used by the Scottish 
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Government. NBs were therefore calculated at the ‘agricultural parish’ so as to be of value 

to policymakers. The boundaries of the agricultural parishes have remained consistent over 

the study period (1983–2014). In total, 22 agricultural parishes lie partially or fully within the 

catchment boundary. Agricultural parishes were selected for this thesis on the basis that 50% 

or more of the agricultural parish needed to lie in the catchment. This resulted in 11 parishes 

selected for the calculation of APNBs. In alphabetical order they are: Aucterless, Ellon, 

Foveran, Fyvie, Logie Buchan, Meldrum, Methlick, New Deer, Slains, Tarves and Udny (Figure 

3-3). These are referred to collectively as the ‘Ythan catchment’ throughout the remainder 

of this thesis, thus reflecting that such agricultural parishes incorporate most of the 

hydrological catchment. 

 

 

Figure 3-3: Agricultural parishes within the Ythan catchment. Adapted from map provided 
with the kind permission of A.C Edwards. 

 Agricultural parish crop and grass data 
The JAC dataset (Scottish Government, 1984–2000 and 2005–2015), which reports the crops 

that are in the ground in June of each year, was used to identify the crop and grass categories 

used in CGNBs. Crops were selected on the basis that they have constituted at least 15% of 

the arable and grass land area in the Ythan catchment, at any point, during the 

pre-implementation period or the post-implementation period. For the purposes of CGNBs 
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and APNBs, crop and grass groupings were organised as follows: grass < 5 years old, grass ≥ 

5 years old, spring barley, winter barley, spring wheat, winter wheat, spring oats, winter oats, 

spring oilseed rape, winter oilseed rape, swedes and turnips, and mainware potatoes.  

 
It is mandatory for all holding owners to complete the JAC under Agriculture Act 1947 

(Scottish Government, 2018b) but despite this legislation, not all holdings return the JAC 

census form (Scottish Government, 2014c). Over the course of the study period, the 

methodology used by the Scottish Government to produce the JAC has changed (Scottish 

Government, 2014c). For example, between 1983 to 2013 all major holdings were sent the 

agricultural census form alongside only a sample of minor holdings (Scottish 

Government 2014a). In 2014, key methodological changes resulted in a more comprehensive 

JAC, whereby minor holdings in the sample increased. This change in methodological 

approach only affects the last year of the post-implementation period (2014). To obtain the 

JAC data at the parish level a direct request (see Appendix A) was placed to RESAS (personal 

communication, Paul Gavin, Scottish Government, July 2016), in order to conform with the 

Agriculture (Scotland) Act 1947, section 78 (as amended). RESAS uses a methodology to 

prevent the release of data where the sample size is small as this is deemed too sensitive to 

be in the public domain by preventing ‘disclosure by inference’ (Scottish Government 2010). 

Thus, where there are fewer than five holdings in one agricultural parish that grow a crop or 

grass type, or where two holdings or fewer account for 85% of the area, these data are not 

released by RESAS (Scottish Government, 2010d). These crop and grass categories 

represented in the raw JAC data set are shown in Table 3-1. It will be noted from this table 

that some cropping area has been amalgamated. In order to separate the cropping area data 

for example into spring and winter crops, the following approaches described below were 

used. 

 
Winter wheat and spring wheat 
The JAC provides the hectarage of ‘wheat’ for all years, but the proportion of winter wheat 

(WW) or spring wheat (SW) is not always identified. Given the lack of data provided by the 

JAC in this regard, it was assumed that where ‘wheat’ was listed, 94% of the area was ‘WW’ 

and 6% ‘SW’ based on Scotland-wide proportions (Monie et al. 2017). 

 
Spring oats and winter oats 
Between 1983 and 1994 inclusive, the JAC only refers to ‘total oats’ being grown. After 1995, 

a distinction of the area devoted to spring oats (SO) winter oats (WO) is made. For these 
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years, the proportion of SO and WO, was treated as the mean of the SO and WO proportion 

in the 4 years following this period (1995–1998). 

 

Spring Barley and Winter Barley 
From 1984, yields are reported collectively as ‘barley’ and thus it was important to consider 

the yield of spring barley and winter barley separately, particularly as fertiliser application 

differs depending on crop type. Thus it was known that for spring barley to be accepted by 

maltsters for use in distilling, the grain needs to be of a low N variety (1.5–1.65%) (Maltsters 

Association of Great Britain 2011; Webster 2017). Low N malting spring barley varieties are 

believed to typically form 58% of all spring barley grown (HGCA, 2001). Despite this intention, 

it is known that not all barley grain will be purchased by maltsters. The remainder of the yield 

was regarded as being used predominantly for animal feed, human consumption or seed and 

thus grain N offtake was determined using standard N grain values for grain with this end-

use (Ewing, 1997). 

 
In accordance with HGCA (2001), and also personal communication with Dr. Steve Hoad from 

SRUC, Edinburgh, 7% of winter barley is typically regarded as being destined for maltsters for 

use by brewers and not distillers. In accordance with the Maltsters Association of Great 

Britain (2011), the proportion of winter barley accepted by maltsters was assumed to have 

typically N content in the range of 1.70–1.85%. 
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Legend 

  

         

 

Table 3-1: Crop area available for selected agricultural parishes(1). 

(1) Based on data from June Agricultural Census (JAC) responses (Scottish Government, 2016). 
(2) Categories as listed in the June Agricultural Census (JAC). 
(3) Typical proportions of the area were applied to the total oats area. 

(4) Turnips and swedes used for stockfeeding is the category recorded in the JAC. Category does not include stubble turnips (Watson et al., 2013). 
Stubble turnips are most likely to be grown after the JAC returns are submitted (Limagrain UK Limited, 2013). 

 Year 
 Pre-implementation Period Implementation 

Period 
Post-implementation Period 

Crop Categories (2) 1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

1999 

2000 

2001 

2002 

2003 

2004 

2005 

2006 

2007 

2008 

2009 

2010 

2011 

2012 

2013 

2014 

Wheat                                 

Spring wheat (SW)                                 

Winter wheat (WW)                                 

Spring barley (SB)                                 

Winter barley (WB)                                 

Spring oats (SO)                                 

Winter oats (WO)                 

 

                
Total oats(3)                                 

Oilseed rape                                 

Spring oilseed rape (SOSR)                                 

Winter oilseed rape (WOSR)                                 

Turnips and swedes for 
stockfeeding(4) 

                                

Maincrop Ware                                 

Grass < 5 years old                                 

Grass ≥ 5 years or over                                 

Data available for some 
agricultural parishes 

No Data for all 
agricultural parishes 

Data available for all 
agricultural parishes   
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 Inputs used in CGNB and APNB calculations for arable 
land and grass 

 
Average inorganic nitrogen, phosphorus and potassium fertiliser 
application rates 
The annual surveys of fertiliser practice (Wray 2017), formerly the ‘Survey of Fertiliser 

Practice in Scotland’ (SFPS) and latterly the ‘British Survey of Fertiliser Practice’ (BSFP) was 

the source of the average inorganic fertiliser application rates used in the CGNBs and APNBs. 

The surveys, which are produced and used by government, are considered to be a good 

indicator of inorganic fertiliser applied, in any given year (Defra, 2016). The SFPS was used 

for the period 1983–1991, inclusive obtained from The Scottish Office (1984, 1985, 1986, 

1987, 1988, 1989, 1990, 1991, 1992). For the years 1992–2014, inclusive (excluding 

implementation period), average inorganic fertiliser application rates in Scotland were 

obtained from the BSFP, and whilst the survey name remained the same, the bodies 

producing and publishing the report changed throughout the years. Thus BSFP data for the 

years 1992––1999 was obtained from MAFF et al. (1993, 1994, 1995, 1996, 1997, 1998, 1999, 

2000), for the year 2000 from Defra et al. (2001), the years 2001–2003 from Defra & Scottish 

Executive (2002, 2003, 2004) and for 2004–2014, from Defra (2005, 2006, 2007, 2008, 2009, 

2010, 2011, 2012, 2013, 2014, 2015). Values for inorganic N were adopted from the 

respective SFPS and BSFP whereas, P2O5 and K2O average application rates were converted 

to P and K, based on the atomic weights of the compounds. For some crops and in some 

years, average fertiliser application rates were not available directly from the SFPS or BSFP 

at Scotland scale, and so the approaches as selected are described below and indicated 

within Table 3-2 and Table 3-3, were followed. Appendix A shows the original categorisation 

of data in the original datasets, as well as the availability of inorganic fertiliser application 

data at different scales. 

 
Spring wheat 
Average fertiliser application rates at Scotland and GB scale were not available within the 

SFPS for 1983, 1985, 1986, 1987 and 1989. A fertiliser application rate was available for 1984, 

but the rate was only based on a sample size of one field in Scotland. As a result of these data 

challenges, fertiliser application rates were determined using the median average for: 1984, 

1988, 1990 and 1991 (see Table 3-2). 
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Spring barley and winter barley 
Average fertiliser application rates are stated for the entirety of the spring barley crop within 

the SFPS and BSFP (see Table 3-2). However, consideration was given to spring barley having 

different end-uses, which tends to influence N fertiliser application (see Chapter 2). Spring 

barley destined for maltsters will receive less N than that intended for animal feed or 

alternative uses (HGCA, 2001). Despite this, inorganic fertiliser application rates that 

differentiate between low N malting barley and barley for other uses are not published within 

the SFPS/BSFP. Using SAC/SRUC recommended rates, the application rates for low N malting 

spring barley were typically 22% lower than for spring barley grown for other uses. The 

SAC/SRUC recommended rates also showed that winter barley used in the brewing sector 

typically receives N application rates which are 10% higher. Typical values for the proportion 

of the crop grown as spring barley and winter barley (discussed as a crop yield consideration 

in section (3.3.4) were used to weight the inorganic fertiliser proportions. Average 

application rates for P and K for spring barley were believed to be the same regardless of use, 

based on SFMH advisory notes, and thus P and K were directly adopted from the SFPS/BSFP 

and applied to the entirety of the spring barley crop. 

Oilseed rape 
The SFPS and BSFP did not report average inorganic fertiliser application rates for spring 

oilseed rape (SOSR) and winter oilseed rape (WOSR) until 1997 (see Table 3-2). Prior to this, 

SOSR and WOSR average fertiliser application rates are grouped together collectively as 

‘oilseed rape’ within SFPS/BSFP datasets. It was therefore necessary to distinguish between 

inorganic fertiliser application for SOSR and WOSR, in order to make sure that these datasets 

could relate to other datasets in the best possible way. To distinguish between these crops 

for the years; 1983–1996, the mean average of the SOSR and WOSR application rates as 

stated in the SFMH (SAC Farm Management Handbook) was determined. Based on these 

values, N applications were treated as being 50% lower for SOSR than the average and 50% 

higher than the average for WOSR. P was 37.50% lower for SOSR than the average and 27% 

higher for WOSR than the average. For K, SOSR is 36% lower than the average and WOSR is 

27% higher than the average.  

Oats 
In a similar fashion, producing NBs for the spring and winter oat crops involves consideration 

of fertiliser application data-as inorganic fertiliser application as ‘oats’ is only available for 

some years. In order to establish the likely standard differences in fertiliser application, 

between spring and winter crops, reference was made to the SFMH. For N, it was shown that 

spring oats receive 20% less N than the average and winter oats receive 17% more N. Average 
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application rates for P and K were shown as being the same, regardless of whether it is a 

spring or winter crop. For 1983 and 1991, the SFPS did not show average fertiliser application 

rates for winter oats within the SFPS. Thus, fertiliser applications rates for 1983 were 

obtained by taking a median of the following years; 1984–1987. For 1991, the median of the 

4 year period: 1989, 1991, 1992 and 1993 was determined.  

 
Swedes and turnips 
Governmental bodies as well as SRUC refer to swedes and turnips in a collective group and 

not as separate crops. This is no different for the SFPS and BSFP datasets. Fertiliser advisory 

notes in the SFMH for N, P and K for turnips are alike swedes and as such collective fertiliser 

application rates from the SFPS and BSFP were used in the nutrient budgets. Over the pre 

and post-implementation periods, average fertiliser application rates for swedes and turnips 

have been represented within different categories in the SFPS and BSFP themselves 

(see Table 3-3). For some of these years, fodder beet was amalgamated into the same 

category as swedes/turnips. This amalgamation exemplifies that the land area used to grow 

fodder beet is very low (JAC data). The effect of not separating crops for this analysis was 

considered minimal. This is because recommended inorganic fertiliser application rates 

(SAC/SRUC data) for fodder beet are typical of application rates for swedes/turnips. 

Furthermore, fodder beet is used in a similar way to swedes/turnips i.e. fodder. As a result, 

where fodder beet was referenced in a category with swedes/turnips, it was not excluded. 

 
Potatoes 

Multiple potato categories are referenced within the JAC data. However, this chapter only 

considered mainware potatoes and thus inorganic fertiliser application rates were only 

considered where relevant to the ‘mainware potato’ category. Early potatoes and seeding 

potatoes were not considered. Where SFPS/BSFP data was available at Scotland level, these 

figures were used, alternatively GB level data was used when this was omitted from the 

SFPS/BSFP (Table 3-3). 
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Legend 

  

         

 

Table 3-2: Source of average inorganic fertiliser application rates used in CGNBs and APNBs for cereals and oilseed rape for the years 1983–2014 
(kg ha-1yr-1) (1). 

Notes 
(1) Based on data from the Survey of Fertiliser Practice (Scotland) between 1983–1991 (MAFF 1984–1992) and British Survey of Fertiliser Practice (BSFP) between 1992-2014 (Defra 1993–2015). Median also 
used for 1984 as Spring Wheat fertiliser application rate recorded in survey is based on one field only. Scotland only started conducting a survey on fertiliser application from 1983 (A Wray, 2017). 
(2) Data only available for between 1983 and 1991, inclusive from the Survey of Fertiliser Practice (Scotland) and from 1992–2014 (inclusive) from the BSFP. 
(3) Categories as listed in the Survey of Fertiliser Practice (Scotland) or BSFP. 
(4) GB Scale Data based on ‘All Oats’. 
(5) Between 1992 and 2014 fertiliser data is only available for ‘Total Oats’ and thus the proportion of fertiliser attributed to each crop has been determined. 
(6) No fertiliser application rates were available for 1983 for oilseed rape. Given land area used to grow rapeseed is minimal in 1983, nutrient budgets were not calculated for this crop in this year. 
(7) For 2014, GB data was available for spring oilseed rape for N only. The median of the four preceding years was taken for P and K and thus assumed to be representative. Four years was chosen as any 
longer than this, the fertiliser application value risks.

 Year (2) 
 Pre-implementation period Implementation 

Period 
Post-implementation period 

Crop Categories (3) 1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

1999 

2000 

2001 

2002 

2003 

2004 

2005 

2006 

2007 

2008 

2009 

2010 

2011 

2012 

2013 

2014 

Spring Wheat                                 

Winter Wheat                                 

Spring Barley                                 

Winter Barley                                 

Spring Oats(4)(5)                                 

Winter Oats(4)(5)                                 

Oilseed Rape(6)                                 

Spring Oilseed Rape(6)(7)                                 

Winter Oilseed Rape(6)                                 

No Data GB Level Data   Scotland Level 
Data 

 

 

Median of Scotland 
Level Data 
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Table 3-3: Source of average inorganic fertiliser application rates used in CGNBs and APNBs for rootcrops (swedes and turnips, potatoes) for the 
years 1983–2014 (kg ha-1yr-1)(1). 
 

 Year (2) 
 Pre-implementation period Implementation 

Period 
Post-implementation period 

Crop Categories(3) 1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

1999 

2000 

2001 

2002 

2003 

2004 

2005 

2006 

2007 

2008 

2009 

2010 

2011 

2012 

2013 

2014 

Turnips and Swedes(4) (5) 

(6) 
                                

Maincrop Ware                                 

Notes: 
(1) Based on data from the Survey of Fertiliser Practice (Scotland) between 1983–1991 (MAFF 1984–1992) and British Survey of Fertiliser Practice (BSFP) between 1992–2014 (Defra 1993–2015). See 
Appendix A for full dataset. 
(2) Data only available for between 1983–1991 (inclusive) from the Survey of Fertiliser Practice (Scotland) and from 1992–2014 (inclusive) from the BSFP. 
(3) Categories as listed in the Survey of Fertiliser Practice (Scotland) or BSFP. 
(4) For the years 1994, 1995 and 1996, Scotland data from the category ‘Turnips (stock)’ within the BSFP were adopted in the methodology. 
(5) For the years 1997–2006, Scotland data from the category ‘Rootcrops for Stockfeed’ within the BSFP were adopted in the methodology. 
(6) For the years 2007–2014, GB scale data from the category ‘Rootcrops for stockfeed’ within the BSFP were adopted in the methodology. 
 
 
 
 
 
 
 
 
 
 
 
 

GB Level Data   No publication   No Data Scotland Level 
Data 



63 
 

Atmospheric N, P and K deposition 
Atmospheric deposition is an input into farming systems, over which the farmer has no 

control. Methodologies used to calculate deposition have been subject to change over the 

1983–2014 period (Fowler et al., 2004). Following Scholefield et al. (1991) and Watson et al. 

(2010) annual atmospheric N deposition was treated as 15 kg N ha-1 yr-1 between 1983 and 

2003, inclusive. For 2004–2014, inclusive, grid average value data (5 km2) based on annual 

total N deposition are available from the UK Eutrophying and Acidifying Pollutants network 

(UKEAP) (CEH, 2014) and were used to determine annual N deposition rates. Grid average 

value data were obtained from a UKEAP monitoring site located in the Ythan catchment 

(eastings of 387500 and northings of 847500) which also lies specifically within one of the 

selected agricultural parishes. Total N deposition for this location for the years 2004–2014 

ranged between 11.15 and 22.85 kg N ha-1 yr-1. The mean average of total N deposition using 

the grid reference data, was determined to be 14.43 kg N ha-1yr-1 with a standard deviation 

of 3.427 (See Appendix B for yearly values). Atmospheric P deposition rates between 1983 

and 2009 were based on north east Scotland values, measured in the Aberdeenshire village 

of Woodside, as determined by Goulding et al. (2008) to be 0.02 kg P ha-1 yr-1. After 2010, P 

deposition was treated as 0.01 kg P ha-1 yr-1 (Watson  et al. 2010). For K deposition, values 

were sought from Fortune et al. (1999) and also from north east Scotland values within 

Watson et al. (2010), resulting in K deposition being treated as 2.49 kg K ha-1 yr-1. This was 

used as an input for all years within the pre and post-implementation periods. Transfer of 

atmospheric N, P or K between agricultural systems was not considered. 

 
Seeding rate, seed dry matter and nutrient content of seed 
Nutrient budgets in the literature use seeding rate, seed dry matter and nutrient content of 

seed, to help determine system inputs (see Chapter 2). Seeding rate is defined as the 

optimum amount of seed to be sown economically within a given area (Theobald et al. 2006). 

Table 3-4 shows standard annual seeding rates (kg ha-1 yr-1), seed dry matter (%), and seed 

nutrients (kg T ha-1 yr-1) that were used to form CGNBs and APNBs for each crop. Seeding 

rates, seed dry matter and nutrient content (N, P and K) were the same between the 

pre-implementation period and the post-implementation period. Seeding rates for ware 

potatoes were based on the Maris Piper potato variety (See Chapter 2 for further details on 

Maris Piper). Most of the grass seed mix was assumed to consist of perennial ryegrass (Lolium 

perenne L.) in line with Genever et al. (2017) (see Chapter 2), with 20% of the seed mix being 
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white clover (Trifolium repens L.). Seed dry matter and nutrient content are shown in Table 

3-4.  

 
Reseeding grass and clover  
Grass and grass-clover swards, unlike other crops, are not an annual crop and thus typically 

grass is not reseeded every year. The literature tells us that most farmers rely on standard 

mixes for reseeding (Genever et al., 2017), all of which are purchased directly from seed 

suppliers. Reseeding was based on the standard mix outlined in Table 3-4. Perennial ryegrass 

(Lolium Perenne L.) formed the largest percentage of grass mixes seeded in the UK 

(Genever et al., 2017) and so was considered to the only grass type in the mix. Red clover is 

not as predominant (Genever et al., 2017) and therefore was not considered in this thesis. 

There are no regular government surveys which report on reseeding in Scotland, but a recent 

one-off survey has identified that whilst the number of years between reseeding varies 

between farming systems, an average reseeding rate of every eight years is considered 

realistic for grass receiving fertiliser (Genever et al., 2017). Temporary grass is classified 

within the JAC as ‘grass < 5 years’, and this is a grass category within which reseeding is 

assumed to take place, some of which will be receiving fertiliser. In line with 

Watson et al. (2013), the JAC category ‘grass < 5 years’ that does not receive fertiliser was 

believed to be reseeded every 4 years and therefore has a high clover content (see Nitrogen 

Fixation section for implications). It was assumed that grass receiving fertiliser was reseeded 

every 8 years and therefore is only re-seeded in the ‘grass ≥ 5 years’ category on the fourth 

year in this category (because grass is moving between the JAC categories). More detail is 

shown within Figure 3-4. The seed rate and seed nutrient content is outlined in Table 3-4. 

This approach is also relevant for the calculation of N2O–N emissions in terms of residue 

incorporation.  
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Table 3-4: Annual seed rate, dry matter (DM), nitrogen (N), phosphorus (P) and potassium (K) content of seed by crop/grass type. 

Crop/Grass Seed Rate (kg ha-1 yr-1) Seed DM (%) Seed N (% of DM) Seed P (% of DM) Seed K (% of DM) 

Winter wheat(8) 230(1) 86(3) 1.8(3) 0.4(3) 0.55(3) 

Spring wheat(8) 220(1) 86(3) 1.8(3) 0.4(3) 0.55(3) 

Winter oilseed rape 4.5(1) 92.5(5) 3(3) 0.6(3) 0.9(3) 

Spring oilseed rape 5(1) 92.5(5) 3(3) 0.6(3) 0.9(3) 

Winter barley(7) 220(1) 86(3) 1.6(3) 0.4(3) 0.55(3) 

Spring barley(7) 190(1) 86(3) 1.6(3) 0.4(3) 0.55(3) 

Winter oats  190(1) 86(3) 1.6(3) 0.3(3) 0.55(3) 

Spring oats  190(1) 86(3) 1.6(3) 0.3(3) 0.55(3) 

Maincrop ware potatoes 3000 (2) 17.5(4) 0.4(3) 0.09(3) 0.42(3) 

Turnips and swedes 0.4(1) 94.27(6) 1(2)(1) 0.4(1) 1.2(1) 

Perennial ryegrass and white clover(11) 8.75(1)(14)(12)(13) 90(2)(3)(10) 2.68(2) 0.46(3) 0.71(2) 

(1) All Annual Seed Rate values obtained from the SAC/SRUC Farm Management Handbook (SFMH). 
(2) Watson et al. (2010). 
(3) Values as stated in Ewing. (1997). 
(4) Seed potato dry matter in these trials ranged between 16 and 19% (Gately & Doyle, 1973). The midway value (median) of 17.5% was selected. 
(5) 7.5% based on the recommended storage seed moisture content (HCGA, 2014; HGCA, 2005), which corresponds with typical European rapeseed seed moisture that is said to range between 7–10% 
(Gawrysiak-witulska et al., 2012). 
(6) Based on mean of seed moisture content calculated at 5.73% when exposed to a typical temperature of 25°C (relative humidity at 10%, 20%, 30%, 45%, 60% and 75%). (Roberts & Roberts, 1972). 
(7) Ewing (1997) values based on Hordeum vulgare L. 
(8) Ewing (1997) values based on Triticum aestivum L. emend. Fiori et Paol. 
(11) Based on Roberts & Roberts (1972). 
(12) Grass seed rate divided by 4 (as treated as being reseeded on the 4th year) 
(13) Average reseeding rate in practice identified as 35 kg ha-1 yr-1 as shown from ADHB reseeding survey (Genever et al., 2017). Commercial suppliers also advise this application for most mixes such as 
Cotswold seeds (Cotswold Seeds, 2019) and HF Seeds Scotland (HF Seeds Scotland, 2017). 
(14) Seed rate of 25 year study of grassland in Northern Ireland.       
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Figure 3-4: Grass reseeding and N fixation assumptions 

Nitrogen fixation 
White clover is a stoloniferous legume which biologically fixes atmospheric N (ADHB, 2019a) 

and is tolerant of grazing (Whitehead, 1995). As shown in the previous section it is seeded by 

farmers, with the intention that it will biologically fix N and reduce reliance therefore on 

organic and inorganic fertilisers. Red clover (Trifolium pratense L.) was not considered given 

that it is not regarded to be as widely planted or as long lasting as white clover 

(Genever et al., 2017; Jones, 2013). Nitrogen fixation within grass/clover swards is an 

important N input (Watson & Goss, 1997) but without farm analysis of grass/clover 

percentage and condition, specific N fixation for a particular area remains a challenge to 
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calculate (ADHB, 2019a). In line with Lord et al. (2010) who asserted that the percentage of 

clover within the sward and the percentage of N fixed within an area is highly variable and 

thus local estimates are best used, this chapter has used local estimates. 

In line with Clement & Jones (1977) and Frame et al. (1998) inorganic N fertiliser application 

was assumed to compromise the ability for white clover to fix N and thus CGNB and APNB 

methodology only considered N fixation to take place on grass where inorganic N fertiliser 

was not applied (see Figure 3-4). The SFPS and BSFP do state the proportion of grass within 

the categories ‘< 5 years old’ and ‘≥ 5 years old’ receiving N fertiliser annually for the periods 

1983–1999 and 2004–2014, inclusive. Given all the uncertainties above, the following 

methodological approaches for CGNBs and APNBs were applied. David Roberts, Professor of 

Dairy Farming Systems at the Crichton Royal Farm (personal communication) considers 

grass/clover swards in this area to be formed of 5% clover; similar findings were observed 

elsewhere (Humphreys & Kelly, 2008; Nolan et al., 2001). ‘Grass ≥ 5 years old’ is regarded as 

permanent grassland, where there are fewer grass/clover swards than in < 5 years old grass 

(temporary grassland), and even then those that exist are believed to fix less N than in 

younger grass/clover swards (Lord et al., 2010). Local estimates of fixation rates have 

previously been calculated (Watson et al., 2015) and using these and personal 

communication with David Lawson, SRUC Grassland Agronomist, the approach as shown in 

Figure 3-4 was adopted. 

 Offtake used in CGNB and APNB calculations for arable 
land and grass 
The following offtake variables were used in the CGNBs and APNBs to determine offtake; 

crop and straw dry matter yield (kg DM ha-1 yr-1), which was determined from DM content of 

crop and straw (%), and the respective N, P, and K percentage of crops and straw DM (%).  

3.2.5.1.1 Crop yield, crop and straw DM and nutrient content 
Scottish yield crop data (as recorded by Scottish Government) are described in Table 3-5. For 

cereal crops, these figures refer to the grain yield and not the total crop biomass (grain and 

straw). Straw was considered using proportions of grain to straw published with the SFMHs 

(see Table 3-6). It was confirmed that the Scottish Government reports crop yields as fresh 

weight using standard moisture content values (personal communication with Moragh 

Butler, Scottish Government (RESAS) 06/03/2016). To determine the DM of the crop yield, 

standard DM percentages (see Table 3-8 and Table 3-9) were applied to the reported yields. 
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The percentage of N, P and K within the dry matter yield was calculated using standard 

nutrient content (%) also shown in Table 3-8 and Table 3-9. Key methodological implications 

for determining yield are described below in more detail. 
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Legend 

                                                   

         

 

Table 3-5: Availability of annual crop yield data at Scotland scale within the Economic Report for Scottish Agriculture (t ha-1 yr-1) (4). 

 Year 
 Pre-implementation period Implementation 

Period 
Post-implementation period 

Crop Categories(1) 1983
(3) 

1984
3) 

1985
(3) 

1986
(3) 

1987
(3)  

1988
(3) 

1989
(3)  

1990
(3) 

1991
(3) 

1992
(3) 

1993
(3) 

1994
(3) 

1995
(3) 

1996
(3) 

1997
(3) 

1998
(4) 

1999
(4) 

2000
(4) 

2001
(4) 

2002
(4) 

2003
(4) 

2004
(4) 

2005
(4) 

2006
(4) 

2007
(4) 

2008
(4) 

2009
(4) 

2010
(4) 

2011
(4) 

2012
(4) 

2013
(4) 

2014
(4) 

Wheat(2)(6)                                 

Spring wheat                                 

Winter wheat                                 

Barley(6)                                 

Spring barley(6)                                 

Winter barley(5)                                 

Total oats(3)(5)                                 

Spring oats                                 

Winter oats                 

 

                
Oilseed rape(5)                                 

Spring oilseed rape                                 

Winter oilseed rape                                 

Turnips, swedes and 
fodder beet (2) 

                                

Turnips and swedes (2)                                 

Maincrop ware(1)                                 
(1) As outlined in the Economic Report for Scottish Agriculture for the respective year (1984–2015). 
(2) Majority of wheat grown in Scotland is winter wheat (Hay et al., 2000) so the wheat category largely represents ‘winter wheat’. 
(3) Based on publication of data after harvest, typically published the following calendar year. 
(4) Refers to crops yield data and not straw yields. 
(5) The Economic Report for Scottish Agriculture has based this on estimates from the Cereal Production Survey using some 
Estimation from industry experts for the crop years between 2009 and 2014, inclusive. 
(6) Economic Report for Scottish Agriculture report has used estimates from the Cereal Production Survey. 
(7) Economic Report for Scottish Agriculture has reported estimates using SAC and British Potato Council estimates.  

No Data Scotland Level 
Data 
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 Crop yield considerations 
 
Swedes and turnips 
The Scottish Government reports crop yield data for swedes and turnips collectively, and 

sometimes with fodder beet (see Table 3-5). For the years 1994–2014, yield data was not 

presented in yield tables within the ‘Economic Report for Scottish Agriculture’, it was 

therefore calculated using the total hectarage and total tonnage of swedes and turnips with 

the same report; ‘Economic Report for Scottish Agriculture’ for each crop year between 1994 

and 2014. 

 
Spring and winter wheat 
Yields are reported collectively as ‘wheat’, with no distinction made between spring and 

winter varieties. Based on the mean typical grain of yields, scenarios cited in the SFMH, 

winter wheat yields were typically 23% greater than the mean grain yield for spring wheat 

(Table 3-6). The typical Scottish proportions of winter wheat and spring wheat were used to 

weight the yield. As such, the respective yield of spring and winter wheat crops was 

determined. 

 
Spring and winter oats 
Yields are reported collectively as ‘oats’ with no distinction made between spring and winter 

varieties. Using the crop scenarios cited in the SFMH, mean winter oat yields are on average 

30% more than mean spring oat yields. In a similar fashion to spring and winter wheat, the 

Scottish proportions of the spring and winter oats were used to weight the yield. 

 
Spring and winter oilseed rape 
From 1984, spring and winter oilseed rape yields are reported collectively as ‘oilseed rape’. 

In a similar fashion to the other crops above, mean yields were based on the cropping 

scenarios outlined in the SFMH for both spring oilseed rape and winter oilseed rape. Again, 

Scottish proportions of winter oilseed rape and spring oilseed rape in terms of land area were 

used to weight the yield. Winter oilseed rape yields were typically 16% greater than spring 

oilseed rape yields.  

 
Grass yield 
Grass production (e.g amount used for silage) is reported in the ‘December Agricultural 

Survey’ for the respective year, but grass yields (total amount of grass produced) are not. 

Grass yield is not reported in alternative sources. From the time of seeding, the proportion 
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of sown species in the grass sward continues to decline (ADHB, 2014). Nonetheless, typical 

grass Dry Matter (DM) was calculated using standard estimates. Based on ADHB (2014), 

grass < 5 years old and grass ≥ 5 years old was regarded as producing 10 t DM ha-1 yr-1 and 

6 t DM ha-1 yr-1 respectively (ADHB, 2014). 

 
Straw and haulm yield 
Straw and haulm yields are not reported by Scottish Government. For phytosanitary reasons, 

potato haulm and leaf are not removed from the farm after harvesting (personal 

communication, Henry Creissen, SRUC Crop Protection Researcher 02/02/2018) and 

therefore were not considered further. The Harvest Index (HI) was calculated for cereal 

crops. The standard Harvest Index (HI) % formula is shown in Equation 3-8 as used by AHDB 

(2015). To determine the straw and grain production for cereal crops, the mean of three 

typical scenarios (SFMH values) in Scotland were adopted (Table 3-6). Using these values, an 

average HI (%) was determined using Equation 3-8.  

 

                                  𝑯𝑰 % =
𝑮𝒓𝒂𝒊𝒏 𝒀𝒊𝒆𝒍𝒅𝑫𝑴

𝑻𝒐𝒕𝒂𝒍 𝒀𝒊𝒆𝒍𝒅𝑫𝑴
× 𝟏𝟎𝟎                                                    (Equation 3-8) 

The HI helps to determine the biomass of straw that is produced, and thus helps to determine 

offtake. For both winter oilseed rape and spring oilseed rape, straw was treated as not 

leaving the farm. For cereal crops, it was assumed that some straw would leave the farming 

system. However, not all straw is recoverable. In line with Copeland & Turley (2008), 60% of 

cereal straw in Scotland was treated as being recovered from farm as offtake. The nutrient 

content of grain from crops and oilseed rape were treated the same as the seeding values 

outlined earlier in the chapter. Table 3-9 references the nutrient content of straw that is 

removed.  
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Table 3-6: Straw yield and grain yield for cereal crops(1)(4) 

 
 

(t DM ha-1) 

Crop 

 
 

HI (%) Scenario 1 Scenario 1 Scenario 2 Scenario 2 Scenario 3 Scenario 3 

Mean of 
scenarios 
1, 2 & 3  

Mean of 
Scenarios 
1, 2 & 3  

Mean of grain 
yield and mean 
of straw yield  

 

 

Grain Yield (2) Straw Yield (2) Grain Yield (2) 
Straw Yield 
(2) 

Grain Yield 
(2) 

Straw Yield  
(2) 

Mean 
Grain 
Yield (2) 

DM of 
grain 
yield(3) 

Mean 
Straw Yield 
(2) 

DM of 
straw 
yield(3) 

Yield of Whole 
Plant 

DM of 
whole 
plant(3) 

Spring wheat 64.36 4.5 2.5 6.5 3.6 8.5 4.7 6.5 5.59 3.6 3.37 10.1 8.96 
Winter wheat 65.57 6.0 3.2 8.0 4.2 10.0 5.2 8.0 6.88 4.2 3.93 12.2 10.81 
Winter barley 64.47 6.0 3.3 7.5 4.1 9.0 5 7.5 6.45 4.13 3.60 11.63 10.05 
Spring barley 61.45 4.0 2.1 5.5 2.9 7.5 3.9 5.67 4.88 3.56 3.10 9.23 7.98 
Winter oats 59.19 5.0 3.2 7.5 4.7 9.0 5.7 7.17 6.17 5.02 4.68 12.19 10.85 
Spring oats 59.19 3.5 2.1 5.0 3.0 6.5 3.9 5.00 4.30 3.37 3.14 8.37 7.44 

Notes: 
(1) Estimates as obtained from the SFMH (SAC Consulting, 2013). 
(2) Fresh Weight. 
(3) Based on dry matter values as outlined in Ewing. (1997).  
(4) Scenarios based on typical Scottish yield scenarios outlined in the SFMH. 
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 Calculation of crop and grass residues and N content 
In order to consider the contribution of crop residues to N2O–N emissions and their role in 

leaching and volatilisation it was necessary to consider the N content in the proportion of the 

Table 3-7. 

 
Table 3-7: Values used in the calculation of typical crop and grass residues.  

Crop or Grass Ratio of below ground residues to 
above ground 

N content of below-ground 
residues for crop/grass (kg/ha(2) 

Wheat 0.24 0.009 
Barley 0.22 0.014 

Oats 0.25 0.008 

Oilseed rape 0.19 0.008 

Potatoes 0.20 0.01 

Swedes and turnips(1) 0.20 0.014 

Grass clover mixtures 0.80 0.016 

Perennial grasses 0.80 0.012 

(1) Based on tubers within IPCC (2006).  
(2) Values taken from Table 11.2 of IPCC report (IPCC, 2006) 

 

 Dry Matter of Yield Values 
 
Table 3-8: Dry matter values and nitrogen (N), phosphorus (P) and potassium (K) content 
of rootcrops crop and grass. 

Crop Dry weight (%) Nutrient content (% of DM) 

 Grain/Tuber N P K 

*Mainware potatoes(3) 20(1) 1.76(2) 0.2(1)    2.5(1) 

Turnips and swedes 10.75(1)(4)  1.68(2)(4) 0.27(1) 1.25(1)(4) 

Grass  18(1) 2.56(1)(2) 0.4(1)    0.5(1) 

* It is assumed that residue (potato haulm) is in the field, given disease management best practice.  
(1) Values obtained from Ewing. (1997). 
(2) N values obtained from Crude Protein values/6.25 as referred to within Ewing. (1997) in accordance with the Kjeldahl 
method. 
(3) For phytosanitary reasons haulm remains in the agricultural systems. It is not offtake. 
(4) Mean of swede and turnip values from Ewing. (1997). 
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Table 3-9: Dry matter values and nitrogen (N), phosphorus (P) and potassium (K) content 
of crop and straw at harvest by crop type. 

Crop Dry weight (%) Straw/Haulm nutrient content (% of DM) 

 Straw/Haulm N(2) P K 

Wheat 93.6(3) 0.74(4) 0.14(3) 1.24(3) 
Spring Barley (not malting) 87(1) 0.64(1) 0.15(1) 0.1(1) 

Spring Barley (low N malting) 87(1) 0.64(1) 0.15(1) 0.1(1) 

Winter Barley (not malting) 87(1) 0.64(1) 0.15(1) 0.1(1) 

Winter Barley (malting) 87(1) 0.64(1) 0.15(1) 0.1(1) 

Oats 93.3(3) 0.77(4) 0.22(3) 2.12(3) 

Oilseed Rape 93(6) 0.77(5) 0.10(5) 0.95(5) 
(1) Values obtained from Ewing. (1997). 
(2) N values obtained from Crude Protein values/6.25 as referred to within Ewing. (1997) in accordance with the Kjeldahl 
method. 
(3) Mean of straw DM Values obtained from Anderson & Hoffman (2006). 
(4) N values obtained from Crude Protein values /6.25 as referred to within Anderson & Hoffman (2006) in accordance with the 
Kjeldahl method. 
(5) Based on values from ADAS. (2008). 
(6) Based on typical dry matter of grains and oilseed straws (personal communication with Catherine Garman and Harley 
Stoddart of ADHB, 23 April (2018). 
 

 CGNBs using recommended rates from SAC/SRUC 
Technical Notes 
To assess how agricultural guidance compares with agricultural practice, recommended and 

inorganic fertiliser application rates from SAC/SRUC technical notes, were used to replace 

SFPS/BSFP application rates within CGNBs. In this thesis, the term SAC/SRUC recommended 

rates also includes earlier agricultural figures from the former North of Scotland Agricultural 

College where relevant. SAC/SRUC recommended rates from technical notes are a 

particularly advantageous data source, given that all recommendations are consistent with 

NVZ Action Programme rules, such as the NMax (maximum N application) for the NVZ for the 

applicable years (SRUC, 2013d). The scenarios most relevant to the Ythan catchment were 

selected which provided the recommended N, P and K fertiliser rates shown in Table 3-10, 

Table 3-11, and Table 3-12 respectively. It should be noted that generic ‘spring barley’ and 

‘winter barley’ categories are referenced in the original dataset for the BSFP, but 

recommended rates refer to the use of the barley, for example, malting and this is noted 

within Table 3-10. Spring wheat is not as prominent as winter wheat in Scotland and 

consequently, recommended N rates for spring wheat have been omitted from SAC/SRUC 

technical notes. This affects both the pre-implementation and post-implementation periods, 

as defined in this study. Consequently, the advisory N rates were obtained from the SFMH 

for the relevant years and adopted (see Table 3-10). In a similar fashion SAC/SRUC technical 

notes for grass were not published until 2013, which is at the very end of the 
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post-implementation period so SFMH values were applied, and therefore for grass < 5 years 

old and grass ≥ 5 years, N, P and K values were obtained from SFMH advisory rates. Means 

of grazing advisory rates from the SFMH was calculated and used to represent grass ≥ 5 years 

old. In recognition that silage is typically gained from younger grass, the mean of these 

advisory values from the SFMH were calculated and used to represent grass < 5 years old. All 

other nutrient inputs and offtake in the CGNBs remained the same.
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Table 3-10: SAC and SRUC Recommended N Application Rates (kg N ha-1 yr-1). 
 Years 

 Pre-implementation period Post-implementation period 

Crop 1983–1999 2004–2012 2009–2012(8) 2013–2014 

Spring wheat 160.00(27) 170.00(27)  150.00(27) 

Winter wheat 140.00(1)(2)(3) 152.50(6)(7)  158.33(7)(12) 

Spring barley (Low N Malting) 70.00(1)(2)(3) 110.00(6)(7)  110(7)(12)(13) 

Spring barley (Feed or other uses) 90.00(1)(2)(3) 130.00(6)(7)(13)  130(7)(12)(13) 

Winter barley (Feed or other uses) 140.00(1)(2)(3) 

93 

0 

93 

 

132.50(6)(7)  138.33(7)12) 

Winter barley (Malting) 110.00(1)(2)(3)(21) 102.50(6)(7)(21)  93.33(7)(12)(21) 

Spring oats 60.00(1)(2)(3) 69.00(6)(7)(14)  72.00(7)(9)(12) 

Winter oats 110.00(1)(2)(3) 92.50(6)(7)  98.33(7)(12) 

Maincrop ware potatoes 133.33(45)(23) 162.75(6)(10)(23) 148.37(5)(28) 115.00(12) 

Winter oilseed rape (WOSR) 162.00(1)(18)(19)(23) 177.50(6)(7)(22)  177.50(7)(12) 

Spring oilseed rape (SOSR) 82.00(1)(18))19) 100.00(6)(7)(23) 

 
 100.00(7)(19)(12)(23) 

Swedes & turnips 75.00(1)(24) 75.00(1)(24)   85.00(7)(15)(29) 110(7)(11)(26)(24) 

Grass < 5 years old (temporary) 230.00(27) 230.00(27) 

8) 

 220.00(16)(17) 

Grass ≥ 5 years old (permanent) 200.00(27) 200.00(27)  200.00(16)(17) 

(1) Based on mean of low, moderate and high soil N status. 
(2) Based on SAC Technical Note T216 (Revised) (SAC, 1993b). 
(3) Standard application. 
(4) Recommendations are based on maincrop ware with yields of 35–45 t/ha). 
(5) Based on SAC Technical Note T217 (Revised) (SAC, 1993c). 
(6) Based on SAC Technical Note T516 (SAC, 2002). 
(7) Soils treated as: ‘Sandy Loams and Other Mineral Soils Categories’ / ‘All mineral soils’ category. 
(8) Replace between 2009–2012 for Maincrop Ware and Swedes & Turnips. 
(9) Based on the mean of 5 different cropping scenarios. 
(10) Based on the Maris Piper variety. Based on mean of 6 different cropping scenarios. 
(11) Based on SRUC Technical Note TN649 (SRUC, 2013b). 
(12) Based on SRUC Technical Note TN651 (SRUC, 2013d). 
(13) Based on the mean of 3 different cropping scenarios. First 3 scenarios if more than 3. 
(14) Based on mean groups (Groups 1 & 2 within the Technical Note). These are previous cropping 
scenarios where the crop grown is considered a main crop within this thesis.  
(15) Based on SAC Technical Note TN621 (SAC, 2009). 

(16) Mean of all values ‘2 or 3 cut silage + grazing’ ‘1 cut silage + grazing’ ‘Grass with high clover’ and 
’Grazing with low clover’ < 5 years old grass. ‘Hay and Grazing’ regarded long-term ≥ 5 years. 
(17) Based on SRUC Technical Note TN652 (SRUC, 2013e). 
(18) Based on SAC Technical Note T219 (Revised) (SAC, 1993a). 
(19) Median (middle value) selected. 
(20) Based on SAC Technical Note T216 (SAC, 1990b). 
(21) Application rates differ for ‘Malt for distilling’ and ‘Malt for brewing’. A mean has been calculated 
of the application rates for winter barley grown for both purposes. 
(22) Accounts for application to the seedbed. 
(23) Rainfall for the area based on the average for years 1981–2010 (Met Office, 2010).  
(24) Mean of ‘Shopping Swedes’ and ‘Turnips, early bunching’. 
(25) Ware potatoes 60 – >120 days. 
(26) Mean of ‘shopping swedes, turnips (human consumption)’ and ‘swedes/turnips (stockfeed)’. 
(27) Based on mean of SFMH values, because recommended rates in technical notes are not available.  
(28) Based on a high yield > 50 t ha-1 yr-1 yields have increased for potatoes according to the JAC. 
(29) Based on Technical Note TN621. 

(29) Based on Technical Note TN621.
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Table 3-11: SAC and SRUC Recommended P Application Rates (kg P ha-1 yr-1). 

 

*Replace between 2009–2012 for Maincrop Ware and Swedes & Turnips. 
(1) Expected that recommendations are based on maincrop ware potatoes having a yield of 35–
45 t/ha). These were cross-checked against typical Scottish yields at this time which were within 
this range. 
(2) Converted to P from P2O5 using atomic weights. 
(3) Based on moderate P status. 
(4) Based on SAC Technical Note T217 (Revised) (SAC, 1993c). 
(5) Based on SAC Technical Note T218 (SAC, 1990a). 
(6) Assumed straw is removed. 
(7) Based on yield of 5 t/ha. Where yields are above 7 t/ha recommendations have been 
adjusted in calculations. 
(8) Based on SAC Technical Note T325 (SAC, 1993d). 
(9) Based on the Maris Piper variety. 
(10) Based on SAC Technical Note TN633 (SRUC, 2013a). 
(11) Based on SAC Technical Note TN652 (SRUC, 2013e). 
(12) Based on SAC Technical Note T219 (Revised) (SAC, 1993a). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(13)  Assumed that straw ploughed in/burnt and so based on these categories. 
(14) Based on the category ‘All other Grass Management Options’, rather than the ‘High Clover 
Content’ category for newly established grass. 
(15) Mean of different utilisation practices 
(16) Based on established grassland. 
(17) Ware potatoes were considered 60– ≥ 90 days old.  
(18) Based on SRUC Technical Note TN649 (SRUC, 2013b). 
(19) Based on mean of ‘Swede, shopping’, ‘Turnips (human consumption)’, ‘Swedes/turnips 
(stockfeed)’ categories. 
(20) Based on a spring cereal recommended rate. 
(21) Based on a winter cereal recommended rate. 
 
 

 
 
 

 Years 

 Pre-implementation period Post-implementation period 

Crop 1983–1999 

 

2004–2012 

 

2009–2012* 2013–2014 

Spring wheat 28.34(2)(5)(6)(7)(20) 28.34(2)(5)(6)(7)(20)  33.11(2)(10) 

Winter wheat 37.06(2)(5)(6)(7)(21) 37.06(2)(5)(6)(7)(21)  37.41(2)(10) 

Spring barley 28.34(2)(5)(6)(7)(20) 28.34(2)(5)(6)(7)(20)  33.11(2)(10) 

Winter barley 37.06(2)(5)(6)(7)(21) 37.06(2)(5)(6)(7)(21)  37.41(2)(10) 

Spring oats 28.34(2)(5)(6)(7)(20) 28.34(2)(5)(6)(7)(20)  33.54(2)(10) 

Winter oats 37.06(2)(5)(6)(7)(21) 37.06(2)(5)(6)(7)(21)  33.54(2)(10) 

Maincrop ware potatoes(17) 51.60(1)(4)(9) 51.60(1)(4)(9) 64.5(2)(9)(14)(4) 48.38((2)(10) 

Winter oilseed rape (WOSR) 30.01(12)(13)(14) 30.01(12)(13)(14)  30.01(2)(10)(12) 

Spring oilseed rape (SOSR) 20.64(12)(13)(14) 20.64(12)(13)(14)  20.64(2)(10) 

Swedes & turnips 86(2)(3)(8) 86(2)(3)(8) 
 

71.38(2)(18)(19) 

Grass < 5 years old (temporary) 61.11(29) 44.44(29)  32.25(3)(11)(14) 

Grass ≥ 5 years old (permanent)(16) 18.06(29) 18.06(29)  24.95(3)(11)(15) 
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 Table 3-12: SAC and SRUC Recommended K Application Rates (kg K ha-1 yr-1). 

 Year Published 

 Pre-implementation period Post-implementation period 

Crop 1983–1999 2004–2012 2009–2012* 2013–2014 

Spring wheat 58.1(2)(6)(7)(8) 58.1(2)(6)(7)(8)  76.37(2)(11)(13) 

Winter wheat 70.55(2)(6)(7)(8) 70.55(2)(6)(7)(8)  86.15(2)(11)(13) 

Spring barley 58.1(2)(6)(7)(8) 58.1(2)(6)(7)(8)  76.37(2)(11)(13)) 

Winter barley 70.55(2)(6)(7)(8) 70.55(2)(6)(7)(8)  86.15(2)(11)(13) 

Spring oats 58.1(2)(6)(7)(8) 58.1(2)(6)(7)(8)  103.23(2)(11)(13) 

Winter oats 70.55(2)(6)(7)(8) 70.55(2)(6)(7)(8)  103.23(2)(11)(13) 

Maincrop ware potatoes(20) 154.93 (1)(2)(4)(10) 154.93(1)(2)(4)(10)(27) 
 

149.97(2)(22) 

Winter oilseed rape (WOSR) 25(2)(3)(14)(15) 25(2)(3)(14)(15)(21)  52(2)(13)(16) 

Spring oilseed rape (SOSR) 20(2)(3)(14)(17)(15) 20(2)(3)(14)(15)(17)  20(2)(13)(18) 

Swedes & turnips 103.75(2)(9)(13)(19) 103.75(2)(9)(13)(19) 
 

124.50(2)(14)(19)(21) 

Grass < 5 years old 
(temporary) 

79.05 79.05  58.13(2)(12) 

Grass ≥ 5 years old 
(permanent) 

39.06 39.06  49.8(2)(12) 

(1) Expected that recommendations are based on maincrop ware potatoes having a yield 
of 35–45 t ha-1). 
(2) Converted from K2O using atomic weights. 
(3) Based on SAC Technical Note T219 (Revised) (SAC, 1993a). 
(4) Based on SAC Technical Note T217 (SAC, 1993c). 
(5) SAC Technical Note T217 bases this on crop trial data. 
(6) Based on SAC Technical Note T218 (SAC, 1990a). 
(7) Assumed straw is removed. 
(8) Based on yield of 5 t/ha. Where yields are above 7 t/ha recommendations have been 
adjusted in calculations. 
(9) Based on SAC Technical Note T325 (SAC, 1993d). 
(10) Based on the Maris Piper variety. 
(11) Based on SAC Technical Note TN633 (SRUC, 2013a). 

(12) Based on SAC Technical Note TN652 (SRUC, 2013e) 
(13) Based on mean of 4 different soil nutrient statuses. 
(14) Based on the mean of 3 soil statuses. 
(15) ‘straw ploughed in or burnt’. 
(16) Based on a typical yield of 3.5 t ha-1. 
(17) Based on a typical yield of 2.5 t ha-1. 
(18) Based on a typical yield of 2.0 t ha-1. 
(19) Based on ‘Swede, shopping’, ‘Turnips (human consumption)’, ‘Swedes/turnips 
(stockfeed)’. 
(20) Ware potatoes 60 – > 90 days. 
(21) Based on SRUC Technical Note TN649  (SRUC, 2013b). 
(22) Scottish yields exceed typically > 45 t ha-1 in this period, so associated fertiliser 
application was chosen with this in mind.
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 Assessment of cropping change 
In order to assess the influence of cropping pattern change, fertiliser application rates for the 

pre-implementation period were applied to the post-implementation cropping areas. The 

cropping areas and fertiliser application rates were averaged across the years and then the 

NBs were calculated. This provided the ability to assess how cropping patterns change within 

each agricultural parish have influenced nutrient balances. Consequently, new nutrient 

budgets were generated. Any change observed would then be due to cropping area change. 

 Ascertaining the influence of fertiliser application 
rate 
The percentage difference to APNBs was estimated using the scenario of different inorganic 

fertiliser application rates from different time periods. In this case, pre-implementation 

application rates were applied (N, P and K) to the post-implementation period cropping area. 

The percentage difference of different application rates being used are shown within the 

Results section. 

 Data Organisation 
In the first instance, all data used to produce CGNBs and APNBs was inputted into a Microsoft 

(MS) Excel 2010 spreadsheet and organised by crop, grass type, year (pre and 

post-implementation period) and agricultural parish. This allowed data from digital sources 

and printed data (hardcopies) to be presented on one platform. Pertinent attention was paid 

to the greater potential for human error when inputting values from printed sources. For 

example, between 1992–2014, BSFP data (Defra, n.d) could be digitally transferred to the 

spreadsheet. However, prior to 1992, it was necessary to manually input data from 

hardcopies and with this comes a greater possibility for human error. After all data was 

inputted into the spreadsheet, the data was checked. The checking process consisted of the 

values that had been inputted into the MS Excel 2010 spreadsheet being read aloud, with a 

second person confirming the values in the original data sources. Further checks were 

undertaken to provide a typical order of magnitude estimate for the inorganic fertiliser data, 

this was to further rule out incorrectly entered data or formatting errors within the Excel 

spreadsheet. 
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 Data Analysis 
 
Fertiliser application rates and yields used in the CGNBs and APNBs 
Given that the main input in these nutrient budgets is inorganic fertiliser and this is a driver 

of nutrient balances fertiliser application rates were assessed. The mean, standard error of 

mean and median of average annual fertiliser application rates were calculated for the pre 

and post-implementation periods, using both SFPS and BSFP data, and the SAC/SRUC 

recommended fertiliser rates. Further to this, independent t-tests were used to compare the 

differences between the means of the inorganic fertiliser application rates in the pre and 

post-implementation periods, for both SFPS and BSFP data as well as SAC/SRUC rates. Such 

analysis provided a comparison between practice and guidelines. Independent t-tests were 

calculated in RStudio 3.5.1 for Windows 10 using the “dplyr” package (CRAN, 2016). 

Shapiro-Wilk normality tests were conducted in advance of these statistical tests to assess 

goodness of fit. 

Average yields for the selected crops as published by the Scottish Government were plotted 

against the respective years, so that changes in yield could be assessed both within and 

between the pre and post-implementation periods. 

Comparison of CGNBs and APNBs pre and post-NVZ implementation 
The mean and median was calculated for all CGNBS and APNBs. To compare the means of 

CGNB nutrient balances, between the pre and post-implementation periods, independent t-

tests were also used, using the “dplyr” package (CRAN, 2016) on RStudio for Windows 10. 

The independent t-tests enabled comparisons to be drawn between the CGNB balances (N, 

P and K) for each crop: spring oats, winter oats, spring barley, winter barley, spring wheat, 

winter wheat, spring oilseed rape, winter oilseed rape, mainware potatoes, swedes and 

turnips, grass < 5 years, and grass ≥ 5 years. Before conducting these t-tests, it was necessary 

to determine if these data were normally distributed. Goodness of fit was determined using 

Shapiro-Wilk normality tests and all t-tests were conducted to a 95% confidence level. 

To compare APNBs, between the pre and post-implementation periods, paired t-tests were 

calculated in RStudio 3.5.1 for Windows 10 using the “PairedData” package 
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(Champely, 2018). Again, Shapiro-Wilk normality tests were conducted in advance of these 

statistical tests. 

 
 
SFPS and BSFP inorganic application rates and SAC/SRUC 
recommended application rates 
Table 3-13–3-18 show inorganic fertiliser application rates for N, P and K for the pre and post-

implementation periods for N (Tables 3–13 and 3–14), P (Tables 3-15–3.16), and K (Tables 

3.17– 3.18), based on SFPS/BSFP application and recommended SAC/SRUC rates respectively. 

All these tables show the mean, median and results of the t-tests comparing the pre and 

post-implementation periods. Differences were observed between average inorganic 

fertiliser application and the recommended application rates.        
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Table 3-13: Mean, standard error of mean and median N application rates as outlined in the SFPS/BSFP, for the pre-implementation period 
(1983–1999) and during the post-implementation period (2004–2014) including a t-test assessment.  

SFPS and BSFP Inorganic Fertiliser Application Rates (kg N ha
-1

 yr
-1)  

Crop or Grass Type Pre-implementation Period Post-implementation Period  
Mean

 
SEM(2) Median Mean SEM(2) Median Mean 

Difference 
P value Increase(↑) Or 

Decrease(↓)(1) 
SED(3) 

Spring wheat 147.52 4.078 147.67 124.55 7.164 127.00 -22.98 0.005 ↓ 8.244 
Winter wheat 203.00 1.955 202.00 185.18 2.342 183.00 -17.82 < 0.001 ↓ 3.051 
Spring barley 93.71 0.651 93.00 101.45 1.360 103.00 7.75 < 0.001 ↑ 1.511 
Spring barley 
(Low N malting) 

          

Spring barley 
(Feed and other uses) 

          

Winter barley 178.00 2.814 179.00 159.36 4.685 155.00 -19.00 < 0.001 ↓ 5.465 
Winter barley 
(Feed and other uses) 

          

Winter barley (malting)           
Spring oats 62.50 2.739 64.00 58.47 1.925 60.00 -4.05 0.292  3.348 
Winter oats 100.08 6.120 96.00 97.45 3.208 100.00 -2.63 0.747  6.913 
Spring oilseed rape (SOSR) 116.24 5.197 114.40 137.00 6.121 127.00 20.76 0.016 ↑ 8.030 
Winter oilseed rape (WOSR) 226.76 9.452 227.00 191.09 5.064 188.00 -35.67 0.008 ↓ 10.723 
Swedes and turnips 73.47 1.147 74.00 81.91 3.438   84.00 8.44 0.011 ↑ 0.011 
Mainware potatoes 166.24 3.194 163.00 144.45 5.131  145.00 -21.79 < 0.001 ↓ 6.044 
Grass < 5 years old 151.53 1.894 152.00  112.82 1.857 112.00 -38.71 < 0.001 ↓ 2.653 

 

 

Grass ≥ 5 years old 119.00 2.001 120.00 87.00 3.136   85.00 -32.00 < 0.001 ↓ 3.720 
(1) Increase or decrease of nutrient balance if statistically significant. 
(2) SEM = Standard Error of the Mean.  
(3) SED = Standard Error of Difference between means. 

 
    
 

Legend 

No data/ limited 
values available 

No mean change 
Mean increased (post-
implementation period) 

Mean decreased (post-
implementation period) 
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Table 3-14: Mean, standard error of mean and median N recommended application rates as outlined in SAC/SRUC technical notes, both for 
the pre-implementation period (1983–1999) and during the post-implementation period (2004–2014) including a t-test assessment. 

 SAC/SRUC Inorganic Fertiliser Application Rates (kg N ha
-1

 yr
-1)  

Crop or Grass Type Crop 

 

Crop or Grass Type 

Spring wheat 

Winter wheat 

Spring barley 

Winter barley 

Spring oats 

Winter oats 

Spring oilseed rape 

Winter oilseed rape 

Swedes and turnips 

Mainware potatoes 

Grass < 5 years old 

Grass ≥ 5 years old  

 

Crop or Grass Type 

Spring wheat 

Winter wheat 

Spring barley 

Winter barley 

Spring oats 

Pre-implementation Period Post-implementation Period 
 Mean(1) SEM(1) Median(1) Mean SEM* Median Mean Difference 

Spring wheat 160.00   160.00  160.00  
Winter wheat 140.00   153.56 0.71 102.50 13.56 
Spring barley(3)        
Spring barley (Low N malting) 70.00   100.00   30.00 

Spring barley(4) (Feed and other uses) 90.00   84.93 0.51 84.17 -5.07 

Winter barley        
Winter barley (Feed and other uses) 140.00   133.56 0.71 132.50 -6.44 
Winter barley (malting) 110.00   100.83 1.12 102.50 -9.17 
Spring oats 60.00   69.55 0.37 69.00 9.55 
Winter oats 110.00   93.56         0.71 92.50 -16.44 

   Spring oilseed rape (SOSR) 51.64   72.00   20.36 
Winter oilseed rape WOSR) 141.60   154.47              0.91 155.83 12.87 
Swedes and turnips 75.00   97.50 12.00 97.50 22.50 
Mainware potatoes 133.33   140.60 6.45 124.71 7.27 
Grass < 5 years old 230.00   225.00 5.00 225.00 -5.00 
Grass ≥ 5 years old 200.00   200.00    

Notes: 
(1) Where there is one value across the implementation period, standard error the mean and median N fertiliser application are not shown. 
(2) Increase or decrease of nutrient balance if statistically significant. 
(3) Omitted as application rates split into ‘Low N Malting and ‘Feed and other uses’.  
(4) Omitted as application rates split into ‘Malting’ and ‘Feed and other uses’. 
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Table 3-15: Mean, standard error of mean and median P application rates as outlined in the SFPS/BSFP, for the pre-implementation period 
(1983–1999) and during the post-implementation period (2004–2014) including a t-test assessment. 

 (1) Increase or decrease of nutrient balance if statistically significant. 

 
 
 
 
 
 
 
 
 
 

 
SFPS and BSFP Inorganic Fertiliser Application Rates (kg P ha

-1
 yr

-1)  

Crop or Grass Type Pre-implementation period Post-implementation period  
Mean

 
SEM Median Mean SEM Median Mean 

Difference 
P value Increase (↑) or 

Decrease(↓)(1) 
SED 

Spring wheat 23.86 0.908 25.67 22.28 1.468 21.12 -1.58 0.340  1.726 
Winter wheat 33.72 0.638 34.32 28.40 0.591 28.16 -5.32 < 0.001 ↓ 0.869 

Spring barley 24.07 0.308 24.20 23.52 0.403 23.76 -0.55 0.283  0.508 

Winter barley 34.14 0.661 34.32 28.92 0.771 28.60 -5.22 < 0.001 ↓ 1.016 

Spring oats 23.24 0.571 22.38 23.68 0.820 24.20 0.34 0.656  1.003 

Winter oats 25.37 1.293 24.64 23.68 0.823 24.20 -1.69 0.341  1.533 

Spring oilseed rape (SOSR) 25.22 0.417 25.00 25.76 1.161 25.52 0.54 0.612  1.234 

Winter oilseed rape (WOSR) 29.17 0.442 29.04 26.24 0.342 26.40 -2.93 < 0.001 ↓ 0.559 

Swedes and turnips 55.44 1.610 54.56 37.24 2.831 34.32 -18.20 < 0.001 ↓ 3.257 

Mainware potatoes 75.60 1.525 74.80 61.32 2.543 62.04 -14.28 < 0.001 ↓ 2.966 

Grass < 5 years old 18.43 0.391 18.06 14.49 0.439 14.62 -4.04 < 0.001 ↓ 0.588 

Grass ≥ 5 years old 14.49 0.384 14.62 10.28 0.569 9.46 -5.62 < 0.001 ↓ 0.687 
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Table 3-16: Mean, standard error of mean and median P recommended application rates as outlined in SAC/SRUC technical notes, both for the 
pre-implementation period (1983–1999) and during the post-implementation period (2004–2014) including a t-test assessment. 

(1) Where there is one value across the implementation period, standard error the mean and median N fertiliser application are not shown. 

 
 
 
 
 
 
 
 
 
 

 SAC/SRUC Inorganic Fertiliser Application Rates (kg P ha
-1

 yr
-1)  

Crop or Grass Type Pre-implementation period Post-implementation period 
 Mean SEM(1) Median(1) Mean SEM Median Mean Difference 

Spring wheat 28.34   29.21 0.63 28.34 0.87 

Winter wheat 37.06   37.12 0.04 37.06 0.06 

Spring barley 28.34   29.21 0.58 28.34 0.87 

Winter barley 37.06   37.12 0.04 37.06 0.06 

Spring oats 28.34   29.29 0.63 28.34 0.95 

Winter oats 37.06   36.42 0.43 37.06 -0.64 

Spring oilseed rape (SOSR) 23.65   23.49 0.10 23.65 -0.16 

Winter oilseed rape (WOSR) 28.00   28.69 0.47 28.00 0.69 

Swedes and turnips 43.00   56.12 3.90 64.26 13.12 

Mainware potatoes 51.60   54.73 1.64 51.60 3.13 

Grass < 5 years old 52.78 8.34 52.78 38.35 6.09 38.35 -14.43 

Grass ≥ 5 years old 18.06   21.51 3.45 21.51 3.45 
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Table 3-17: Mean, standard error of mean and median K application rates as outlined in the SFPS/BSFP, for the pre-implementation period 
(1983–1999) and during the post-implementation period (2004–2014) including a t-test assessment.  

SFPS and BSFP Inorganic Fertiliser Application Rates (kg K ha
-1

 yr
-1)  

Crop or Grass Type Pre-implementation period Post- implementation Period  
Mean

 
SEM Median Mean SEM Median Mean 

Difference 
P value Increase (↑) or 

Decrease (↓)(1) 

SED 

Spring Wheat 50.34 1.822 53.12 51.37 3.728 49.80 0.97 0.797  4.150 

Winter Wheat 66.69 1.676 68.89 70.78 1.125 70.55 4.09 0.085  2.019 
Spring Barley 48.14 1.048 48.14 55.76 0.928 56.44 7.62 < 0.001 ↑ 1.400 
Winter Barley 66.45 1.441 67.23 65.80 1.174 64.74 -0.65 0.750  1.859 
Spring Oats 45.80 1.439 47.31 54.78 2.005 53.12 8.98 < 0.001 ↑ 2.468 
Winter Oats 50.37 2.055 50.63 54.78   2.055 53.12 4.41 0.157  2.871 
Spring Oilseed Rape (SOSR) 47.87 0.661 47.73 59.50    2.491 62.25 11.62 < 0.001 ↑ 2.579 
Winter Oilseed Rape (WOSR) 58.98 1.105 58.93 56.29 0.600 56.44 -2.69 0.077  1.258 
Swedes and Turnips 77.39 1.381 77.19 72.06 2.108 72.21 -5.33 0.036 ↓ 2.520 
Mainware Potatoes 193.78 3.762 189.24 172.41 6.266 171.81 -21.37 0.004 ↓ 7.309 
Grass < 5 years old 46.50 0.775 46.07 36.75 1.007 36.52 -9.75 < 0.001 ↓ 4.623 

Grass ≥ 5 years old 28.90 1.056 28.22 23.09 1.299 22.41 -5.81 0.001 ↓ 1.674 

Notes: 
 (1) Increase or decrease of nutrient balance if statistically significant. 
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Table 3-18 Mean, standard error of mean and median K recommended application rates as outlined in SAC/SRUC technical notes, both for the 
pre-implementation period (1983–1999) and during the post-implementation period (2004–2014) including a t-test assessment. 

 SAC/SRUC Inorganic Fertiliser Application Rates (kg K ha
-1

 yr
-1)  

 Pre-implementation Period Post-implementation Period 
Crop or Grass Type Mean(2) SEM(2) Median(2) Mean SEM* Median* Mean Difference 

Spring Wheat 58.10   61.42 2.23 58.10 3.32 
Winter Wheat 70.55   73.99 1.90 70.55 3.44 
Spring Barley 58.10   61.42 2.23 58.10 3.32 
Winter Barley 70.55   73.39 1.90 70.55 2.84 
Spring Oats 58.10   66.31 5.50 58.10 8.21 
Winter Oats 70.55   76.49 3.99 70.55 5.94 
Spring Oilseed Rape 23.25   25.66 1.62 23.25 2.41 
Winter Oilseed Rape 34.87   37.53 1.79 34.87 2.66 
Swedes and Turnips 133.69   115.72 5.19 100.75 -17.97 
Mainware Potatoes 111.60   136.33 7.23 149.97 24.73 
Grass < 5 years old 79.05   68.59 10.46 68.59 -10.46 

Grass ≥ 5 years old 39.06   44.43 5.37 44.43 5.37 

Notes: 
(1) Increase or decrease of nutrient balance if statistically significant. 
(2) Same values for all years across the implementation period.  
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 Average inorganic N and P fertiliser application declines 
between crop pre and post-implementation periods for most 
crops but this is different for K 
In summary, for most crops, N application rates based on SFPS/BSFP data declined with the 

introduction of the NVZ legislation—results of which were found to be statistically significant 

(Table 3-13). However, some variations are worth mentioning. For swedes and turnips, spring 

barley and spring oilseed rape, the mean and median N fertiliser application rates increased 

post NVZ legislation (Table 3-13). For spring barley, the standard error of the mean (SEM) is 

one of the smallest of crops in both time periods. This is reflective of the nutrient 

management the crop receives. 

 
For P, all of the crops which were statistically significant showed a decrease in the mean and 

median by the post-implementation period (Table 3-15). For K application rates there was a 

mixed picture as three of the twelve selected crops showed an average increase in fertiliser 

application, while four showed a decrease in fertiliser application, and the other crops 

showed no significant difference (Table 3-17). The six crop categories where a statistically 

significant increase in K application was observed were: spring barley, spring oats, and spring 

oilseed rape. 

 Actual inorganic fertiliser application in the field 
commonly exceeds recommended rates 
Mean recommended N application rates within the SAC/SRUC technical notes were lower 

than the mean SFPS/BSFP application rates (Table 3-13) for the periods before and after NVZ 

implementation, for the following crops: spring wheat, winter wheat, winter oilseed rape and 

grass <5 years, grass ≥ 5 years, winter oats and swedes/turnips. However, for swedes/turnips, 

the difference between means is only 1.53 kg ha-1 yr-1. For mainware potatoes, mean 

SFPS/BSFP N application rates were 32.91 kg N ha-1 yr-1 greater than recommended rates 

before implementation, but 4.40 kg N ha-1 yr-1 more after implementation. For spring oats, 

the comparable figures were 2.50 kg ha-1 yr-1 for the mean SFPS/BSFP figures and 

11.08 kg ha-1 yr-1 pre and post implementation respectively. Grass management showed the 

most variation between recommended rates and practice < 5 years and grass ≥ 5 years. This 

may reflect that grassland rates in the SFPS/BSFP, are averaged across a variety of grass 

management types and thus could be a reporting issue or that recommended rates are not 

being applied in practice. For P and K (Table 3-15 and Table 3-17). 
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mean recommended rates exceed mean application rates for both the respective before and 

after NVZ implementation periods for the following crops: spring wheat, winter wheat, spring 

barley, winter barley, spring oats and winter oats.  

 Whilst N use is reported to be in excess within farming 
systems, recommended N rates have not declined for all 
crops/grass 
For spring wheat and grass ≥ 5 years, recommended N application rates have remained 

constant across both the pre and post-implementation periods. Application rates for winter 

wheat, spring barley (low N malting), spring oats, spring oilseed rape, winter oilseed rape, 

swedes/turnips and mainware potatoes have increased post NVZ. However, despite this 

increase, all recommended rates have still been designed to meet NMax limits, and so are a 

better reflection of crop needs in Scottish agricultural conditions.
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 Crop Yields 
Figures 3.5–3.8 show Scottish yields across the pre and post-implementation periods. The 

figures also include yields for the implementation period which has been excluded in this 

study (2000–2003). 

 
Figure 3-5: Reported Scottish yields (based on standard moisture content) as used with the 
CGNBs and APNBs for the pre-implementation period for spring wheat, winter wheat, 
spring barley, winter barley, spring oats, winter oats, spring oilseed rape and winter oilseed 
rape. 

 

 
Figure 3-6: Reported Scottish yields (based on standard moisture content) as used with the 
CGNBs and APNBs for the post-implementation period for spring wheat, winter wheat, 
spring barley, winter barley, spring oats, winter oats, spring oilseed rape and winter oilseed 
rape. 
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Figure 3-7:  Reported Scottish yields (based on standard moisture content) for the 
pre-implementation period as used within CGNBs and APNBs for mainware potatoes and 
the turnips and swede category. 

 

Figure 3-8: Reported Scottish yields (based on standard moisture content) for the 
post-implementation period as used within CGNBs and APNBs for mainware potatoes and 
the turnips and swede category.
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 For crops in the post-implementation period, yields 
appear to stabilise and are not as variable than in the 
pre-implementation period 

Overall, yields level out for cereal crops in the post-implementation period (Figure 3-6) in 

comparison with the pre-implementation period (Figure 3-5). Across both pre and post-

implementation periods there are slight fluctuations between years which would alternate 

depending on: weather events, cultivar changes, pesticide applications, and herbicide 

applications, aside from fertiliser application being a key influence. 

 Crop and Grass Nutrient Budgets (CGNBs) generally 
decrease post NVZ-implementation 

Table 3-19–3-24 show the CGNB results for N, P and K, presented using both these 

SFPS/BSFP data as well as SAC/SRUC recommended rates. 

 
Nitrogen (N) 
The N balance for most crops has declined and is statistically significantly declined post-NVZ 

implementation. The exceptions to this are, swedes/turnips which were statistically 

significant but that the N balance has increased (Table 3-19). For grass < 5 years, spring barley 

and winter oats, no statistical significance was observed. For spring barley, the N balance was 

reduced by approximately 15% post-NVZ implementation. The variability of the spring barley 

nutrient balances was low compared to the other crops (illustrated by the SEM). Grass ≥ 5 

years is statistically significant, but grass < 5 years is not.  

 
CGNBs produced using recommended fertiliser rates show that N balances have decreased 

post-NVZ for six crop/grass types, but for three others increased. However, unlike BSFP/SFPS 

calculated CGNBs, spring wheat CGNBs based on recommended rates are not in deficit post-

NVZ. Spring oat N balances decreased when recommended rates were used, in common with 

BSFP/SFPS average fertiliser application rates, but in contrast N balances were not in deficit 

under the use of recommended rates. CGNBs for grass ≥ 5 years show a decrease post-NVZ 

both under SAC/SRUC rates and BSFP/SFPS average fertiliser application rates, keeping the 

CGNBs in deficit within both periods. For grass < 5 years, the mean and median nutrient 

balances are in deficit within both the pre and post-implementation periods. 
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Phosphorus (P) 
All CGNBs produced for all crop and grass categories based on SFPS/BSFP fertiliser application 

show a decrease in the nutrient balance post-NVZ (Table 3-21). This is statistically significant 

for all crops and grass, with the exception of spring wheat. For winter wheat, a deficit is 

returned post NVZ. For spring wheat, spring oilseed rape, winter oilseed rape, grass < 5 years 

and grass ≥ 5 years, P deficits exist in both time periods, but the P deficits are lower post NVZ 

than prior to NVZ. For the categories: swedes and turnips, spring barley and grass ≥ 5 years 

based on recommended rates there is an increase in the P balance. For CGNBs of spring 

wheat produced using SAC/SRUC rates there also is no significant difference between pre 

and post-implementation (Table 3-22). 

 
Potassium (K) 
For K, CGNB balances based on SFPS/BSFP recommended rates (Table 3-23) show balances 

in deficit in both pre and post-implementation periods for: potatoes, spring oats, winter oats, 

spring oilseed rape, winter oilseed rape and both grass < 5 years and grass ≥ 5 years old. When 

nutrient balances are derived using SAC/SRUC recommended rates, spring oilseed rape and 

winter oilseed rape show a statistically significant difference and are in deficit in both periods 

(Table 3-24).  

 Crop and Grass Nutrient Budgets 
The CGNBs for all crops and grass for N P and K are shown within Tables 3-19–3-24. 
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Table 3-19: Mean, Median and results of Independent samples t-tests for the N balance of all CGNBs based on SFPS and BSFP data for the pre-
implementation period (1983–1999) and the post-implementation period (2004–2014). 

 Nitrogen CGNBs based on SFPS and BSFP Application Rates (kg N ha-1 yr-1) 

 Pre-implementation period Post-implementation period    

Crop/Grass Type Mean Median SEM Mean Median SEM  Mean 
Difference 

P value Increase(↑) or 
Decrease(↓ )(1) 

SED 

Spring Wheat 9.64 10.78 5.568 -26.37 -25.38 8.175 36.01 < 0.001 ↓ 9.891 
Winter Wheat 79.72 78.09 4.103 48.87 78.09 4.247 -29.84 < 0.001 ↓ 5.906 

Spring Barley 28.68 29.11 1.787 23.89 21.52 1.692 -4.78 0.078  2.462 

Winter Barley 90.70 88.55 5.659 51.36 50.31 4.992 -39.94 < 0.001 ↓ 7.547 

Spring Oats 13.82 13.90 3.960 -7.55 -6.67 2.970 1.86 < 0.001 ↓ 0.341 

Winter Oats 50.85 42.44 7.352 31.43 -1.76 4.072 -19.43 0.060  8.404 

Spring Oilseed Rape -47.30 -52.87 5.650 5.93 -1.70 5.921 52.69 < 0.001 ↑ 8.188 

Winter Oilseed Rape 84.74 82.40 7.651 40.00 50.06 6.052 44.74 < 0.001 ↓ 17.305 

Swedes and Turnips 77.57 77.56 1.219 85.29 86.80 3.540 7.72 0.023 ↑ 7.724 

Potatoes 41.54 36.75 8.108 -7.19 -1.69 7.970 -48.73 < 0.001 ↓ 11.372 

Grass < 5 years -7.02 -19.86 12.80 -23.74 -27.41 6.380 -16.72 0.329  14.302 

Grass ≥ 5 years -42.11 -41.88 2.496 -75.43 -77.43 3.140 -33.31 < 0.001 ↓ 4.008 
(1) Increase or decrease of nutrient balance if statistically significant.  
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Table 3-20: Mean, Median and results of Independent samples t-tests for the N balance of all CGNBs based on SAC/SRUC Technical Note data for the 
pre-implementation period (1983–1999) and the post-implementation period (2004–2014).  

 Nitrogen CGNBs based on SAC/SRUC Technical Notes (kg N ha-1 yr-1)  

Crop or Grass Type Pre-implementation period Post-implementation period     

 Mean Median SEM Mean Median SEM 

 

Mean 
Difference 

P-value Increase (↑) or 
Decrease (↓) (1) 

SED 

Spring Wheat 22.22 22.09 3.300 15.44 15.66 4.841 -6.78 0.240  5.859 
Winter Wheat 16.72 16.59 3.006 18.25 16.53 3.577 1.53 0.747  4.672 

Spring Barley (Low N malting) 4.97 5.45 1.706 32.44 32.84 1.344 27.46 < 0.001 ↑ 2.172 

Spring Barley (Feed) 24.97 25.45 1.706 52.44 52.84 1.344 27.46 < 0.001 ↑ 2.172 

Winter Barley (Malting) 22.70 21.10 3.454 22.42 -7.16 2.430 -29.87 < 0.001 ↓ 4.122 

Winter Barley (Feed) 52.70 51.10 3.454 25.55 24.30 2.249 -27.14 < 0.001 ↓ 4.122 

Spring Oats 11.51 10.77 2.035 3.52 2.12 1.770 -7.25 0.019 ↓ 2.700 

Winter Oats 60.77 61.51 2.036 27.53 27.02 1.762 -33.23 < 0.001 ↓ 2.696 

Spring Oilseed Rape -30.01 -31.47 4.295 -31.63 -29.83 3.878 -1.60 0.798  5.787 

Winter Oilseed Rape 49.98 48.52 4.295 45.86 47.64 3.878 -4.11 0.512  5.787 

Swedes and Turnips 79.09 78.88 0.216 88.14 88.38 4.052 9.28 0.008 ↑ 4.057 

Potatoes 35.99 35.34 0.878 37.10 32.28 2.343 1.10 0.614  2.503 

Grass < 5 years -13.34 -13.71 0.391 -17.38 -17.15 0.439 -4.04 < 0.001 ↓ 0.558 

Grass ≥ 5 years -0.87 -5.08 0.380 -5.08 -5.90 0.569 -4.21 < 0.001 ↓ 0.687 
(1) Increase or decrease of nutrient balance if statistically significant. 
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Table 3-21: Mean, Median and results of Independent samples t-tests for the P balance of all CGNBs based on SFPS and BSFP data for the pre-
implementation period (1983–1999) and the post-implementation period (2004–2014). 

(1) 

Increase or decrease of nutrient balance if statistically significant.  
 
 
 
 
 
 
 
 
 
 
 

 Phosphorus CGNBs based on SFPS and BSFP Application Rates (kg P ha-1 yr-1) 

 Pre-implementation period Post-implementation period  

Crop or Grass Type Mean Median SEM Mean Median SEM Mean 
Difference 

P value Increase (↑) 
Decrease(↓)(1) 

SED 

Spring Wheat -5.89 -4.97 1.230 -9.96 -10.86 1.710 4.07 0.058  2.107 
Winter Wheat 

 

6.74 6.64 0.755 -0.84 -0.31 0.861 -7.581 

 

< 0.001 ↓ -1.145 

Spring Barley 7.80 7.25 0.453 4.83 4.52 0.422 -2.97 

 

< 0.001 ↓ 0.620 

Winter Barley 12.29 11.17 0.818 2.70 2.72 0.807 -9.59 

 

<0.001 ↓ 1.149 

Spring Oats 8.42 7.20 0.722 5.02 5.88 0.910 -0.340 

 

0.006 ↓ 1.1625 

Winter Oats 10.54 10.69 1.425 5.02 5.88 0.910 -5.525 

 

0.008 ↓ 1.691 

Spring Oilseed Rape -38.59 -38.92 1.728 -50.12 -49.89 1.858 -11.56 < 0.001 ↓ 2.538 

Winter Oilseed Rape -0.33 2.26 2.936 -35.25 -33.19 1.655 -34.90 < 0.001 ↓ 3.370 

Swedes and Turnips 53.65 52.94 1.604 35.42 32.55 2.811 -18.23 < 0.001 ↓ 3.237 

Potatoes 60.00 59.02 2.004 42.71 39.81 2.423 -17.28 < 0.001 ↓ 3.144 

Grass < 5 years -13.34 -5.08 0.391 -17.38 -17.15 0.439 -4.041 < 0.001 ↓ 0.687 

Grass ≥ 5 years -0.87 -13.71 0.380 -5.08 -5.90 0.569 -4.210 < 0.001 ↓ 0.588 
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Table 3-22: Mean, Median and results of Independent samples t-tests for the P balance of all CGNBs based on SAC/SRUC Technical Note data for the 
pre-implementation period (1983–1999) and the post-implementation period (2004–2014). 

 
(1) Increase or decrease of nutrient balance if statistically significant. 
  
 
 
 
 
 
 
 
 
 

 Phosphorus CGNBs based on SAC/SRUC Technical Notes (kg P ha-1 yr-1) 

 Pre-implementation period Post-implementation period  

Crop or Grass Type Mean Median SEM Mean Median SEM Mean Difference P value Increase(↑) / 
Decrease(↓) (1) 

SED 

Spring Wheat -1.42 -1.44 0.651 -3.03 -3.64 0.910 -1.61 0.151  1.126 
Winter Wheat 

 

10.08 10.05 0.593 7.88 7.88 0.703 -2.20 0.025 ↓ 0.920 
Spring Barley 12.07 12.23 0.354 9.88 10.52 0.445 -1.54 0.011 ↓ 0.659 
Winter Barley 15.21 14.86 0.749 10.90 10.79 0.466 -4.30 < 0.001 ↓ 0.882 
Spring Oats 13.52 13.69 0.480 10.62 9.81 0.649 -2.88 0.001 ↓ 0.807 
Winter Oats 22.24 22.41 0.480 17.70 17.76 0.701 -4.47 < 0.001 ↓ 0.850 
Spring Oilseed Rape -29.85 -30.40 1.824 -37.08 -37.99 1.660 -8.14 0.004 ↓ 2.469 
Winter Oilseed Rape -29.58 28.12 4.295 -32.73 -32.79 1.600  < 0.001 ↓ 4.583 
Swedes and Turnips 41.21 41.51 0.040 54.29 62.39 3.911 13.09 < 0.001 ↑ 3.915 
Potatoes 36.00 35.54 0.878 31.10 32.38 2.340 1.10 0.614  2.503 
Grass < 5 years 29.33 29.33  10.44 12.66 1.486 -18.88 < 0.001 ↓ 1.486 

Grass ≥ 5 years 2.70 2.70  3.95 2.69 0.840 1.25 0.07  0.840 
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Table 3-23: Mean, Median and results of Independent samples t-tests for the K balance of all CGNBs based on SFPS and BSFP data for the pre-
implementation period (1983–1999) and the post-implementation period (2004–2014). 

 Potassium CGNBs based on SFPS and BSFP Application Rates (kg K ha-1 yr-1) 

 Pre-implementation period Post-implementation period  

Crop or Grass Type Mean Median SEM Mean Median SEM Mean 
Difference 

P value Increase (↑) or 
Decrease(↓)(1) 

SED 

Spring Wheat -3.50 -2.415 2.335 -7.21 -8.07 4.200 -3.710 

 

0.410 ↓ 4.805 
Winter Wheat 18.56 20.91 1.521 18.41 17.94 1.605 -0.150 

 

< 0.001 ↓ 2.211 
Spring Barley 6.45 6.21 1.215 7.67 6.95 0.923 1.216 

 

0.477 ↑ 1.526 
Winter Barley 24.44 23.37 1.270 14.89 12.54 1.330 -9.455 

 

< 0.001 ↓ 1.847 
Spring Oats -6.31 -6.67 1.902 -11.01 12.60 2.537 -4.691 

 

0.144 ↓ 3.171 
Winter Oats 3.71 4.98 2.669 -4.23 -5.50 2.447 -7.940 

 

0.051 ↓ 3.621 
Spring Oilseed Rape -49.79 -50.15 4.360 -29.46 -24.30 3.032 25.49 

 

< 0.001 ↓ 5.313 
Winter Oilseed Rape -0.50 -0.62 2.608 -27.52 -26.75 2.294 -27.00 

 

< 0.001 ↓ 3.473 
Swedes and Turnips 68.81 69.31 1.367 63.30 64.66 2.040 5.50 0.027  2.456 
Potatoes -1.46 -8.65 11.712 -60.34 -52.08 12.03 -58.87 0.002  16.792 
Grass < 5 years -28.75 -28.07 1.056 -33.88 -34.56 1.299 -5.814 0.002  1.674 
Grass ≥ 5 years 9.51 9.07 -0.47 -0.24 -0.47 1.000 -9.76 

 

< 0.001 ↓ 1.271 
(1) Increase or decrease of nutrient balance if statistically significant.  
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Table 3-24: Mean, Median and results of Independent samples t-tests for the K balance of all CGNBs based on SAC/SRUC Technical Note data for the 
pre-implementation period (1983–1999) and the post-implementation period (2004–2014). 

 Potassium CGNBs based on SAC/SRUC Technical Notes (kg K ha-1 yr-1) 

 Pre-implementation period Post-implementation period  

Crop or Grass Type Mean Median SEM Mean Median SEM Mean Difference P value 

 

Increase (↑) or 
Decrease(1) (↓)  

SED 

Spring Wheat 4.25 4.21 1.226 2.90 0.07 2.531 -1.35 0.595  2.813 
Winter Wheat 

 

22.42 22.37 1.11 21.02 18.63 2.197 -1.38 0.593  2.460 
Spring Barley 16.31 16.55 1.367 19.09 19.19 1.062 2.77 0.157  1.731 
Winter Barley 28.54 27.84 1.508 22.57 20.42 2.109 -5.96 0.026 ↓ 2.593 
Spring Oats 5.98 6.61 1.710 0.51 -4.23 5.233 -10.54 0.252  5.508 
Winter Oats 23.89 24.45 1.549 11.95 17.48 3.791 -6.41 0.085  4.096 
Spring Oilseed Rape -49.31 -50.09 2.565 -60.54 -59.45 2.303 -11.24 0.005 ↓ 3.448 
Winter Oilseed Rape -37.69 -38.47 2.565 -46.26 

 

-46.88 2.586 -8.57 0.003 ↓ 3.643 
Swedes and Turnips 95.11 94.88 0.229 94.97 93.20 5.070 -0.16 < 0.001 ↓ 5.076 
Potatoes -40.31 -48.61 10.98 -77.71 -77.71 11.731 -37.79 0.400  16.07 
Grass < 5 years 42.06 42.06  38.25 42.05 2.35 -3.80 0.072  2.551 
Grass ≥ 5 years -17.91 -17.91  -15.95 -17.91 1.309 1.95 0.072  1.309 

(1) Increase or decrease of nutrient balance if statistically significant 
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 Pre and post-implementation APNB N and K balances—
no significant statistical difference 

Whilst the APNBs of six of eleven nutrient balances show a decrease, no statistical difference 

was observed for N or K at agricultural parish level (Table 3-25 and Table 3-27). Consequently, 

it appears as if the NVZ has had no direct impact on K. For K, no change in the K balance 

between the pre and post implementation periods was statistically significant. The main 

differences in fertiliser application rates and K balances seem to be due to crop type. 

However, the amounts of K applied still seems to be more than adequate with K surpluses 

being the greatest for potatoes and swedes/turnips (Table 3-23). For five agricultural 

parishes, there was a greater surplus in the post-implementation period compared with the 

pre-implementation period meaning that there was greater potential for losses. On the 

whole, it means that N and K management has not improved to a statistically significant level, 

which appears to be due to relatively large standard errors between agricultural systems.  

 The soil is being mined of nutrient P 
There is less than a 1 kg P ha-1 yr-1 difference in the average P nutrient balance between the 

mean P balances of agricultural parishes, within the periods before and after NVZ 

implementation. However, P balances from APNBs were significantly lower, within the post 

implementation period, in Foveran, Slains, Udny, Logie Buchan, Methlick and Fyvie (Table 

3-26). This is interesting, in that there appears to have been a greater impact on P, despite N 

being the initial rationale for NVZ designation. Unlike N, where soil mining does not take 

place in any agricultural parish, P is being mined from the soil (Table 3-26). During the 

pre-implementation period, two agricultural parishes are in P deficit and within the 

post-implementation period these agricultural parishes remain in deficit with further four 

agricultural parishes also entering into deficit. Unless there is a store of P in the soil, this is 

not efficient.  
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 Agricultural Parish Nutrient Budgets (APNBs) 
Nutrient balances calculated at the agricultural parish level are shown in Table 3-25, Table 3-26, and Table 3-27 for N, P and K respectively. 

 
Table 3-25: Agricultural Parish level paired t-test comparing the N balance within the pre and post-implementation periods (kg N ha-1 yr-1). 

 Nitrogen APNBs based on SFPS and BSFP Application Rates (kg N ha-1 yr-1) 
 Pre-implementation period Post-implementation period    

Agricultural Parish Mean 

 

Mean Mean Difference 

 

P value SED 

New Deer 3.01 6.29 -3.28 0.25 2.700 
Ellon 3.88 6.46 -2.58 0.30 2.357 
Foveran 4.04 4.93 -0.89 0.69 2.130 
Logie Buchan 8.90 8.27 0.63 0.24 0.496 
Methlick 9.35 7.02 2.33 0.46 3.808 
Slains 5.90 7.22 -1.32 0.49 1.849 
Tarves 7.98 6.27 1.71 0.14 1.080 
Udny 7.77 7.35 0.42 0.66 0.923 
Meldrum 9.65 7.60 2.05 0.42 2.461 
Aucterless 5.72 5.59 0.13 0.87 0.768 
Fyvie 0.88 4.71 -3.83 0.76 3.415 
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Table 3-26: Agricultural Parish level paired t-test comparing the P balance within the pre and post-implementation periods (kg P ha-1 yr-1). 
 Phosphorus APNBs based on SFPS and BSFP Application Rates (kg P ha-1 yr-1) 
 Pre-implementation 

period 
Post-implementation 

period 
   

Agricultural Parish Mean 

 

Mean Mean Difference 

 

 

P value SED 

New Deer -0.27 -0.61 0.34 0.11 0.202 
Ellon 0.05 -0.40 0.45 0.10 0.252 
Foveran 0.57 0.02 0.55 0.04 0.239 
Logie Buchan 0.38 -0.14 0.52 0.04 0.228 
Methlick 0.51 -0.01 0.52 0.02 0.191 
Slains 0.75 0.25 0.50 0.04 0.258 
Tarves 0.32 -0.21 0.53 0.08 0.208 
Udny 0.67 0.28 0.39 0.03 0.152 
Meldrum 0.81 0.57 0.24 0.68 0.581 
Aucterless 0.45 0.10 0.35 0.09 0.190 
Fyvie -0.11 -0.63 0.52 0.03 0.218 
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Table 3-27: Agricultural Parish level paired t-test comparing the K balance within the pre and post-implementation periods (kg K ha-1 yr-1). 
 Potassium APNBs based on SFPS and BSFP Application Rates (kg K ha-1 yr-1) 
 Pre-implementation period Post-implementation period    

Agricultural Parish Mean Mean 
 

Mean Difference 

 

 

P value SED 

New Deer -2.95 -3.29 -0.34 0.63 0.687 
Ellon -1.39 -1.29 -2.00 0.84 0.478 

Foveran 0.89 0.62 -0.27 0.37 0.290 
Logie Buchan 0.33 -0.21 0.54 0.09 0.292 

Methlick 0.78 0.26 -0.52 0.14 0.324 

Slains 0.89 0.47 -0.42 0.18 0.219 
Tarves 0.49 0.14 -0.35 0.28 0.312 

Udny 1.12 0.84 -0.28 0.25 0.234 

Meldrum 1.51 1.91 0.4 0.77 1.384 
Aucterless 0.02 0.15 -0.13 0.76 0.446 

Fyvie -1.92 -2.61 -1.71 0.26 0.582 
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 Partitioning of the N nutrient balances at the 
agricultural parish level 

The N surplus is known to lead to N2O emissions, and the N2O-N attributed to such losses has 

been estimated (see Figure 3-9). In order to give some context to the N balances and 

approximate a contribution based on the surplus, the nutrient balances were partitioned, 

and the emissions believed to be attributed to each respective loss; N2O–N emissions, 

leaching N and volatilised N as outlined below in Figure 3-9. The calculations have been 

conducted in line with the IPCC (2006) methodology as shown within Equations 3-2–3-6. 

Please note that direct emissions refers to the N2O–N generated from available N, leading to 

nitrification and denitrification and subsequently N2O. Broadly looking at the agricultural 

parishes as a whole, it can be seen that N remains in the soil balance or is lost via direct 

emissions (Figure 3-9). The contribution of leaching ranges has a range of~1.0–

2.5 kg N ha-1 yr-1 across all agricultural parishes. It is also shown that N2O–N lost to 

volatilisation varies the most between agricultural parishes.  
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Figure 3-9: Partitioning of the APNB N Balances for the pre and post-implementation periods
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 Most surplus N contributes to the soil balance 
On the whole, N inputs have decreased. For N2O-N emissions, the greatest influence are 

cropping patterns (particularly residue incorporation). The more residue that is incorporated, 

the larger the increase in emissions that are observed for that period. N2O–N emissions for 

potatoes, grass < 5 years old and grass ≥ 5 years old have decreased as a result of reductions 

in the application of inorganic fertiliser (Figure 3-9). At crop level, the smallest flux of N2O 

emissions are from the oat crop. Fyvie and Meldrum in the pre-implementation period have 

the smallest N surplus being left in the soil. Ellon shows that the system has become more 

efficient in the post-implementation period-with a smaller proportion of N being left in the 

soil.  

 Cropping changes within the pre-implementation and 
post-implementation period has influenced the APNBs  

As well as inorganic fertiliser application implicating the nutrient budgets change in cropping 

also has an influence. Figures 3-5–3-8, show cropping changes. It is known that across the 

Ythan catchment, the spring barley area remained consistent across periods. Furthermore, 

there was a continual decline in the potato area across the post-implementation period. The 

changes in crop area will influence the contribution that each crop makes to the APNBs.  

 Scenario using pre-implementation inorganic fertiliser 
application rates on the post-implementation period 
cropping area 

The difference between applying the SFPS/BSFP inorganic fertiliser application and the 

alternate application rates to the post-implementation period, keeping the cropping 

scenarios the same is shown below. It shows in all cases application rates would have been 

higher in the post-implementation period. Table 3-28 shows that the cropping pattern (it is 

the only variable that has changed) influences the nutrient balances for some agricultural 

parishes but is not statistically different for others. Some of these agricultural parishes would 

have had greater nutrient balances. This is most notable for K. 
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Table 3-28: Display of the difference to the APNBs in the post-implementation period if pre-implementation application rates were applied (N, P and K) 
to the post-implementation period cropping area. 

  Mean Difference Nitrogen Phosphorus Potassium 

 Post-implementation 
period balance using 

mean inorganic fertiliser 
application rates across 

the period 

Post-implementation period 
balance using the cropping 

area of the post-
implementation period and 

the mean pre-
implementation period 

application rates to replace 
the post-implementation 
period application rates 

Agricultural Parish N P K N P K N P K  P value SED P value SED P value SED 

New Deer 6.29 -0.61 -3.29 7.42 -0.80 0.10 1.13 -0.19 -3.19 0.5 0.002 0.02 0.041 0.12 0.542 

Ellon 6.46 -0.40 -1.29 6.20 -0.64 0.15 0.26 -0.24 -1.53 0.7 0.210 0.03 0.051 0.06 0.620 

Foveran 4.93 0.02 0.62 5.15 -0.01 0.25 -0.22 0.01 0.37 0.1 0.051 0.01 0.214 0.06 0.271 

Logie Buchan 8.27 -0.14 -0.21 7.56 0.18 0.06 0.71 4.00 0.15 0.5 0.031 0.04 0.106 0.01 0.325 

Methlick 7.02 -0.01 0.26 6.06 0.10 0.40 0.96 0.09 -0.14 0.4 0.072 0.50 0.341 0.03 0.475 

Slains 7.22 0.25 0.47 7.00 0.40 -0.10 0.22 -0.15 0.37 0.2 0.103 0.03 0.601 0.02 0.814 

Tarves 6.27 -0.21 0.14 5.33 -0.05 -0.03 0.94 -0.16 0.17 0.04 0.123 0.04 0.910 0.05 0.341 

Udny 7.35 0.28 0.84 6.54 -0.08 -0.42 0.81 0.20 1.26 0.3 0.054 0.25 0.121 0.60 0.510 

Meldrum 7.60 0.57 1.91 7.38 0.06 0.24 0.22 0.51 0.42 0.2 0.018 0.06 0..510 0.51 0.141 

Aucterless 5.59 0.10 0.15 6.20 0.22 0.35 -0.61 -0.12 0.20 0.4 0.041 0.03 0.034 0.02 0.050 

Fyvie 4.71 -0.63 -2.61 5.46 0.28 0.43 -0.75 -0.35 -3.04 0.5 0.051 0.41 0.002 0.40 0.091 
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 Methodological Innovation 

3.4.1.1.1 Methodological Strengths 
The methodology used in this chapter provides the first detailed assessment of inorganic 

nutrient use at crop and agricultural parish level across pre and post-implementation periods 

for the Ythan catchment area. Previous studies such as Domburg et al. (1998, 2000) did not 

show results at the agricultural parish level and furthermore the work completed before the 

NVZ was established. The CGNBs and APNBs before and after NVZ designation provide an 

insight into how nutrient surpluses have changed following legislation. The agricultural parish 

approach means that the study has allowed assessment of differences between cropping 

compositions in agricultural parishes. Elsewhere in the EU, cropping patterns have been 

shown to influence N budgets (Cameira et al., 2019) and so this was useful to explore in these 

Scottish agricultural parishes. However, in this thesis the influence on NBs appears to be both 

the change in inorganic fertiliser application rates as well as the cropping pattern within 

agricultural parishes. The results that focus on individual crops are useful going forward when 

considering cropping rotations over numerous years. The most representative governmental 

inorganic fertiliser data has been used in the nutrient balance calculations, with the 

SFPS/BSFP fertiliser data being the most comprehensive. Inorganic fertiliser use is directly 

controlled by the farmer and in the case of N, post-NVZ implementation, it is regulated, unlike 

other inputs. Thus, an exploration of nutrient use within farming systems, was able to reflect 

upon collective farmer management. The nature of the approach is transferable and thus 

could be used for other agricultural parishes in Scotland or indeed elsewhere within the UK. 

Furthermore, the partitioning of the N budget offers a unique insight into the fate of the N 

balance. Ultimately, it is not the nutrient balance per se, but the fate of the N balance that 

determines environmental impact and therefore an attempt to provide a broad outline of 

possible emission fluxes is vital information for policy makers and can be used to benchmark 

the contribution of different agricultural systems which latterly can be cross-checked against 

policy objectives. On the whole, the results help indicate the NBs of crops and the 

contribution of cropping at agricultural parish level, and thus provides an indication of 

potential environmental impact. 
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 Methodological Limitations 
 
Breadth vs. Detail 
There are always challenges in providing an evaluation framework that can provide an 

overview with enough detail (Oenema et al., 2003; Watson et al., 2002). This is due to the 

breadth of the study, focusing on a range of agricultural parishes, rather than individual field 

studies at the field scale, where intricate site details can help to draw conclusions. This is a 

conundrum for policy but given that action needs to take place sooner rather than later and 

that environmental impact is a collective effort, the broad approach used in this chapter 

provides structure going forward.  

Fertiliser Application 
As for the SFPS/BSFP, these records cite total figures, meaning that there is no indication of 

specific agricultural management, but are considered the best datasets to represent fertiliser 

data, and as such have been used to estimate emissions (Feliciano et al., 2013). It is expected 

that there is some adherence to the recommended rates in the field and thus changes in both 

datasets could be in-line with each other, but this is not clear to observe. It is important to 

note that there are changes in methodological approaches over time, for example, the 1993 

technical note for oilseed rape was based on the economic use of fertiliser (SAC, 1993a), but 

latterly on crop requirements, which may cloud comparison of recommended rates over 

time. 

 
In order to place the BSFP data in context, it should be noted that between 2002 and 2014, 

14.2% of Scottish agricultural land was within an NVZ area (Scottish Government, 2014e; 

Speirs, 2015). Further to this, in 2014 (year that ends post-implementation period) 59% of 

land in Scotland was rough grazing or common grazing land (Scottish Government, 2015a) 

and thus this proportion of land will not receive N applications or other fertiliser applications. 

This means that most of the land area in Scotland is not receiving or should not be receiving 

restricted fertiliser application. This case is even greater case than the case for the pre-

implementation period, when NVZs did not exist and thus the SFPS/BSFP for this period is 

more likely to have be representative of practice. Given the context above, this means that 

in the post-implementation period ~35% of land that is receiving fertiliser is within an NVZ 

area and this is what Scottish BSFP/SFPS application rates refer to. As a result, the BSFP/SFPS 

data could over-estimate inorganic fertiliser application rates. 
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Furthermore, attitudes within Scottish NVZs are believed to have become more positive 

2002–2011 (two-year difference from the post-implementation period used in this study) 

(Macgregor & Warren, 2016) which could explain a general reduction in nutrients in the latter 

period. Broadly it is recognised that as fertiliser prices increase, nutrients are better 

managed, which Williamson (2011) assessed with reference to the nitrogen price. 

Furthermore, some farmers will test their soil, to assess the rate of application, and where 

this takes place applications have been found to be lower than where not tested 

(Williamson, 2011). However, whilst soil testing is likely to have increased within the post-

implementation period, there are limited records of soil testing. The area devoted to WOSR 

and SOSR has increased since the last studies concluded in 1994. Oilseed rape has become a 

favoured break-crop between the growth of potatoes and cereals and an increase in this crop 

is observed by 2014, largely due to phytosanitary considerations 

 
JAC Data Challenges 
There are also challenges in the underlying dataset on area of crops contained in the JAC. 

Broadly, the JAC data becomes more robust over time, but this does mean that historic NBs 

may be not as robust. From 2009, SAF (Single Application Form) data, which is part of the 

Integrated Administration and Control System (IACS) is used, as well as mapping data, rather 

than relying on direct surveying of holdings. The Scottish Government believe this has 

increased accuracy of the figures given that they now have data for all of Scotland rather 

than 70% previously (personal communication with Jaye Ware, assistant Statistician at the 

Scottish Government 15th of April 2016). This is because not all farmers completed the JAC, 

despite it being a legal requirement. As such from 2009, there are more reliable land area 

estimates going forward with 100% of holdings forming that dataset.  

For questions regarding the land area dedicated to grass, the SAF used the same definitions 

until 2014 as the JAC (personal communication with Jaye Ware, Assistant Statistician at the 

Scottish Government 15th of April 2016) and this is consistent with the previous JAC. On the 

other hand, Scottish Government statisticians note that more guidance was provided in the 

notes for the SAF forms about land that should be ‘grass’ and what constitutes ‘rough 

grazing’. It is difficult to ascertain whether these notes affected the responses. However, if 

this guidance was observed by the responding farmers, it would mean that from 2009, data 

on grass area is more likely to be robust and representative of agricultural area, consequently 

making the associated NBs also more robust. 
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As already explained, there is a general understanding of grass re-seeding patterns, but 

precise details are scant. In the future, greater focus needs to be drawn to the re-seeding of 

grass/clover in the future as much evidence at present is anecdotal or based on limited data. 

Currently leys are thought to be getting older (ADAS, 2018; Farmers Weekly, 2017) and in the 

dairy sector reduced milk prices are not providing an economic incentive to improve 

grass/clover leys (Farmers Weekly, 2017). Providing an economic argument in terms of 

reducing fertiliser input costs is therefore likely to be advantageous. 

N fixation limitations 
Whilst these initial findings highlight some factors that may influence CGNBs and APNBs, 

some methodological limitations limit the conclusions that can be drawn from these. More 

detail for grass and grass/clover swards are needed in relation to N fixation rates as well as 

the management of grass, particularly within the grass < 5 years category. For example, 

modern clover varieties do not impede N fixation as much as older varieties (DairyCo, 2010). 

Despite this knowledge, there is no indication of the extent that farmers adhere to the advice 

from ADHB which would enable them to maximise N fixation and also maximise yields. 

Furthermore, grass leys are known to decline by approximately 2 t ha-1 between years two 

and year five (Farmers Weekly, 2017), but currently only assumptions can be made on grass 

age as further details are not provided in the JAC. Furthermore, following methodological 

changes in 2015 (after post-implementation period) the extent to which grass moves 

between grass categories are also clouded with uncertainty.  

The use of clover within grass/clover swards is a climate mitigation strategy. N fixation 

provides scope to reduce GHG emissions because N that is fixed is not released as N2O 

(IPCC, 2006). There are indications that farmers in the north east of Scotland would be willing 

to adapt and make better use of clover if necessary (Feliciano et al., 2014). Whilst there is 

limited focus on this within agricultural systems in the area at present, more competitive 

grass/clover data could help to show the improvements and opportunities for N fixation. 

Inorganic fertiliser data limitations 
Agricultural parish level data does have limitations, namely that no fertiliser data is collected 

at the catchment or agricultural parish level in Scotland. Average inorganic fertiliser 

application in Scotland is based on SFPS and BSFP datasets which represent the average 

practice across Scotland, rather than the management of the crop in an individual field. 

Currently there is no data split between NVZ and non-NVZ areas (Fernall, 2015) but such a 
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split would be advantageous for a more robust assessment of NVZ management. Indeed 

elsewhere, such as in the Netherlands, there is also a belief that more appropriate fertiliser 

statistics would offer benefits for nutrient budgets, particularly details on the type of fertiliser 

that is used (Geertjes & Denneman, 2014). It is interesting to note that in other member 

states which have taken on board the Nitrate Directive, whole countries have been 

designated. In the UK where there are designated areas that are NVZs there is an opportunity 

to compare management between NVZ and non NVZ areas. To improve the accuracy of the 

comparison, a split in fertiliser data is required. Even then, there would be challenges in that 

this would not line up with the area data, which is represented at agricultural parish level. To 

help to further understand nutrient practice linking elements of the ‘Survey of Farm Structure 

and Methods’ (Scottish Government, 2019b) with the JAC would help to further 

understanding. Then again, caution would need to be taken in that the JAC is annual, but the 

‘Survey of Farm Structure and Methods’ is only produced every 3–4 years. The comparison 

with SAC/SRUC recommended rates allows some inferences to made on whether application 

rates are typical of recommended rates or have a relationship with the recommended rates. 

Other factors such as price have been found to influence fertiliser use (Williamson, 2011) but 

the strength of price as an influencer against recommendations is not determined.  Any such 

improvement in understanding fertiliser use, also provides an opportunity to improve 

estimates of emissions (Geertjes & Denneman, 2014). 

 
As true as it was in 1983, it is still not possible to deduce the type of N fertiliser (beyond 

straight or compound) that is used on particular crops or grass and from the BSFP. This is 

important given that it has been identified that the application approach and type can 

directly affect N2O-N emissions (Cardenas et al., 2019; Harty et al., 2016;  Smith et al., 1998). 

All the limitations outlined above are important to consider, as the limitations of government 

datasets used in the approach will affect the limitations of the emissions calculations. The 

SFPS/BSFP and JAC were established before the National Atmospheric Emissions Inventory 

(NAEI), which means that emissions inventories have been produced for the best approach 

to consider emissions. The SFPS/BSFP were built solely to assess fertiliser use and the JAC to 

show cropping areas and thus emission calculations were not at the forefront when devising 

categories for data presentation. A review of categories, which could help to provide 

consistency and thus help to interlink datasets would provide better clarity in the calculation 

of emissions from the agricultural sector going forward.  
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Further to this, the methodology in this chapter has referenced that for some years data has 

been omitted at the Scotland level such as within BSFP data. Furthermore, there are changes 

in how crop types have been classified within the JAC across years. Subsequently the chapter 

uses assumptions for the most reliable estimates. Consistency between datasets going 

forward would help to build more robust nutrient budgets between years. Any such 

improvements with this will also help to provide more reliable estimates of N losses. 

 
Straw and residue incorporation limitations 
Straw production is a limitation at present as there are only estimates of the proportion of 

straw that leaves and stays the farm. In a similar fashion to Bell et al (2018), the methodology 

in this chapter also cites Copeland & Turley (2008), as this is a key resource on straw 

production with the exception of Defra’s straw summary (Defra, 2017). There are two key 

implications of uncertainty in straw data, firstly uncertainty in nutrient outputs 

(Cameira et al. 2019) and secondly, challenges in understanding crop residue incorporation 

which can implicate for N2O–N emissions (Baggs et al., 2000). As oilseed rape straw is typically 

left on the farm (as described earlier in methodology) this leads to higher N2O–N emissions 

as a result of this incorporation. In Scotland, post 2014, oilseed rape appears to being baled 

at greater levels with 20% of the harvest baled where previously levels of below 1% were 

baled (Norton, 2018). If this were to continue with straw being removed from the farm this 

would significantly alter the N fluxes.  

Residue incorporation is complex. There are clear advantages of residue incorporation in 

terms of improving soil organic carbon (Chivenge et al., 2007; Clay & Mishra, 2018) a factor 

which is important for soil health (see Chapter 2). At the same time, residue incorporation 

leads to N2O emissions (Baggs et al., 2003) with irregular residue incorporation believed to 

accelerate N2O emissions. The timing of residue incorporation has been found to affect N2O 

emissions (due to microbial activity and decomposition rates) (Baggs et al., 2000). Whilst 

Baggs et al. (2000) has explored these emissions in an experimental setting, characteristics 

at field level are diverse and thus this makes it a challenge to understand N2O emissions at a 

larger scale. Current knowledge of straw and residue incorporation from government data is 

limited and thus a challenge to consider at the agricultural parish level.  

IPCC Partitioning Factors 
It should be remembered that nutrient budget partitioning is a useful indication of N2O–N 

derived from nutrient surpluses. Whilst the results of the partitioned nutrient budgets are 
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useful from a benchmarking perspective, caution should be taken over specific values. This is 

because, the uncertainty ranges for the emission factors used to partition the nutrient 

budgets are very large (see section 3.2 in relation to IPCC estimates (IPCC, 2006)). As a result, 

this uncertainty is carried forward into the nutrient partitioning calculations and thus 

influence the results. However, given the 31-year period of assessment and lack of emissions 

research earlier in the time period, the default factors are the most suited emission factors 

available and thus provide an indication. Going forward the national emissions inventory 

could be useful for comparison (Committee on Climate Change, 2019).  

 N balances are influenced by Inorganic N application 
rate 

Comparing the findings in this study with findings within other NVZs, the average N balance 

surplus (based on SFPS/BSFP application rates) for arable crops in Scotland has been 

calculated as 83.7 kg N ha-1 yr-1 (Macgregor & Warren, 2016). Similarly, swedes and turnip 

CGNBs in the Ythan catchment report a similar surplus mean surplus of 84.91 kg N ha-1 yr-1 in 

the post-NVZ implementation period. CGNBs in the Ythan catchment (for arable crops) were 

found to have a surplus of between 9.64–94.57 kg N ha-1 yr-1 in the pre-implementation 

period and -25.83–84.91 in the post-implementation period. On average, CGNBs were 

typically at least 25 kg N ha-1 yr-1 lower in the pre-NVZ implementation period and 

approximately 40 kg N ha-1 yr-1 lower in the post-NVZ implementation period based on 

SFPS/BSFP data. In this chapter, CGNB and APNB nutrient balances have broadly declined 

following NVZ legislation as shown within Tables 3-20 and 3-25, such a trend that has also 

been observed in Germany, although in Germany balances in the first few years of 

implementation shows a 50% reduction of the nutrient balance (Henkel, 2005) that is not 

seen within the Ythan catchment agricultural parish. Across the pre and post-implementation 

periods, the spring barley N balances are relatively consistent based on SFPS/BSFP 

applications. This seems to be influenced by N fertiliser application being carefully managed 

as barley used for malting has a maximum N content due to the greater financial payment 

that farmers receive if spring barley is used for distilling rather than feed. Consideration of 

cropping rotations in the Netherlands has been found to be a useful tool (Groot et al., 2012) 

and in this study cropping patterns (Table 3-23), as well as fertiliser application rates have 

influenced the APNBs.  
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 Understanding N losses help to place current emission 
estimates into perspective 

By partitioning the N balances, the contribution of the N balance in terms of N2O-N direct 

losses, and by volatilisation and leaching (Elser & Bennett, 2011; SAC, 1992) can be 

determined as well as the N that remains in the soil. N2O—N losses on the whole decrease in 

the post-NVZ implementation period. This follows the work of Velthof et al. (2010) who 

believe such reductions are due to the Nitrates Directive, which is responsible for a 12% 

decline in N2O—N emissions in the UK between 2000–2008. The N2O—N calculations are a 

broad indication of losses (as is the case for the emissions inventory) but help to complement 

policymakers with the opportunity to target nutrient surpluses based on N fertiliser 

application and N2O—N reductions by crop type. Been the pre and post-implementation 

period the contribution of leaching to loss of N via leaching is at most 1.5 kg N ha-1 y-1r in total. 

Leaching increases for four agricultural parishes by the post-implementation period, but 

remains constant or reduces for the remaining eight agricultural parishes. In terms of direct 

emissions three parishes observe an increase in N2O loss, but it is largely constant for the 

remaining parishes. Volatilisation is the most variable of all the N loss routes assessed in this 

chapter; both in terms of comparing time periods and agricultural parishes. This is likely to 

be the case for several reasons. Firstly, it is known that tillage impacts N2O—N emissions, 

with areas where no tillage takes place in Scotland have been found to have higher N2O—N 

emissions than where tillage does take place (Ball et al. 1999). Furthermore the amount of 

residue incorporated does depend on crop type and residue incorporation has been found 

to increase N2O—N emissions. Losses can be varied by rate of decomposition, as slow 

decomposition will result in a slower process (Baggs et al., 2000).  However, practice within 

agricultural parishes are not known, and so valatilisation rates will differ depending on actual 

residue practice. In a similar light, soil wetness and soil drainage in the agricultural parishes 

are not known, which provides some uncertainty given that Lilly et al. (2003) has identified 

that poorer soil drainage leads to higher N2O—N emissions. It has also been said that crops 

that experience a low C:N ratio leads to higher emissions compared to those with high C:N 

ratios (Baggs et al., 2000).  

To date, studies  have assessed emissions in north east Scotland (includes Ythan catchment) 

(Feliciano et al. 2013) and in other areas of Scotland (Lilly et al., 2003) and these studies as 

much as this chapter have highlighted data limitations. A Scottish field study found that in 

terms of direct N2O—N emissions per unit of N applied, potatoes had the highest emission 
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rate, followed in order by barley, grass and wheat (Smith et al., 1998). For the Ythan 

catchment, the highest emission rate by crop was potatoes. Barley had some of the lowest 

emissions rate of all crops in this chapter. This is similar to the work of Dobbie et al. (1999) 

which also found similar findings with this chapter in that N2O–N ha-1 emissions were deemed 

to be greatest for potatoes and oilseed rape, but lowest for winter wheat and spring barley 

(Dobbie et al., 1999). Baggs et al. (2000) found that the highest emissions were derived in 

order from highest to lowest: oilseed rape, grass/clover swards and wheat. When based on 

land area, potatoes and cut (ungrazed) grassland provided N2O—N emissions in the region of 

1.0–3.2 kg N2O–N ha−1 due to crop residues, with winter wheat and spring barley producing 

0.3–0.8 kg N2O–N ha−1 (Smith et al., 1998). Ploughing grass swards up to 0.25m has been 

found to increase N2O—N emissions in Scottish agricultural systems (Baggs et al., 2000). In 

this chapter however, it was not possible to determine specific agricultural management 

using government data. In general, the less fertiliser that is applied, N use becomes more 

efficient and there is a reduction in N2O—N emissions from soil (Baggs et al., 2000). At a 

broader level understanding how IPCC calculations compare with the UK emissions inventory 

(NAEI, 2019) is a useful exercise to ascertain how robust the calculations are. A more recent 

study, Myrgiotis et al (2019) based on a dynamic deterministic model has estimated that in 

Scotland N2O emissions are likely to be lower than what is estimated within the IPCC emission 

factors. Work conducted in the field by Bell et al (2015) also suggested that the emission 

factors are lower than the IPCC (2006) default emission factors. It has also recognised that 

winter oilseed rape in monoculture is responsible for a greater emission rate than other 

cereals. These findings demonstrate the complexity in calculating N2O—N emissions and the 

complexity is choosing the appropriate methodology. 

 P balances are an area of concern 
Without any further crop P supplements, there is indication that many crops are mining the 

soil for P, using P that becomes available through mineralisation and desorption. However 

where soils are acidic P dissolution can take place (Alloush, 2003), which provides a greater 

opportunity for leaching.  For most crops, P balances were lower in the post-implementation 

period compared with the pre-implementation period. This can be problematic for long term 

soil quality (Jones et al., 2013). Interestingly organic farm findings at the field level by Watson 

et al. (2002) also identified nutrient mining despite the methodology being a field study and 

on wholly organic systems. Recent data from a UK-wide soil testing centre have found that 

69% of arable soils, 66% of grassland soil and 69% of vegetable and bulb soils were not an 
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the target P value (Cawood Scientific, 2019) which is indicative of soil mining taking place. 

Despite changes between pre and post-implementation periods, there have been no 

regulatory controls of P applications in Scotland, only on N. It is stated in the literature that 

P typically accumulates in the soil, with typical soil losses in the UK estimated at 1 kg P ha-1 yr-1 

(Withers & Lord, 2002). It has been estimated that 25% of P used in agricultural production 

is transferred to the end-product, with the main loss being accumulation within agricultural 

soils (Ott & Rechberger, 2012). As a result, existing soil P stocks are being used when P 

balances are in deficit not negatively impacting the yield. This mining of the soil can only go 

on for so far until there is an impact on yield and is considered sustainable as long as mining 

is within an appropriate capacity within acidic soils (Nair et al., 2020). P testing is now a 

recommendation in Scotland (SRUC, 2015) and going forward soil testing can help to indicate 

where P needs to be applied (Buckley et al., 2016), but such a recommendation in itself also 

suggests soil testing has not been widespread in the sector. In 2015, after the 

post-implementation period in this study, SRUC recommendations specifically outline that 

there are differences in P sorption capacity and these should be considered (SRUC, 2015) and 

fertiliser requirements adjusted accordingly (Rollett et al., 2017). 

 
Conversely to Scotland, in Northern Ireland, regulations were implemented to control 

phosphorus from 2014 (DAERA & Northern Ireland Environment Agency, 2018) and from 

2006 in the Republic of Ireland (Buckley et al., 2016). Despite the differences in legislation, 

increases in P application between the pre and post-implementation periods (years in this 

study) were found in field studies in Ireland between 2010–2013. Where spring barley was 

the predominant crop, it was found that average P inputs increased by 3 kg P ha-1 yr-1 and for 

winter wheat 10 kg P ha-1 yr-1 (Mcdonald et al., 2019) at the catchment level. Whilst the whole 

of Republic of Ireland and the Ythan catchment have been legislated for in terms of N, to 

respond to the Nitrates Directive, the Irish field sites differ as the Republic of Ireland has 

recently been subjected to P regulations. Even where there were increases in P application, 

deficits still existed for 50% of the area of these Irish agricultural catchments (Mcdonald et 

al., 2019), a result that appears to be linked to cropping pattern changes. NBs for winter 

wheat and winter oilseed rape were in deficit (Mcdonald et al., 2019); a similar finding to the 

CGNBs shown in this chapter for the Ythan catchment. Buckley et al. (2016) also identified 

arable P balance deficits in an alternative study.  
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Consistently low P has agricultural implications, for example on yield. This is particularly 

important for the clover which is affected more than grass (SRUC, 2015) and deficiencies will 

have an implication for N fixation (Høgh-Jensen et al., 2002). This shows that N is affected by 

other nutrients in the agricultural system and thus there is a need for better understanding 

of grass/clover practices. 

 
Despite there being no current P controls in Scotland, there is interest in assessing P use 

indicative of the discussion about country-wide phosphorus balances within the European 

Union that have taken place (Environmental Protection Agency, 2001). Given such findings 

perhaps there is need to develop a UK P balance, simultaneously alongside the demanded N 

balance given the interactions that affect nutrient management. 

 
The antithesis to the findings discussed above is that, ‘legacy P’ continues to pose leaching 

challenges. ‘Legacy P’ is the term used to refer to P that is not used by the plant, as surplus 

to requirements, but remaining in the soil and in some P surplus areas, a deficit has been 

advocated where ‘legacy P’ exists (Withers et al., 2014). The Ythan catchment is classified as 

‘3’ on the phosphorus sorption capacity (PSC), meaning that the soil has a high sorption 

capacity (SRUC, 2015) and thus legacy P in the area is more likely to exist. Without extensive 

records of P application over time this is difficult to determine. Even where ‘legacy P’ exists, 

P application is still likely to be needed as the P is in the soil, but not as available to the plant 

(SRUC, 2015). It therefore means that crops need to receive appropriate P, which can perhaps 

benefit from more precise application, the extent of which is not able to be assessed from 

government data. 

 K and P balances are typically in deficit 
Potassium CGNBs for many crops are in deficit, both in the pre and post-implementation 

periods, which mines the soil, and subsequently results in APNBs are also largely in deficit. 

For example, it was found that agricultural parishes which grow a significant proportion of 

potatoes are typically in K deficit. It is therefore not a surprise that in the UK 70% of arable 

soils, 75% of grassland soils and 82% of vegetable and bulb soils are in K deficit (Cawood 

Scientific, 2019). For example, N use efficiency may decrease where K levels are low (Defra, 

2018a; Mengel et al., 2001).  

 
The implications of K deficits will impact the growth of crops differently. For example, grass 

can tolerate a low soil K status, which contrasts with rootcrops (potatoes or swedes/turnips) 
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which require a high K status (SAC, 1992) in comparison with other crops assessed in this 

chapter (Defra, 2018a; Mengel, Konrad & Kirkby, 2001). However, there is a mixed picture in 

term of K application for rootcrops, with potatoes receiving more than the recommended 

rates in the SFPS/BSFP and swedes/turnips receiving less (Table 3-17 and Table 3-18). 

Perhaps this awareness at the farm level, as well as the common foundation that potatoes 

have a high responsiveness to K (Widdowson et al., 1965), influences high inorganic K 

application to potatoes. Another compounding reason could be the determination of the 

SAC/SRUC recommended rates for this thesis, for example, recommended rates refer to a 

range of different K applications for swedes/turnips. It would not be surprising for K 

application to have decreased if N has also decreased, on the basis that combined fertiliser 

applications take place on farm and where N, P and K proportions have not been readily 

considered. Furthermore, unlike other vegetable crops which will be contracted and grown 

according to supplier or supermarket demands (Scottish Government, 2017d), this is not the 

case for non-shopping swedes/turnips which are grown for use in livestock feed and as a 

result nutrient management may be very different for these crops. 

 N balances and N management 
There is some indication that since publication of the SAC/SRUC technical notes that the 

directional trends outlined in the technical notes are being implemented in practice. A 

potential reason for this is that systems such as PLANET (see Chapter 2) (available during the 

latter years of the post-implementation period), guide application rates based on the SRUC 

technical notes and account for NMax limits (Genever, 2013). This is defined as the maximum 

N application limit per crop in an NVZ (Richards & Genever, 2012) and thus some holdings 

have taken advantage of the approach. However, because not all farms in Scotland are 

constrained by NVZ guidelines, actual application rates may be different. 

 The future of nutrient budgets as an evaluation tool 
 
Tools 
Measuring and assessing fertiliser use will continue to remain an important feature as long 

as nutrient management is deemed an important part of policy from both an environmental 

and economic perspective. New tools are continually being devised to support farmers with 

nutrient management. The range of tools which now support nutrient management such as 

PLANET (ADAS, n.d.) combined with concerns about fertiliser cost (SAC 2008; Bell 2018) and 

subsequent farm margins has provided broader awareness to reduce nutrient use 
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(MacLeod et al., 2009). In the UK, the MANNER-NPK (MANure Nitrogen Evaluation Routine) 

tool has been available as a decision support tool incorporating NVZ limitations and has been 

congruent with SAC technical notes and Defra guidelines. Going forward the ‘Farm 

Sustainability Tool for Nutrients’ (FaST) is a new tool (European Commission, 2019) which 

aims to support nutrient management decisions by using information from administrative 

bodies (e.g. Scottish Government). Given that there are methodological challenges of using 

governmental data (as already highlighted in the chapter), consideration of these data 

implications should be considered in future work. The capacity for tools such as nutrient 

budgets to support policy has been demanded in Scotland by Nourish (2017) in the form of a 

Scotland wide N budget, to help determine Scotland’s contribution to N emissions. The work 

in this chapter provides a framework for an N budget approach that could be built at 

agricultural parish level across Scotland. 

  
Policy 
From a policy perspective, it is preferential to manage fertiliser use within agricultural 

systems as this is more cost-effective in minimising environmental impact, than latterly 

controlling or mitigating environmental impact (United States Environmental Protection 

Agency, 2015).  Farmers are already under obligation to reduce N inputs, but it has been 

found that where there is uncertainty of the benefits, farmers are less likely to mitigate and 

improve agricultural practices which will reduce N2O—N emissions (Smith et al., 2007). In 

many ways, rather than the agricultural parish level being sought as a way to upscale farm 

level data, it should be treated a useful mechanism which has the opportunity to motivate 

farmers. Reducing ‘leaky’ nutrient budgets and using the agricultural parish as a boundary 

for farmers perhaps provides a more localised approach for efficiency. 

 
Ythan catchment: Future Cropping, Climate Change and Scenarios 
Future cropping options will be affected by climate change, and effect climate change due to 

contributing to the effect of emissions (Rounsevell & Reay, 2009). One impact of climatic 

changes are changes to rainfall and temperature changes which will affect mineralisation 

rates as well as leaching rates (Ferrier et al., 1995). Improving N efficiency will reduce nitrous 

oxide emissions which will help to reduce the burden of GHG emissions in the sector. Specific 

cropping management such as using perennials, or extending crop rotations, can provide 

opportunities to reduce N2O—N emissions (Rounsevell & Reay, 2009). It is known that the 

Ythan catchment area is likely to have greater flexibility in cropping systems as the climate 
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changes (Brown et al., 2008) meaning that all the main crops in this study can be grown with 

perhaps the addition of new crops. Some crops offer the potential to reduce emissions 

(Flynn et al, 2005), and so cropping change will also be important as well as direct 

management. One estimate has suggested that by 2080, N2O—N emissions may be 14% 

greater in Scotland than what they are at present, if fertiliser and crop management does not 

change (Flynn et al, 2005). CGNBs and APNBs are well placed to highlight the contribution.  
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Chapter 4 Livestock Nutrient Budgets 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-1: Graphical representation of the relationship Chapter 4 has with other chapters. 
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Specialised livestock systems have become more commonplace than mixed farming systems (Asai 

et al., 2018; Peyraud et al., 2014; Ryschawy et al., 2017). As a result, the nutrient cycle is disrupted 

which means that nutrients can accumulate within intensive livestock systems (Goulding et al., 

2008; Rufino et al., 2014; Macgregor & Warren, 2006) producing larger nutrient surpluses than 

within arable systems (Svanbäck et al., 2019; Alexander et al., 2017; Bouwman et al. 2013). 

Furthermore, it is not possible for livestock to assimilate all the nutrients from feed and thus these 

farming systems are inefficient, with surplus nutrients being lost as excreta (Biagini & Lazzaroni, 

2018) leading to nutrient surpluses (Goulding et al., 2008). Simultaneously inorganic fertilisers have 

become low costs inputs, and thus arable systems have relied on them (Peyraud et al., 2014). In 

doing so,  organic manures from livestock systems have been neglected (Edwards & Withers, 1998). 

The focus of livestock within this chapter is shown in Figure 4-1.  

 
In order to minimise the waste of nutrients, agricultural systems should be ‘closed systems’ 

whereby livestock nutrients that are excreted are used efficiently and losses minimised 

(Leip et al., 2019). Understanding the nutrient balances of such systems highlights potential 

improvements for livestock systems, as well as indicate opportunities that may exist for better 

integration of crop and livestock systems. Where there are large distances between crop and 

livestock systems there are likely to be transport challenges, with organic manures not being able 

to be easily moved to cropping areas (Watson et al., 2019; Peyraud et al., 2014). Furthermore, the 

excessive distances involved may mean that bagged fertiliser is more cost effective, than gaining 

the equivalent nutrients from transporting manure, despite excreta being a co-

product (Leip et al., 2019). In contrast, within mixed farming areas, excreta can be used locally. The 

ability for manure to be used more locally is explored later within Chapter 6.  

 
In this chapter (see Figure 4-1), livestock nutrient budgets (LNBs) were produced for different 

livestock types and APNBs were produced for livestock systems within Ythan catchment agricultural 

parishes. These LNBs and APNBs have determined the nutrient content of excreta produced. This 

is important because the excreta produced is dependent on typical feed and livestock type amongst 

many other factors (Sebek et al., 2014). Furthermore, the nutrient balance of excreta on 

commercial farms is not always calculated, and where it is, access to these data is challenging 

(Watson et al., 2002). However, if manure is to be better managed within NVZ areas, understanding 

the nutrient content is important. Other studies have highlighted that there needs to be greater 

understanding of excreta (Lim et al., 2019). Feed, livestock transfer, animal production (meat, milk, 
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eggs and wool) and excretion are the main fluxes from livestock systems. Feed inputs determine 

outputs such as meat and excretion and thus nutrient budgets are a useful model. For example, 

where feed contains high proportions of N, it can be increasingly challenging for livestock to 

assimilate these N levels and thus high levels of excess N are excreted (Goulding, Jarvis, et al., 2008). 

Likewise, high levels of P in feed concentrates are also considered to be the reason for high P 

nutrient surpluses (Goulding et al., 2007). Consequently, the most efficient diets are those that are 

correctly formulated to develop healthy livestock whilst also minimising environmental impact and 

maintaining economic efficiency within the agricultural system (Vaughan, 2018). 

 
LNBs and APNBS within this chapter were produced using a similar premise to the arable CGNBs 

and APNBs presented in Chapter 3. There are continued comparisons between the 

pre-implementation period (1983–1999) and the post-implementation period (2004–2014) which 

helps to assess how nutrient management has changed since the Ythan catchment NVZ was 

designated (Chapter 1). Consequently, this helps to indicate where nutrient efficiency needs to 

improve going forward. Producing APNBs for major livestock types in the Ythan catchment helps to 

understand the contribution of different livestock to nutrient management within this area. This 

approach was deemed beneficial, given that regional specialisation of livestock production exists 

(Peyraud et al., 2014). Furthermore, whilst quantitative data on excreta is available at a national 

level and regional level, local level data is limited (Sheldrick et al., 2003). However, despite local 

data being limited, efforts that have gone into Chapter 6, where farmers have been surveyed, 

including questions regarding feed, which latterly can be compared with the results of Chapter 4. 

Standard Scottish excreta values, e.g. SAC/SRUC rates are standard values and thus a distinction 

between excreta from animals under different management systems is not made (Rufino et al., 

2014). These values are also used for farm management at the farm level. Therefore, this chapter’s 

approach, which does not rely on standard values and assesses excretion, is an important 

contribution.
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Nutrient Balance 

 

 Methodological approach for Chapter 4 
A visualisation of the general methodological process used is shown in Figure 4-2. 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-2: Methodological approach used to calculate LNBs and APNBs based on the following 
livestock groups: Dairy, Beef, Sheep, Pigs and Poultry.  
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 Selection of agricultural parishes and livestock 
The Ythan catchment agricultural parishes were selected using the same methodological approach 

in Chapter 3. Furthermore, the same time intervals were also selected again, these being; the pre-

implementation period (1983–1999), the implementation period, and the post implementation 

period (2004–2014). Livestock were selected using livestock number as an indicator of significance 

within the Ythan catchment resulting in dairy, beef and other cattle, sheep, pigs and poultry sectors 

being selected. Given the data available on livestock numbers, it was assumed that livestock 

numbers remained constant throughout the year. For the purposes of this chapter, these are 

collectively from this point forward these are regarded as the main livestock groups.  

  General Nutrient Budget Approach for livestock 
 
Livestock Nutrient Budgets (LNBs) 
For the pre-implementation period and the post-implementation period, LNBs for N, P and K were 

assessed on a kg T ha-1 yr-1 basis for each livestock grouping, as referenced above. Livestock 

numbers were converted using livestock units (see Table 4-1). In similar fashion to CGNBs 

(Chapter 3), LNBs were calculated using Equation 4-1 where T represents either nitrogen (N), 

phosphorus (P), or potassium (K). The nutrient inputs are represented by 𝑰𝑻 which includes feed. 

Home-produced feed was inputted into the calculations, given that in Chapter 3 all crops were 

treated as being removed or sold at that stage. Nutrient offtake (O T) refers to eggs, meat, wool and 

milk. Any surplus/deficit forms the LNBT. A schematic representation is shown in Figure 4-2. 

 

𝑳𝑵𝑩𝑻 = 𝑰𝑻 − 𝑶𝑻                                             (Equation 4-1) 
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Table 4-1: Table Conversion Factors to Livestock Units(1). 

(1) Figures obtained from Nix (2003). 
(2) The JAC uses the Cattle Tracing System (CTS) data in the survey results from 2006. 
 

Agricultural Parish Nutrient Budgets (APNBs) for livestock 
The LNBs (T) for both the pre-implementation and post-implementation periods were then 

aggregated to the agricultural parish scale using the approach as shown in Equation 2 and outlined 

in Figure 4-2. For each of the three macronutrients, N, P and K (kg T ha-1 yr-1), the change in the 

nutrient balance (inputs–offtake) was calculated with the remaining nutrients being treated as the 

excretion (manure and slurry). As the excretion can be used to supply nutrients to crops (later 

explored in Chapter 5), the term ‘nutrient surplus’ was not used. LNB represents the total number 

of livestock units in the agricultural parish. Ap represents the agricultural parish area. Np represents 

the number of livestock categories. 

APNB =(∑  (𝑳𝑵𝑩𝒊/𝑨𝒑)𝑵𝑷
𝒊=𝟏 )                                (Equation 4-2)   

 

All APNBs were produced assuming that livestock was either held on farm for 365 days (52 weeks) 

or adjusted to a 365-day year equivalent, in the case of pigs and poultry. Standard rates of 

Class of Stock Livestock Units (LU) per head 
Livestock: Ruminants 

Dairy Cows (including suckling calves)(2) 1.00 
Beef cows (excluding calf)(2) 0.75 
Heifers in Calf (rearing)(2) 0.80 
Bulls(2) 0.65 
Other Cattle (0–1 year)(2) 0.34 
Other Cattle (>1 year old–2 years)(2) 0.65 
Other Cattle (> 2 years old)(2) 0.80 
Ewes (including suckling lambs) 0.11 
Breeding ewe hoggs (0.5–1 year) 0.06 
Other sheep (over 1 year) 0.08 
Store lambs, under 1 year 0.04 
Rams 0.08 

Livestock: Monogastrics 
Gilts in Pig 0.20 
Breeding Sows 0.44 
Boars 0.35 
Other Pigs 0.17 
Cocks, hens, pullets in lay 0.017 
Pullets, 1 week to point of lay 0.003 
Broilers 0.0017 
Other table chicken 0.004 
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replacement livestock, to replace for mortality or slaughter, for all livestock were obtained from 

SAC/SRUC Farm Management handbooks (SFMHs) for the relevant year.  

Livestock Numbers and Livestock Groupings 
Annual livestock numbers within each agricultural parish were obtained from the JAC dataset 

(Scottish Government, 2016b). Whilst it is known that the JAC only provides a snapshot of livestock 

numbers in June, livestock numbers in this chapter were treated as being consistent until the 

following year’s June survey. Whilst the JAC categories tend to be similar for the pre and post-

implementation periods, methodological changes have occurred over the time periods, which has 

changed some categorisation. Most notably, from 2007, the government Cattle Tracing Scheme 

(CTS) has been used to record cattle numbers rather than obtaining cattle numbers from JAC farm 

survey returns. Whilst the JAC datasets obtained from the Scottish Government still held JAC survey 

data for cattle for the years between 2007 and 2010, only data columns that referred to the CTS 

system were used to determine livestock number from this year forward. For all other livestock 

types, the JAC data was collected consistently. Whilst the ages and types of livestock are provided, 

the JAC does not indicate livestock breeds. Under these circumstances the Scottish Farm 

Management Handbooks (SFMHs) and expert local knowledge provided an indication of typical 

cattle growth stages. It was determined that suckler cows form the basis of the Scottish beef herd 

given payments under the ‘Scottish Suckler Beef Support Scheme’ (Scottish Government, 2019a). 

The lowland characteristics of the Ythan catchment meant that values for lowland suckler cows 

were used going forward. Relevant production information was therefore based on the specified 

lowland breed characteristics as outlined in the SFMH. The JAC categories are very comprehensive 

and so for clarity, it was necessary to re-organise into ‘livestock groupings’ to aid assessment of 

inputs and outputs (see next section). Livestock groupings are outlined below in  Table 4-2.  
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 Table 4-2: June Agricultural Census (JAC) livestock categories used to formulate LNBs and APNBs. 

(1) Since 2007, cattle number have been collected from the Cattle Tracing System and not directly from the JAC 

 
 
 
 
 

LNB/APNB 
re-categorisation 

Variables as displayed in JAC data Livestock categories used to 
formulate LNBs/APNBs 

Dairy Cows(1) Dairy cows and heifers in milk; Dairy cows in calf 
but not in milk 

Dairy 

Other Dairy 
Cows(1) 

Dairy heifers in calf for the first time: 2 years old 
and over; Dairy heifers in calf for the first time: 

under 2 years old; Other female dairy cattle 2 years 
old and over: for breeding; Other female dairy 

cattle under 2 years old: for breeding 
Beef Cows Beef cows and heifers in milk; Beef cows in calf but 

not in milk; Beef heifers in calf for the first time: 2 
years old and over; Beef heifers in calf for the first 
time: under 2 years old; Other female beef cattle 

under 2 years old: for breeding 

Beef and other cattle 

Other cattle Bulls for service 2 years old and over; Bulls for 
service 1 year old and under 2;  Other female beef 

cattle 2 years old and over: for breeding;  Other 
female cattle 2 years old and over: not for 

breeding;  Other male cattle 2 years old and over;  
Other male cattle under 6 months old;  Other male 
cattle under 2 years old;  Other female cattle under 
2 years old: not for breeding;  Other male cattle 6 
months old and under 1 year;  Other female cattle 

6 months old and under 1 year;  Other female 
cattle under 6 months old 

Sows and Gilts Sows in pig; Gilts in pig;  Gilts 50kg and over 
expected to be used for breeding;  Other sows for 

breeding; Barren sows for fattening 

Pigs 

Weaner Other pigs <20kg 

Rearer Other pigs 20kg-<50kg 

Finisher Other pigs 80kg-<110kg; Other pigs 50kg-<80kg; 
Other pigs 80kg-<110kg 

Other Pigs Boars for service; Other pigs 110kg and over 

Laying Hens Laying flock: Hens in 1st season; Laying flock: 
Pullets for laying; Laying flock: Moulted hens 

Poultry 

Broilers and 
Breeding Flock 

Broilers and other table fowls; Breeding flock: 
Cocks; Breeding flock: Females 
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 Ruminants-Inputs 
For ruminants, key feed sources are grass for grazing, hay and silage, cereals, and root-crops. The 

specific nutrient demands vary depending on the livestock type and livestock age. Grazing is a cheap 

feed (Barenbrug, 2017) which forms a significant part of a ruminant’s diet during the spring and 

summer months. Winter feeding periods (livestock housed) were adopted from SFMHs for the 

respective year. For both LNBs and APNBs, feed was calculated based on standard Scottish 

recommended ration values, as outlined in the SFMH. The N, P and K content of purchased and 

home-produced feed (including grass, grass silage, grass hay) was considered. Grass swards were 

deemed to consist of white clover and perennial ryegrass (Lolium perenne L.) as determined by 

using the same sward composition as within Chapter 3 (see section 3.2.5). The nutrient percentage 

of all feeds are shown within Table 4-3 or Table 3-5 (Chapter 3), if harvested in the Ythan catchment. 

In accordance with Domburg et al. (2000), locally produced feeds were assumed to be supplied to 

ruminants in accordance with feed type rations. Additionally, it was assumed that concentrates 

supplemented all diets when appropriate (i.e. limited grazing opportunities or specific growth stage 

requirements), according to the maximum amounts outlined within the SFMH. Concentrate 

composition was formulated taking into account of feed type limits as outlined in Table 4-4 to meet 

the energy requirements. Additional minerals are known to be supplied to livestock in the field. 

Where it was considered that minerals would have no implication on the balance of N, P, K nutrient 

budgets, these were not incorporated. 
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Table 4-3: Nutrient content of feed requirements including grass, grass silage, grass hay, white 
clover ryegrass swards and straw used for bedding. 

Feed Dry Matter (%) Nitrogen  
(%) 

Phosphorus 
(%) 

Potassium 
(%) 

Metabolisable 
Energy 

(MJ/kg DM) 

Crude Protein 
(g/kg DM) 

Rapeseed meal 88(1) 6.16(1)(2) 1.2(1) 1.30(1) 12.0(15) 400(15) 

Brewers’ grains(3)(13) 25(4)(5) 3.84(2)(5) 0.5(1) 0.05(1) 11.1(15) 200(15) 

Molasses (beet)(6)(13) 75(1) 1.2(1) 0.1(1) 4.50(1) 12.5(15) 100(15) 

Pot ale syrup 42 5.9(1) 1.9(9) 2.23(9) 14.2(15) 32% 

Wheat feed 86(1) 2.8(1)(2) 1.2(1) 1.50(1) 13.6(15) 115(15) 

Barley feed 86(1) 1.97(1)(2) 0.4(1) 0.52(1) 13.2(15) 115(15)(18) 

Linseed cake 88(5) 5.92(5)(2) 1.0(2)(7) 1.00(2)(7) 13.0(5) 37(5)% 

Sunflower Meal 88(1) 5.76(1) 1.2(1) 1.2(1) 9.5(5) 36(5) 

Biscuit Meal 88(5) 1.6(17) 0.01(17) 0.01(17) 15(5) 9.5 % 

Soybean meal(8) 88(1) 7.52(1) 0.7(1) 2.00(1) 13.8(5) 52(5)% 

Grass (fresh)(14)  2.56(1)(2)(11

)(19) 
0.4(1)(2)(11)(19) 0.5(1)(2)(11)(19)   

Grass silage(14)  2.14(1) 0.3(1) 2.50(1)   

Grass hay(14)  1.6(1) 0.25(1) 2.0(1)   

White 
clover/perennial 
ryegrass 

 3(11) 0.32(11) 2.2(11)   

Straw(12)(1) 87(12)(1) 0.64(12)

(1) 
0.15(12)(1) 0.1(12)(1) 6.3(15) 35(15) 

(1) According to Ewing (1997). 
(2) N values determined from crude protein using the Kjeldahl method. 
(3) Used to formulate grain-beet. 
(4) Midway point between 23–28% DM that is recorded depending on source of grain. 
(5) Values taken from Hendy et al. (2013). 
(6) Molasses are typically derived from food and drink industry Hendy et al. (2013). 
(7) Extraction value for Linseed Meal within Ewing (1997). 
(8) Based on Soya Lopro. 
(9) According to Wainman, Dewey and Brewer (1984). 
(10) Frame et al. (1998). 
(11) Newbould & Floate (1978). 
(12) Typically based on a combination of barley, wheat, oat, oilseed rape and legume straw. 
(13) Grainbeet is assumed to be a mixture of brewers’ grains and sugar beet (Hendy et al., 2013) at typical industry standard ratios of 
85% brewers’ grains to sugar beet (Farmers Weekly, 1998; SAC Consulting, 1999) using sugar beet pulp values from Feedipedia 
(Feedipedia, 2017) and Brewers Grains values from Ewing (1997). 
(14) For missing values, please see Table 4-5 in this thesis. 
(15) Based on SAC Consulting (2013) values. 
(16) Based on KW Alternative Feeds (2017). 
(17) Based on INRA (2019). 
(18) Similar across pre-implementation period (Partanen & Näsi, 1994) as well as post-implementation period. 
(19) May also contain white clover 
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Table 4-4: Concentration feeds and the maximum incorporation into the diet. 
 Maximum inclusion of concentrate in diet (%)(1) 
Feed Calf Dairy Beef Lamb Ewe 
Rapeseed Meal 5 25 25 5 20 
Brewers’ Grains 5 30 40 0 5 
Molasses (beet) 5 15 15 10 15 
Wheat Feed 20 30 45 20 30 
Oats 0 15 15 10 10 
Barley Feed 50 50 50 25 50 
Linseed cake(2) 7.5 20 20 7.5 20 
Stubble Turnips 20 50 50 25 75 
Soybean Meal 20 35 35 20 30 

(1) Values from Ewing (1997). 
(2) Values based on linseed meal in Ewing (1997). 
 

Grazing, aftermath grazing and grass mowed or cut 
In the first instance, the area of grassland within the ‘< 5 years old’ and the grass within the 

‘5 ≥ years old’ category was determined from these JAC data (see Chapter 3). For the purposes of 

this chapter, it was checked whether the grassland area could sustain all the livestock reported 

within the JAC for each year. However, these JAC data do not outline what such grassland is used 

for. Consequently, the percentage of grass that is used for grazing or mowing/cutting at Scotland 

level in areas not classified as less favourable, was applied to the grassland area within the Yhan 

agricultural parishes. Until 2009 (2008 JAC census year) the Economic Report for Scottish 

Agriculture also provided the end-use of grassland in Scotland within both grass categories (Scottish 

Executive, 1999, 2005, 2006, 2007; Scottish Government, 2008, 2009a; Scottish Office, 1984, 1985a, 

1986a, 1987a, 1988a, 1989a, 1990a, 1991a, 1992a, 1993, 1994, 1995, 1996, 1997, 1998). The end-

use for this grassland was stated as being either, grazing land, or being mowed/cut (silage or hay). 

Figures were obtained from the December Agricultural Survey, sometimes called the December 

Survey of Agriculture (DAS), for after 2008 and were used to determine the percentage of grass 

used for grazing and silage (Scottish Government, 2010, 2011, 2012, 2013, 2014b, 2015). A check 

was conducted to ensure the total grassland grazing area (grass < 5 years old and grass ≥ 5 years 

old) could sustain the total number of ruminants as listed by the JAC.  

 
All ruminants were treated as being fed grass area and silage or hay, for which the physical 

characteristics are outlined in Table 4-5. It should be noted that feed has changed over time, with 

a greater focus on the use of silage rather than hay, meaning that at UK level in 1985, ~70% of 

stored forage was silage (Raymond et al., 1986), which has since increased. Consequently, the 

presence of grass/clover swards was considered and the differences between the grass < 5 years 

and grass ≥ 5 years categories were accounted for. The amount of herbage (DM) generated from 
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this grazing, silage and aftermath grazing was determined using standard values as outlined in Table 

4-5. The optimum cutting date and associated properties of the cut grass depends on the livestock 

to which the silage will be fed (AHDB, 2011). The storage of the silage also affects the properties 

(AHDB, 2011), but as specific storage conditions are not known, average values from the literature 

have been adopted. It was determined that where silage was used in any of the ruminants’ diet 

(such as dairy), yield of silage was assumed to differ slightly between the time periods (Table 4-5). 

The nutrient content of grass swards for grazing were based on specific values as outlined in Table 

4-3. 
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Table 4-5: Silage, hay and grazing values(1). 
  Dry Matter (DM) Yield (t DM ha-1) Dry Matter (%) Metabolisable Energy Quality (MJ/kg DM) Crude 

Protein 
(g/kg DM) 

Years Grass < 5 years old Grass ≥ 5 years old Grass < 5 years old Grass ≥ 5 years old Grass < 5 years old Grass ≥ 5 years old  

Grass 
Silage 

1983–1999 6.00(5)(13)(12)(16) 4.00(12)(16) 24.00(13)(14)(15) 24.00(14)(13)(15) 10.90(2)(8) 10.90(2)(8) 130(18) 
2004–2014 6.00(5)(13)(12)(16) 4.00(12)(16) 24.00(13)(14)(15) 24.00(14)(13)(15) 10.75(6)(8) 10.75(6)(8)(19) 130(18) 

Grazing* 
 

1983–1999 10.00(4)(11)(12) 9.50(4)(11) 18.50(7) 18.50(7) 11.75(7) 11.5(10)  

2004–2014 10.00(4)(11)(12) 9.50(4)(11) 18.00(3)(8) 18.00(3)(8) 11.75(9) 11.5(10)  
Hay 1983–1999 5.22(16) 5.22(16) 85.00(18) 85.00(18) 8.6(17)(18) 8.0(18) 85(17)(18) 

2004–2014 5.22(16) 5.22(16) 85.00(18) 85.00(18) 8.6(17)(18) 8.0(18) 85(17)(18) 
*Containing clover where appropriate 
(1) Cross referenced with the values used in the previous chapter: Chapter 3.  
(2) Based on estimates as outlined in Chamberlain & Wilkinson (1996) of which the estimates are averaged from data from AFRC, 1993; MAFF 1992 and MAFF 1986.  
(3) Based on grass as outlined in Ewing (1997).  
(4) Limited grass data available for the pre-implementation period. 
(5) Based on mean values of 3 different types of first cut long-term leys (4-5 years) as outlined in AHDB (2011).  
(6) Mean of, good, moderate and poor silage quality (AHDB, 2011). 
(7) Based on Frame (1991). 
(8) Also falls in mid-range of the values outlined by Germinal (2015). 
(9) Based on Germinal (2015) and Genever et al. (2017). 
(10) Based of typical ryegrass content that is fed Germinal (2015).  
(11) Considering average grass yield taking account of typical nitrogen that grass is receiving from the SFPS/BSFP and linking this with typical values within AHDB (2011). 
(12) These grass yields seem typical of the lower range of grass DM % as stated within the European Nitrogen Assessment (Stoumann Jensen & Schjoerring, 2011).  
(13) Assumed no more than 3 silage cuts in line with typical practice Crofts (1999). 
(14) Median 3 cut-silage system Germinal (2015). 
(15) Relevant to Scottish conditions based on Scottish trials as referred to within Bell et al. 2018).  
(16) Estimated from the DM yield of typical Scottish yields from the December Agricultural Surveys. 
(17) Similar to values within Ewing (1997). 
(18) Within SFMH (SAC Consulting, 2013). 
(19) In range of values used to formulate diets within (SAC Consulting, 2013). 
(20) DM considered to be higher here than in the post-implementation period. Fertiliser application rates were considered higher in the pre-implementation period, which produced more DM (Cole & Haresign, 1982).  
 

 



135 
 
 

 

Dairy Cattle Inputs 
Whilst this section focuses on inputs, there has been an expectation within the agricultural sector 

for cows to produce a greater average milk yield (output) over the years (ADHB, 2019; 

Defra, 2011b), which has changed the inputs. Feed is a function of milk production which becomes 

more critical as milk yield increases (SAC Consulting, 2013). Milk output (per cow) in Scotland has 

increased across the pre-implementation and post-implementation periods (Table 4-6). 

Consequently, this was recognised when determining dairy feed inputs, with feed adjusted 

accordingly. Calving was treated as occurring throughout the year (ADHB, 2017; SAC Consulting, 

2013) based on the calving distribution within UK herds (DairyCo, 2005), and based on typical 

management practices (Foster et al., 2007). As a result, energy requirements were assumed to be 

uniform throughout the year, with turnout in May and housing typically occurring during 

September. Information is not available on dairy cattle breed within the JAC. However, as the 

majority of dairy cattle in the UK and Scotland across both pre-implementation and post-

implementation periods were Holstein-Friesian cows (Coffey et al., 2009; March et al., 2014; 

Scottish Government, 2016b; Holstein UK, 2019), dairy cattle in the catchment were assumed to be 

Holstein-Friesian. Specific feed rations provided to cattle within the Ythan catchment parishes are 

not known, consequently, recommended feed rations within the SFMH were used to determine 

likely feed. 

 
Feed rations for dairy cattle were determined from SFMHs for the relevant years based on ‘ad-lib’ 

feeding to derive the typical milk yields (see Table 4-6). Rations show that feed for dairy cattle 

consisted of: silage, grazed grass, concentrates and a secondary forage crop (SAC Consulting, 2013).  

Cereals are predominantly grown in the area and also regarded as a suitable second forage feed 

(SAC Consulting, 2013). Knowledge of crop area in the catchment area also guided feed intake as 

did feed production statistics for purchased feed (Defra, n.d.). During the period where dairy cattle 

were housed and there was no access to grazing land, silage replaced grazed grass and concentrate 

use increased. 

 

 



136 
 
 

 

Table 4-6: Typical dairy cattle feed usage. 
Years Output per cow 

(l cow yr-1)(9) 
Grass Silage 

(kg Fresh Weight 
yr-1) 

Percentage 
Replace silage 
with Hay (%) 

Concentrates 
(kg FW yr-1) (4) 

Liquid concentrates 
(kg l-1 milk produced) 

Grain-beet 
(kg yr-1) (3)(6)(5) 

Grazing 
(ha cow-1 yr-1) 

1983–1995(7) 7000 8000(2) 30 2030(2) 0.29(2)(9) 1100(2) 0.25(2)(9) 
1996–1999(2) 8000 8000 30 2400 0.30 1400 0.25 
2004–2008 8000 8500(5)  2450 0.31  0.23 
2009–2014 8500 9200(1)(5)  2800(1) 0.33(1)  0.23(1) 

Notes: 
(1) Values taken from SFMH 1999/2000 (SAC Consulting, 1999) and then the arithmetic mean was taken of the feed values for the four seasons winter, spring, autumn and summer. 
(2) Grain-beet referenced here is defined as a mixture of brewers’ grains and beet molasses (Hendy et al., 2013), in the proportions of 87.5% and 13.5% respectively in accordance with the SFMH (SAC Consulting, 1999). 
(3) Some of these are considered individual feed ingredients which are purchased or home-produced. 
(4) FW = fresh weight 
(5) In the north east of Scotland there is concern that distillery feeds are not as available to the agricultural sector as they once were due to increasing demands from anaerobic digesters (Bell et al., 2012; Davidson, 2017), so 
grass silage feed has increased. 
(6) Values taken from SFMH 1990/1991 (SAC Consulting 1990). 
(7) Based on 35% dry matter. It is not known whether silage is produced through the clamp or bale approach and thus the median DM (%) has been selected.  
(8) Personal communication with D Keiley, SAC consultant, 2015. 
(9) Estimate from Kirk (1996). 
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Formulation of dairy diets 
Using SFMH estimates for each respective year, typical amount of feed for dairy cows was 

established (Table 4-6). The composition of the concentrate feed was adopted from Table 4-7. As 

there is limited information on diet formations, it was assumed that the concentration of feed 

remained the same, throughout the pre and post-implementation periods. Liquid concentrates 

were thought to consist of molasses and pot ale syrup given the predominance of distilleries in the 

area. From 2010, home-mixed feed becomes more commonplace and at the same time there is a 

reduced dependence on compound dairy cake and grain-beet was not used in the post-

implementation period (SAC Consulting 2013). Liquid concentrates were assumed to be formulated 

of pot ale syrup and molasses on a 50:50 ratio. Other dairy cattle which were not producing milk 

were accounted for using the diets as outlined within (Kellems & Church, 1998). 

 
Table 4-7: Typical percentages of feed types that formulate concentrates fed to dairy cows. 
Based on Scottish survey data and Defra statistics as outlined within Sheane et al. (2010). 

 

 

 

 
 
 
 
 
 
 
 
 
 

Notes: 
(1) Assumed to be linseed cake 
(2) Barley increased in these estimates due to the prevalence within the Ythan catchment.  

 
Beef and Other Cattle Inputs 
Given that beef suckler cows are a predominant beef system in Scotland (Scottish Government, 

2019a), with a payment support scheme, feed was based on this system type. Suckler diets were 

based on limousine cattle from 2004 as these are the most predominant breed in Scotland (Scottish 

Government, 2017b). Feed was based on this system type and diets assumed to be formed of the 

‘Lowland Suckler Cow’ diet within the SFMHs. For ‘other cattle’ as stated in the JAC, they were 

believed to be dairy-beef crosses. It was assumed that given there is grass availability within the 

area, a semi-intensive system is assumed to have operated within the pre and post-implementation 

periods. 50% of beef cattle were assumed to be finished in the winter and the other 50% were 

Feed Product Diet Formulation (%) 
Barley(2) 

 

 

14 
Wheat 

 

14 
Wheat feed 

 

13 
Distillers maize 

 

9 
Biscuit meal 

 

6 
Sugar beet pulp 

 

9 
Soya meal 

 

16 
Rapeseed 

 

14 
Palm kernels 

 

3 
Minerals 

 

3 
Sunflower 

 

2 
Fat(1) 1 
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finished in the summer. These were finished in line with the SAC/SRUC requirements for the 

respective year. Calving was deemed to occur in the spring for 50% of the livestock group (QMS, 

2017) with the other 50% calving in the autumn. The typical time spent grazing and the typical diet 

over the pre and post-implementation periods are based on SFMH figures for the respective year. 

Following the SFMH, the diet was assumed to be dependent on growth stage of cattle. Where 

growth stage is not referenced within the SFMH, typical diet values were adopted from Kellems & 

Church (1998). The typical diets for the suckler herd and the finishing of cattle in summer and winter 

are shown in, Table 4-8 and Table 4-9 respectively.  

Sheep Inputs 
Given the Ythan catchment’s lowland location, feed input was based on rations for lowland sheep 

systems as outlined in the SFMH for each respective year. Sheep system LNBs and APNBs were 

based on the crossbred ewe (Grey Face or Scotch Mule) and cross-bred rams (Terminal Sire). In line 

with standard practice, it was assumed there was a six week lambing period, where sheep were 

housed (SAC Consulting, 2013). Daily rations were altered for pregnant ewes in accordance to the 

pregnant ewe ration which consisted of silage, hay and concentrates in accordance with SFMH 

rations. A lamb finishing supplement was fed prior to slaughter. Straw was provided for feed and 

bedding. Some of this bedding straw was regarded to be eaten (Lamlac 2017), which was accounted 

for within SFMH recommendations. APNBs were produced assuming a lambing rate of 160%—a 

value cited within all SFMHs. Where data were not available in the SFMH, details of typical sheep 

values were obtained from Kellems & Church (1998). Inputs for sheep are shown in Table 4-10.  
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Table 4-8: Feed Requirements for Beef Cow and Calf (suckler herd). 

(1) Based on SFMH values (SAC Consulting, 2013) 
(2) Based on SFMH values (SAC Consulting, 1999) 
(3) Determined that area was large enough to provide. 
(4) Only fed February to April. 
(5) Based on mean of feed as calving was assumed to occur throughout the year. 
 

Table 4-9: Feed Requirements for winter finishing and summer finishing cattle. 

(1) Based on SFMH values (SAC Consulting, 2013) 
(2) Based on SFMH values (SAC Consulting, 1999) 
(3) Based on mean of scenarios within SFMHs for medium frame cattle. 

 
 
 
 
 
 
 
 

Year(s) Winter feeding days Silage 
(kg FW) 

Straw 
(kg) 

Calf 
concentrates 

(kg) 

Barley and 
minerals (kg) 

Cow concentrates (kg) Bedding Straw (kg) Grazing (ha) 

1983–1999(2) 180 7630(5) 600(5) 102.5(5) 90 360.00(5)   1000  0.32(3) 

2004–2014(1) 190 1500(4) 1666(5) 356(5) 90 483.33(5) 900(5)  0.34(3) 

 Year(s) Feeding 
Period 

Silage 
(kg of Fresh 

Weight 
(FW)) 

Barley and 
minerals (kg) 

Swedes 
(kg) 

Hay (kg) Cow concentrates 
(kg) 

Bedding Straw 
(kg) 

Grazing area 
(ha) 

Forage area (ha) 

Winter 
Feeding 

1983–1999(2) 150(3) 25 405 3450 600 430 800  0.13 
2004–2014(1) 150(3) 25 405 3450 600 430 800  0.13 

Summer 
Finishing 

1983–1999(2) 152(3)    63     0.24  
2004–2014(1) 150  266     0.21  
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Table 4-10: Diet selected for sheep, including straw input for bedding (per 100 ewes tupped) 

(1) 6-week lambing period assumed 
(2) Should not form more than 3% of lamb diet (Ewing 1997) 
(3) Based of SFMH values (SAC Consulting, 2013) 
(4) ME 12.5 MJ/kg DM, 18% CP (kg) 
(5) Based on SFMH values (SAC Consulting, 1999) 
(6) Swedes as forage 
(7) Forage improved grazing 
(8) Based on 6350 kg of barley and minerals and a 635 kg protein supplement (47% CP).  

Year(s) Bedding Straw (kg day-1)(1)(2) Ewe Concentrate (kg yr-1) Grazing (ha yr-1)(7) Silage (ha yr-1) Swedes (ha yr-1)(6) Hay (kg yr-1) 

1983–1999 80(3) 6350(8) 8.5(5)  0.8 5600 
2004–2014 80(3) 5000(4)(3) 10(3) 2(3)   
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  Monogastric Inputs 
 
Background to Pig Livestock Management 
Pigs are monogastric animals and for the most part, pig breeds used in UK farming systems have 

been developed by a few key breeding companies. These breeding companies also provide the 

feeding guidelines. In the absence of knowing the specific pig breed within the Ythan catchment 

farming systems, standard pig management practice and diets were adopted. The growth rates of 

pigs were based on standardised values and it was assumed that a standard finishing pig would 

grow to 105 kg. It was assumed that pig numbers remained constant throughout the year, with 

those sold, replaced. Pigs were assumed to be transferred within the agricultural parish and not 

purchased and brought into the agricultural parish. On the basis that most UK pig systems are 

indoor systems (ADHB, 2018), all pigs within the Ythan catchment were treated as being farmed 

within indoor units. In both pre and post-implementation periods, sows were considered to 

produce a standard litter of ~11 piglets.  It was also assumed that the pigs received adequate water 

throughout, meaning that feed intake was not impeded by water deficiency. 

 
Nutrient Budget Inputs: Pigs 
LNBs and APNBs were produced for pigs taking account different growth stages; weaner starter, 

weaner follow on, grower and finisher. The consideration of each growth stage was important, 

because different amounts of feed, feed types and nutritional content are needed at each growth 

stage. 

Pig diets were produced considering the amount of feed (kg) typically fed to pigs in accordance with 

Table 4-11 across the pre and post-implementation periods. Typical feed amounts for the pre-

implementation period was shown within Table 4-12, and feed for the post-implementation periods 

within Table 4-13. Based on BPEX estimates of practice (as shown in the SFMH), creep and weaner 

feeds rates were assumed to be constant across both pre and post-implementation periods. For 

clarity, creep feeding was defined as a solid diet fed whilst suckling the sow (AHDB, 2013), a practice 

that was deemed to take place in all pig systems within the Ythan catchment. Weaning was deemed 

to occur at four weeks for both the pre and post-implementation periods. 

 

However, the amount of feed does not satisfy information about the feed types, or the energy and 

crude protein within the feed. To consider whether the feed was appropriate to typical pig farming 

systems typical rations based on the growth stages were adopted (see Table 4-12 for the 

pre-implementation period and Table 4-13 for the post-implementation period). In accordance with 
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QMS (2014), all pig units were considered part of the ‘QMS Pig Assurance Scheme’, for the 

post-implementation period, where 74% of sow feed (rearing stage) and 70% of weaning and 

finishing diets were considered to be home-mixed relying on feed from the farm or local area 

(Robertson & McGovern 2014). For all diets, the most cost-effective feed was used. The nutrient 

content of feeds used in pig diets is shown in Table 4-14. Within cereals, P held in inositol 

hexaphosphate (IP6) is not readily available to pigs (Renneberg et al., 2017) and therefore this 

meant that pigs are reliant on inorganic mineral P (Oster et al., 2018). Latterly, there has been 

greater use of phytase added to the diets to make P accessible within pig diets. At the start of the 

pre-implementation period, fishmeal is a feature in pig diets across the range of growth stages, but 

by the end of the pre-implementation period, it was only included in creep diets. From 1996, 

following the ban on use of meat and bone meal (Defra, 2009b), vegetable protein with rapeseed 

meal replaced meat and bone meal. Swill was banned from 2002 (Ermgassen et al., 2016). However, 

swill was not considered in these NBs for either pre or post-implementation periods because the 

nutrient content of swill is likely to be variable. 
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Table 4-11: Typical feed per pig organised by pig growth stage. 

(1) Based on proportion of pigs as devised by Robertson and McGovern (2014) that receive home-mixed feed. 
(2) Proportion of pigs as devised by Robertson and McGovern (2014) that receive compound feed rather than home-mixed feed. 
(3) End destination of pigs is not known so mean average feed (kg) was taken of average: Pork, Cutter, Bacon and Heavy Pigs. 
(4) Distinction was not made between home-mixed and compound feeding differences in the SFMH and therefore no distinction was made within these calculations.  
(5) Data derived from SFMH which in themselves have based the data on the ‘Agrosoft Pigplan’ (SAC Consulting, 2008). 
(6) Data derived from the SFMH which in themselves have based the data on the ‘Signet Pig Recording Scheme’ (SAC Consulting, 1999).  
(7) Data derived from the SFMH which in themselves have based the data on BPEX data (SAC Consulting, 2012, 2013).  
(8) Also termed growers and finishers.  
 

 

 

Year(s) Creep Feed 
(kg piglet-1 yr-1) 

 

Weaner Diet 
(kg weaner-1 yr-1) 

 
 

Rearing Diet 
(kg pig-1 yr-1) 

 
 
 

Total Creep, Weaner, and Rearing 
(Sow, Boar and Gilt) 

(kg pig-1 yr-1) 

Home-mixed Finishing Pig 
(kg pig-1 yr-1) 

 

 Age/Liveweight 
 14 days–10 kg >10–15 kg >15–50 kg 14 days–27 kg Maximum 105 kg 
1983–1999(6) 41 228 820 1216     557.2(3)(4) 
2004–2008(5) 43 234 680 1180 560.2(1) 
2009–2014(7) 43 234 680 1180 560.2(4) 
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Table 4-12: Pre-implementation period home-mixed formulated pig diet.  

*Not used from 1996 onwards due to ban. This was replaced with vegetable protein and rapeseed meal instead. 
(1) Based on Edinburgh School of Agriculture calculations contained within Whittemore and Elsley (1976).  
(2) Suggested diets as contained within the Scottish Agricultural Colleges (1984b). 
(3) Liveweights are used to relate the diets to livestock categories based on the weight stated within the categories. 
(4) Diets based on most cost-effective 1983 feed prices. 
(5) Percentages calculated based on tonne of feed to each pig type. 
(6) Diet based on lowest cost feedstuff as outlined in the Pig Farmers Guide (The Scottish Agricultural Colleges, 1984b). This is similar to feedstuffs within the least-cost programme (Whittemore and Elsley., 1976). 
(7) Lowest cost diet as outlined in The Scottish Agricultural Colleges (1984b). 

 Feed (%)   
 Creep(1)(4)(5) Weaner(1)(4)(5) Rearing(1)(4)(5) Finisher(7)(6)(4)(5) Pregnant Breeding 

Sow(2)(4)(5) 
Breeding/Lactating 

Sow(2)(4)(5) 

Feed Type (kg FW as fed)(1)(2)(3)(4)(5) Days old/Liveweight in kg 
 4–28 days/ up to 10 kg >10–15 kg >15–50 kg >50–102 kg   
Barley   7 18.3 70.3 82 90.02 85.64 
Wheat 25 25     
Extruded Soya bean meal 17   9.3 12.9 18   7.3 11.68 
Fishmeal   5   6.3     
Oats    8.9     
Flaked Maize 20 10   8.4    
Wheat feed   6.4 10     
Meat and bone meal   3*   3*     
Extruded Groundnut    3  5    
Dried skimmed milk 10      
Denatured skimmed milk powder (whey)       
Calcium carbonate   1.3   0.2   1.7    
Soya Oil       
Di-calcium phosphate   0.1   0.4   1.1   0.1   1.22   1.22 
Salt   0.2   0.3   0.3   0.3   0.24   0.24 
Limestone      1.3   1.22   1.22 
Molasses (beet)   5   5   0.3    
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Table 4-13: Post-implementation period home-mixed formulated pig diet. 

 Feed (%)  

Pig Liveweights 
(kg of Fresh weight (FW) as fed) 

Weaning(1)(2) Rearing(1)(2) Finisher(1)(2) Lactating Sow(1)(2) 

Feed Type >15 – 35 kg >35 – 65 kg >50 – 102 kg  

Wheat 45 55.7 57.3 55.4 
Barley 20 15 15 15 
Wheat feed     6.6  
Hipro Soya 25 17.8   6.5 16.3 
Rape Meal   5   8 12   8 
Lysine HCl (amino acid)   0.4   0.41   0.29   0.26 
Threonine (amino acid)   0.15   0.15   0.065   0.06 
Methionine (amino acid)   0.13   0.09   
Soya Bean Oil   2.5   1.1   0.5   2.7 
Mineral supplement   1.82   1.75   1.745  

(1) Diet formulations show similarities with the findings of BPEX. 
(2) Based on Sprent (2014) showing the most likely practiced pig diet. 
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Table 4-14: Nutrient content of feeds used for monogastric diets. 
Feed Type DM (%) N P K 

Hipro Soya 90(6) 8.8(6) 0.85(6) 2.0(6) 
Rape Meal (full fat)(1) 90(6) 3.52(6) 0.8(6) 0.8(6) 
Barley     
Wheat     
Wheat Feed     
Soya Bean Oil 0.5(2)    
Extruded Soya Bean meal 99(6) 8.8(6) 0.85(6) 2.0(6) 
Extruded groundnut 87(6) 8.32(6) 0.7(6) 1.5(6) 
Fishmeal(2) 91(6) 11.68(6) 3.5(6) 1.1(6) 
Oat flakes/oat feed 89(6) 0.8(6) 0.25(6) 0.5(6) 
Flaked Maize 90(6) 1.52(6) 0.3(6) 0.4(6) 
Glucose 97(5)    
Meat and bone meal 91(6)(8) 8.64(6) 4.7(6) 0.6(6) 
Dried skimmed milk 93(6) 5.92(6) 1.3(6) 1.5(6) 
Denatured skimmed milk powder 

(whey) 

95(6) 2.4(6) 1.0(6) 0.2(6) 
Di calcium phosphate (CaHPO4)(4)   22.77(6)  

(1) Selected full fat so as to meet the inclusion ratios within table and the inclusion rates as outlined in Ewing (1997). 
(2) Ewing (1997) gives an option based on fish types. The Scottish blend was selected. 
(3) Based on Maize Screenings outlined in Ewing (1997). 
(4) Converted to determine the mass of P (%) based on molecular weight. 
(5) Classified as feed-grade sugar (Feedipedia, 2010). 
(6) Based on Ewing (1997). 
(7) Based on values within SAC Consulting (2013) . 
(8) Other values from the pre-legislative period, also suggest this is a typical composition Partanen & Näsi. (1994) . 
(9) Same as earlier values.
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Background to Poultry Management (Layers, Broilers and Breeding Flock) 
Broilers and layers are the predominant poultry stock in Scotland and within the Ythan catchment 

(Scottish Government 2016). Both broilers and layers were treated as being housed during the 

pre-implementation and post-implementation periods given that there are large commercial units 

present in the area (Cook et al., 2008a). Poultry are reared on large farms which rely on purchased 

feed (personal communication, Vicky Sandilands, SRUC Monogastric Science Research Centre, 

02/05/2016). Poultry diets are carefully managed with breeding companies providing clear and 

precise rations. Consequently, nutrient requirements can be determined from management 

manuals, but individual feed types are not stated. 

 
Laying Flock Inputs 
Brown laying hens have formed most, if not all, UK stock since 1983 (Portsmouth, 1996). Feed for 

laying flock was constructed using feed requirements of the Lohmann Brown Classic breed from 

Lohmann GB (Lohmann GB, 2011) which has been a predominant UK type (Clarke, 2012). During 

both the pre and post-implementation periods, the Lohmann Brown Classic was the dominant 

breed of brown laying hen. It was assumed that the Lohmann Brown Classic laying flock received 

the standard feed ration which is based on wheat and soya as outlined in Lohmann GB (2011) (see 

Table 4-15). The management manuals incorporate any relevant implementation changes as well 

as changes to laying flock efficiencies over time. However, careful management of efficiency has 

meant that there is little change in feed rations. The recommended ration stated in the 

management manuals were adopted in the Laying flock LNB and APNB calculations. Laying was 

assumed to typically occur from 19 weeks (SAC Consulting, 2013). Such a standard ration assumes 

that the hens are exposed to routine light (helps laying) and water levels over the time-periods, as 

stated in the Lohmann Brown Classic management manuals.  

Broiler and Breeding Flock Inputs 
Both Portsmouth (1996) and the SFMH recognised the dominance of the Ross breeding company 

in the production of broilers during the pre-implementation period. As such, industry data sourced 

from Portsmouth (1996) and the SFMH for the pre-implementation period was based on estimates 

from the Ross breeding company. These data provided typical poultry rations in the pre-

implementation period. For the post-implementation period, Ross 308 broilers were considered 

the most common in Scotland (SAC Consulting, 2008). Rations for the post-implementation period 

were based on feed rations outlined in the Aviagen Performance Objectives Manual (Aviagen, 

2014). The rations were adjusted according to age of broiler (Table 4-16) and broilers were adjusted 

to a year (considering the replacement rate). In the post-implementation period, broilers were 
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assumed to live for 9 weeks (63 days). It was assumed that the hatched chicks are brought to farm, 

weighing 42 g on arrival (Aviagen, 2014) for the pre and post-implementation periods. As broilers 

were housed it was assumed that they were raised in optimum conditions, thus it has been assumed 

that there was provision of adequate water and the housing was at the appropriate temperature. 

In accordance with the SFMHs, across the time periods, rations assumed a liveweight slaughter of 

2.65 kg.  
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Table 4-15: Layer Feed.  
  Pre-implementation Period  Post-implementation Period 
Nutrients  Starter(3) Grower(3) Pre-

Layer3) 

Developed 

Layer(3) 

 Starter(2) Grower(2) Pre-Layer(2) Developed 

Layer(2)  Feed amount (kg) 

(kg)(kg) 

 Weeks Fed(2) Feed amount (kg) 

(kg)(kg) 

  Weeks 

Fed(2) 

 
 1983–1999  2004–2014  
 115(2)(3) 1–21 22–56 19-45 45-52 115(2)(3) 1–21 22–56 19-45 45-52 
Nitrogen (%)  3.23 2.98 2.32 2.78  3.2 2.96 3 2.87 
Total Phosphorus 
(%) 

 0.75 0.75 0.75 0.55  0.75 0.70 0.5* 0.58 
Potassium (%)  3.60 3.60 3.60 3.60  3.60 3.60 1.25 1.25 

*More phytase being added to diets 
(1) Middle value selected from management guide 
(2) Lohmann GB (2016) for the Classic Brown hen were adopted. Comparing management manuals for the years across the post-implementation period, feed does not vary by any more than 0.5%. As a result, standard feed 
values did not change between years. 
(3) Lohmann GB (1990 and 2007). 
(4) Nitrogen determined from crude protein. 

 
Table 4-16: Broiler Feed. 

  Pre-implementation Period(1)  Post-implementation Period(3) 

  Starter Grower Finisher 1 Finisher 2  Starter Grower Finisher 1 Finisher 2 

 Feed amount (kg) Days Fed Feed amount (kg) Days Fed 

 1983–1999  2004–2014     

 3.2(5) 0–10 11–24 25–42 43-slaughter 3.36(6) 0–10 11–24 25–42 43–slaughter 

Nitrogen (%)  3.75 3.51 3.23 3.04  3.68 3.44 3.36 3.04 

Total Phosphorus (%)  0.45 0.45 0.43 0.43  0.45 0.45 0.45 0.43 
Potassium (%)(2)  0.70 0.65 0.65 0.65  0.90 0.90 0.87 0.87 

(1) Aviagen (2007) refers to the Ross 308 breed. 
(2) Median value selected. 
(3) Values obtained from industry data printed in Portsmouth, (1996) of which the authors recognise the significance of the Ross breed. 
(4) Nitrogen determined from crude protein. 
(5) Obtained from Rodrigues & Choct (2019). 
(6) Obtained from Leinonen & Kyriazakis (2013). 
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 Outputs 
All livestock were treated as being sold (minus standard mortality rates) at the end of the desired 

growth period, with the rate of sale being determined from SFMH values. Dairy cows were assumed 

to have a 15% replacement rate (ADHB, 2010b), as this regarded as economically advantageous. 

Beef cattle were deemed to be slaughtered at 18 months, as per typical SFMH guidelines. All 

finishing pigs have a different liveweight and so the mean of the liveweights for: ‘pork’, ‘cutter’, 

‘bacon’ and ‘heavy’ finishing pigs were calculated. This mean was close to the average slaughter 

weight, and thus it was regarded that all finishing pigs were slaughtered at 105 kg (López-vergé et 

al., 2018; Morris & Milne, 2001).  

 
In order to determine the amount of meat obtained from livestock, standard empty body weight 

values (EBW) were adopted based on the size of typical livestock slaughtered. The EBW is defined 

as the final animal sent to slaughter excluding stomach contents and for poultry, it excludes poultry 

shank, head bones, wingtips, feet and pygostyle (Agricultural Research Council Working Party, 

1980a; Gregory & Robins, 1998; Jones et al., 1984). The EBW for beef cattle, dairy cattle and sheep 

for the pre-implementation period were obtained from the Agricultural Research Council Working 

Party (1980b). The EBW of pigs in the pre-implementation period were determined using values 

from the Agricultural Research Council Working Party (1981) and the EBW for poultry (layers and 

broilers) from (Gregory & Robins, 1998). For the post-implementation period for livestock, median 

estimates of the killing out % as outlined in ADHB (2006) were used. For both the pre and post-

implementation period the nutrient content exported with transfer and slaughter of livestock was 

also considered (Agricultural Research Council Working Party, 1980a, 1981). The nutrient content 

of meat from each animal was determined by applying the values in Table 4-17 to the EBW values. 
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Table 4-17: N, P and K contents of meat outputs (kg) for each tonne of meat produced by different 
livestock types. 

(1) Based on values within Agricultural Research Council Working Party (1980) and Watson et al (2010). 
(2) Based on values within Agricultural Research Council Working Party (1981) and Watson et al (2010). 
(3) Based on Watson et al (2010). 
(4) Determined from Crude Protein values.  
 

Dairy Outputs: Milk 
The nutrient content of milk did not appear to have changed by any more than 0.01 % over the pre 

and post-implementation periods. Consequently, it was determined that the N, P and K composition 

of milk remained constant within and between implementation periods (see Table 4-18). It was 

assumed (in line with earlier estimates) that the quantity of dairy output was 8000 l yr-1 in the pre-

implementation period rising to 9200 l yr-1 by the end of the post-implementation period. 

Table 4-18: Nutrient Composition of Milk. 
N (%) P (%) K (%) 

0.52(1)(3) 0.09(2)(3) 0.03(2)(3) 

 (1) Whipps 1991; Defra 2014; Defra 2015b and unpasteurised/unhomogenised milk estimates in Public Health England and Food 
Standards Agency (2014). 
(2) Unpasteurised/homogenised milk estimates in Public Health England and Food Standards Agency (2014). 
(3) (Agricultural Research Council Working Party, 1980b). 

 
Sheep Outputs: Wool 
Wool was considered as an output within the APNBs. Sheep were sheared once a year with 6.5 kg 

treated as being removed. The nutrient content of the wool is specified below in Table 4-19. 
Table 4-19: Amount and Nutrient Composition of sheep wool. 

Wool produced per ewe (kg ewe yr-1) Nutrient Composition (g kg-1 dry matter)(1) 

 N P K 
6.80 165 0.1 0.05 

(1) Values obtained from Soffe (2003). 

 
Laying Flock Outputs 
Standard mortality and liveweight values were adopted from Lohmann GB (2011). Based on UK 

indoor caged birds and adjusted to a 365 day laying period, it has been assumed that 276 eggs per 

hen per year were produced for the years between 1983–1992 (Portsmouth, 1996; SAC, 1994) and 

282 eggs between 1993–1999 (Portsmouth, 1996). Between 2004–2011, 278 eggs (Lohmann 

GB, 2011) and 2012–2014, 282 eggs (Lohmann GB, 2016) were also assumed to be produced per 

Livestock Nutrients (kg t-1) 
 N(4) P K 
Dairy cows(1) 27.5 10 2 
Suckler cows(1) 26.5 8 1.9 
Beef cows < 100 kg(1) 32 8 2 
Beef cows > 100 kg(1) 25 8 2 
Ewes and other sheep(1) 20 5.8 1.6 
Lambs(1) 28 6 18 
Finishing pig(2) 10 1.8 2.9 
Poultry (chicken)(3) 43 2.0 2.2 
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hen based on the Lohmann breeding company estimates. All of these eggs were treated as having 

an average weight of 64 g (Lohmann GB, 2011, 2016; SAC, 1994) with the nutrient composition as 

outlined in Table 4-20. In line with Clarke (2012), Lohmann Brown Classic egg shells were taken as 

consistent across the pre-implementation and post-implementation periods. 

 
Table 4-20: Nutrient Composition of Eggs. 

Year N (%) P (%) K (%) 

1983–1999 1.89(1) 0.23(1) 0.2(2) 

2004–2014 2.02(2) 0.4(2) 0.23(2) 

(1) McDevitt, personal communicated as cited within Domburg et al. (2000). 
(2) Sandilands, V, SRUC Avian Science Research Centre, personal communication (2015). 

 Data Analysis 
In the first instance, livestock numbers per category across all agricultural parishes for each year 

were determined. As explained earlier, it was necessary to convert livestock into livestock units 

using the LUs the values stated in Table 4-1. As diets have been formulated for different livestock 

groups and that there are a range of livestock ages, the nutrient inputs and outputs were tabulated 

by LU. In the second stage, inputs and outputs for all livestock groups as used to form the LNBs and 

APNBs in both the pre and post-implementation periods were tabulated and assessed. This was 

particularly important given that livestock of different ages have been considered in the 

calculations. In a similar approach to Chapter 3, the differences between LNBs between the pre and 

post-implementation periods, were assessed using paired t-tests (using R, version 3.5.1). Again, 

normality was checked, before the tests were undertaken. APNBs were also compared between 

the pre and post-implementation periods using t-tests in order to assess change between the time 

periods. In order to assess the influence of livestock number on APNBs, similar calculations were 

conducted except the pre-implementation period livestock figures have been applied to both the 

pre and post-implementation periods. 

 

 
Given the complexity of ruminant diets, the inputs and outputs for ruminant livestock based on LUs 

are shown within Tables 4-21, 4-22 and 4-23. For all nutrients and for these ruminant livestock 

groups nutrient balances were lower in the pre-implementation period than the post-

implementation period (Tables 4-24, 4-25 and 4-26). Between the pre and post-implementation 

periods, there is an increase in the concentrates that are fed to livestock. 
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Table 4-21: Mean of Inputs, Outputs and Nutrient Balance for Dairy cattle on a Livestock Unit (LUs) basis. 

 

 
 
 
 
 
 
 
 
 
 

 

 kg N LU-1 yr-1 kg P LU-1 yr-1 kg K LU-1 yr-1 
 Pre-

implementation 
Post-
implementation 

Pre-
implementation 

Post-
implementation 

Pre-
implementation 

Post-
implementation 

Silage 42.09 43.72 5.76 6.12 40 42.5 
Total Feed 
Concentrates 

51.02 60.57 12.10 14.60 16.54 19.56 
Liquid Concentrates 20.80 20.41 10.08 10.31 18.53 18.26 
Grazing 28.10 28.92 4.39 4.50 5.49 5.24 
Livestock 1.5 1.5 0.5 0.5 0.2 0.2 

TOTAL INPUTS 142.01 155.12 32.83 36.03 80.76 85.76 
Milk 36.62 41.86 7.7 8.8 15.4 17.6 
Cows culled 6.78 7.80 2.42 3.89 0.48 0.55 

TOTAL OUTPUTS 43.4 49.0 10.12 12.69 15.88 18.15 
BALANCE 98.61 106.12 22.71 23.34 64.88 67.61 
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Table 4-22: Mean of Inputs, Outputs and Nutrient Balance Tables for ‘Beef and Other’ cattle by Livestock Unit (LUs). 

 kg N LU-1 yr-1 kg P LU-1 yr-1 kg K LU-1 yr-1 
 Pre-

implementation 
Post-
implementation 

Pre-
implementation 

Post-
implementation 

Pre-
implementation 

Post-
implementation 

Silage 38.09 39.32 8.76 10.98 35 36.5 
Total Feed 
Concentrates 

31.02 31.47 15.09 16.59 14.96 15.09 
Liquid Concentrates 9.80 9.95 5.02 5.80 4.89 4.61 
Straw Bedding 1.0 1.0 0.8 0.8 0.5 0.5 
Grazing 20.10 20.72 2.91 2.45 3.42 3.67 
Livestock 1.8 1.8 0.6 0.6 0.29 0.29 

TOTAL INPUTS 101.81 104.26 33.18 37.22 59.06 60.66 
Cows culled 17.31 17.42 4.33 5.13 1.08 1.22 

TOTAL OUTPUTS 17.31 17.42 4.33 5.13 1.08 1.22 
BALANCE 84.5 86.84 28.85 32.09 57.98 59.44 
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Table 4-23: Mean of Inputs, Outputs and Nutrient Balance Tables for Sheep by Livestock Unit (LUs). 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 kg N LU-1 yr-1 kg P LU-1 yr-1 kg K LU-1 yr-1 
 Pre-

implementation 
Post-
implementation 

Pre-
implementation 

Post-
implementation 

Pre-
implementation 

Post-
implementation 

Silage 1.34 1.45 0.90 0.95 1.42 1.47 
Concentrates 3.65 4.01 0.40 0.45 3.70 3.77 
Liquid Concentrates 0.36 0.38 0.55 0.67 0.58 0.61 
Hay 1.38 1.38 0.84 0.84 1.50 1.53 
Grazing 47.90 48.31 15.52 16.64 35.21 36.31 
Livestock 0.45 0.45 0.25 0.27 0.34 0.35 

TOTAL INPUTS 53.08 55.98 18.46 19.82 42.75 44.04 
Sheep culled 2.35 2.37 1.10 1.11 2.64 2.71 

TOTAL OUTPUTS 2.35 2.37 1.10 1.11 2.64 2.71 
BALANCE 50.73 53.61 17.36 18.71 40.11 41.33 
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 Feed inputs for livestock is the key influencer of nutrient 
budgets 
All nutrient inputs are greater in the post implementation period, than in the pre-implementation 

period. For dairy, this perhaps an indirect effect of the increase in milk production–an increase of 

1500 litres per cow per year. Inputs have increased for all other livestock groups with sheep inputs 

showing the smallest increase of all ruminants; increasing by 2% between the pre and post-

implementation periods. Of all livestock groups, pig rations have changed considerably between 

the pre and post-implementation period, with greater attention being paid to P (Table 4-12 and 

Table 4-13). 

 Outputs from livestock 
Milk production has increased for dairy cattle (see Table 4-6) meaning that outputs from the dairy 

sector. For other livestock, it is the animals which have become larger and thus their carcasses are 

bigger when removed from the system. Work has gone into maintaining consistent output within 

the poultry sector. Continued commercial control in the production indicates that consistent 

management has been present from 1983 and has continued to remain a focus into the post-

implementation period. 

 Livestock numbers fluctuate more during the 
pre-implementation period compared with during the post-
implementation period—this has nutrient implications 

Within the pre-implementation period, after a rise in cattle between 1983 and 1984, cattle numbers 

decline (Figure 4-3). Within the post-implementation period, sheep numbers show an overall 

increase and cattle numbers are steady during the post-implementation period. This has nutrient 

implications for example, a higher concentration of N proportionally when compared with 

compared with other types of manure and thus a decline in cattle numbers contributes to a 

significant decline in N. On the other hand, whilst less poultry manure is produced, the N, P and K 

concentration for poultry manure (layer and broiler) is greater than in all other livestock groups.  

 
Mean poultry numbers show the greatest fluctuation within the pre-implementation period, with 

poultry numbers having declined by 50,000 between 1989 and the end of the pre-implementation 

period (Figure 4-3). There is also a decline of mean poultry numbers during the post-

implementation period (Figure 4-3). Consequently, there are nutrient implications at the 

agricultural parish level. Pigs numbers fluctuated during the pre-implementation period, reaching 

a peak in 1992. During the post-implementation period, pig numbers have steadily increased. 
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Figure 4-3: Mean average of livestock numbers for all selected Ythan Catchment agricultural 
parishes, showing the ‘Implementation Period’.  

 Livestock Nutrient Balances 
These LNBs provide an indication of excreta output, which indicates the product produced (excreta) 

produced by the farming systems. Overall, this work shows that there was a trend for N nutrient 

balances to increase between the pre and post-implementation periods (Table 4-4). This was 

statistically significant for ‘beef and other cattle’ and ‘dairy’, with dairy systems experiencing the 

greatest N reduction with a mean difference of 7.51 kg N ha-1 yr-1 (Table 4-4). The N balance 

appeared to be unaffected for pigs and poultry, with poultry have the smallest standard error of 

the mean. This seems to be due to management of monogastrics, which has been heavily controlled 

across both time periods. Of all livestock categories, it was only the P surplus that showed a 

statistically significant result—an increase of 0.63 kg P ha-1 yr-1 (Table 4-25). For all livestock groups, 

there is no significant difference based on LNBs in the K balances between the pre and 

post-implementation periods (Table 4-26). 

 

 

 



158 
 
 

 

Table 4-24: t-test results for the N balance of LNBs for the pre-implementation period (1983–1999) and the post-implementation period (2004–2014). 
 
 
 
 
 
 
 
 
 
 
 

(1) Arrows shows if statistically significant 

 

 

 

 

 

 

 

 

 

 

 LNB Balance (kg N LU-1 yr-1)  
 Pre-implementation Period Post-implementation Period     
Livestock Type Mean Standard Error of 

Mean (SEM) 
Mean Standard Error of 

Mean (SEM) 
Mean 

Difference 
P value 

<0.05 sig 
Balance increase or 

decrease post-
NVZ(1) 

Standard 
Error of 

Difference 
(SED) 

Dairy 98.61 9.03 106.12 6.57 7.51 0.020 ↑ 3.004 
Beef and other cattle 84.5 2.08 86.84 2.72 2.34 0.011 ↑ 1.651 
Sheep 50.73 2.08 53.61 3.48 2.88 0.892  1.443 
Pigs 49.33 1.45 48.33 2.18 1 0.290  1.210 
Poultry 48.66 1.67 49 1.53 0.34 0.373  1.290 
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Table 4-25: t-test results for the P balance of LNBs for the pre-implementation period (1983–1999) and the post-implementation period (2004–2014). 

 

 

 

 

 

 
(1) Arrows shows if statistically significant  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 LNB Balance (kg P LU-1 yr-1)  
 Pre-implementation Period Post-implementation Period     
Livestock Type Mean Standard Error of 

Mean (SEM) 
Mean Standard Error of 

Mean (SEM) 
Mean Difference P value 

<0.05 sig 
Balance increase 
or decrease post-

NVZ(1) 

Standard 
Error of 

Difference 
(SED) 

Dairy 22.71 
28.85 
17.36 
9.36 
8.07 

0.24 
0.55 

22.82 
0.40 
0.34 

23.34 
32.09 
18.71 
9.94 
8.82 

0.38 
0.37 
0.64 
0.09 
0.16 

0.63 
3.24 
1.35 
0.58 
0.75 

0.031 ↑ 0.481 
Beef and other cattle 0.302  0.292 
Sheep 0.690  0.571 
Pigs 0.440  0.630 
Poultry 0.303  0.585 
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Table 4-26: t-test results for the K balance of LNBs for the pre-implementation period (1983–1999) and the post-implementation period (2004–2014). 
 
 
 
 
 
 
 
 

 LNB Balance (kg K LU-1 yr-1)  

 Pre-implementation Period Post-implementation Period     

Livestock Type Mean Standard Error of 
Mean (SEM) 

Mean Standard Error of 
Mean (SEM) 

Mean Difference P value 
<0.05 sig 

Balance increase 
or decrease post-

NVZ 

Standard 
Error of 

Difference 
(SED) 

Dairy 64.88 0.75 67.61 0.42 2.73 0.530  0.870 
Beef and other cattle 57.98 0.55 59.44 0.46 1.46 0.341  0.745 
Sheep 40.11 0.21 41.33 0.31 1.22 0.808  0.351 
Pigs 4.97 0.12 4.75 0.23 0.22 0.468  0.350 
Poultry 4.3 0.05 3.72 0.36 0.58 0.196  0.249 
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 Agricultural parish level N and P nutrient 
Whilst all agricultural parishes (excluding the agricultural parish of Slains) indicate that there has 

been a decline in the N surplus; none were found to be statistically different (Table 4-27). This 

suggests that the introduction of NVZ legislation, has had little influence on reducing N balances of 

livestock systems at the agricultural parish level. It is important to note that Fyvie, Tarves and Udny 

share borders and thus the vicinity with each other may have influenced livestock distribution. For 

P, no agricultural parishes showed statistically significant changes between the pre and post-

implementation periods (Table 4-28). It is only for the nutrient, K, (see Table 4-29) where the 

measured decrease of the K surplus is statistically significant for one agricultural parish; Aucterless. 
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Table 4-27: t-tests used to determine whether the N balance (kg N ha-1 yr-1) for the main livestock categories within agricultural parishes in the Ythan catchment 
has declined following the introduction of the NVZ in 2000. The pre-implementation period includes the years between 1983 and 1999 and the post-
implementation period includes the years between 2004 and 2014. 

 APNB Balance (kg N ha-1 yr-1) 
 Pre-implementation Period Post-implementation Period    

Parish Mean Mean Mean Difference 

 

P value 
(<0.05 sig) 

Standard Error of 
Difference (SED) 

New Deer 21.56 18.27 -3.29 0.391 0.870 
Ellon 22.63 18.26 -4.37 0.300 1.690 
Foveran 21.16 13.93 -7.23 0.300 1.561 
Logie Buchan 21.83 17.60 -4.23 0.292 1.595 
Methlick 18.46 18.27 -0.19 0.951 0.732 
Slains 22.2 22.5 0.3 0.920 1.327 
Tarves 23.46 23.73 -0.27 0.948 1.605 
Udny 23.5 23.06 -0.44 0.910 1.482 
Meldrum 20.01 20.07 -0.69 0.940 1.094 
Aucterless 20.56 20.60 -0.04 0.974 0.922 
Fyvie 21.26 19.93 -1.33 0.468 1.142 
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Table 4-28: Results of paired t-test used to determine whether the P balance (kg P ha-1 yr-1) for all main crops and grass within the agricultural parishes in the 
Ythan catchment has declined following the introduction of the NVZ in 2000. The pre-implementation period includes the years between 1983 and 2000 and the 
post-implementation period includes the years between 2004 and 2014.  

 APNB Balance (kg P ha-1 yr-1) 
 Pre-implementation Period Post-implementation Period    

Parish Mean Mean Mean Difference 

 

P value 
(<0.05 sig) 

Standard Error of 
Difference (SED) 

New Deer 0.99 1.27 -0.28 0.610 0.382 
Ellon 1.32 1.17 -0.15 0.800 0.432 
Foveran 1.66 1.51 -0.15 0.805 0.540 
Logie Buchan 1.31 1.30 -0.01 0.992 0.442 
Methlick 1.91 1.17 -0.74 0.481 0.891 
Slains 4.92 0.96 -3.96 0.420 1.948 
Tarves 6.57 5.63 -0.94 0.160 1.831 
Udny 7.87 3.43 -4.44 0.140 1.894 
Meldrum 2.28 1.76 -0.52 0.147 0.807 
Aucterless 2.61 1.50 -1.11 0.010 0.858 
Fyvie 2.94 1.30 -1.64 0.081 0.978 
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Table 4-29: Results of paired t-test used to determine whether the K balance (kg K ha-1 yr-1) for all main crops and grass within the agricultural parishes in the 
Ythan catchment has declined following the introduction of the NVZ in 2000. The pre-implementation period includes the years between 1983 and 2000 and the 
post-implementation period includes the years between 2004 and 2014. 

 APNB Balance (kg K ha-1 yr-1) 
 Pre-implementation Period Post-implementation Period    

Parish Mean Mean Mean Difference 

 

P value 
(<0.05 sig) 

Standard Error of 
Difference (SED) 

New Deer 3.61 3.00 -0.61 0.487 0.629 
Ellon 3.85 2.86 -0.99 0.426 0.792 
Foveran 3.71 2.10 -1.61 0.280 0.703 
Logie Buchan 3.82 3.35 -0.47 0.580 1.258 
Methlick 2.48 2.09 -0.39 0.211 0.861 
Slains 3.30 0.09 -3.21 0.091 0.778 
Tarves 4.73 0.53 -4.20 0.051 0.730 
Udny 4.10 0.50 -3.6 0.071 0.790 
Meldrum 4.26 2.70 -1.56 0.089 0.719 
Aucterless 5.30 2.36 -2.94 0.021 0.695 
Fyvie 5.60 3.86 -1.74 0.182 0.660 
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 Methodological Innovation and Strengths 
In a similar light to Chapter 3, the LNBs and APNBs have provided a unique insight into 

farming systems within the Ythan catchment, this time for livestock. These findings provide 

insight into changing nutrient balances following the establishment of the NVZ and 

highlight factors that influence livestock nutrient balances, such as livestock number and 

feed inputs. Having a broader approach beyond the farm level is advantageous in that it is 

an assessment of systems. Agriculture is as much of a system as the food system, and thus 

this is beneficial for the wider discourse at present, which is concerned with linking food 

and agriculture (Noë et al., 2017). Most importantly, the nutrient content of excreta has 

been explored. It is beneficial in assessing these changes within livestock systems 

themselves, but also provides an indication of available organic fertiliser. This has 

implications for the nutrient management of both arable and livestock systems. In terms 

of the methodology used in this chapter, there are opportunities to use the approach again 

in future. The approach is further supported by methodological improvements in these 

government datasets, for example the JAC, which now uses CTS which provides greater 

clarity on these data being used for LNBS and APNBs. Given that JAC data has been a key 

data source for other Scottish studies, outwith this thesis, there are opportunities to further 

link with different approaches such as the SAEM model (MacLeod et al., 2017) and earlier 

Ythan catchment nutrient budgeting (Domburg et al., 1998).  

 Limitations of methodological approach 
Whilst the limitations mentioned here are of relevance to the work in this chapter, they 

also have wider relevance to nutrient budgets as a whole (Oenema et al., 2003). Awareness 

of these limitations are important when comparing or contrasting nutrient budgets in the 

literature. Secondly, the limitations highlight data needs, challenges and adaptability of 

government data that implicate this methodology. 

 
Determining feed inputs 
Feed intake, nutrient composition and yield of the output, and the nutrient content of the 

manure are intrinsically linked. However, there are a few different approaches which could 

be used to determine the variables. Domburg et al. (2000) chose to calculate livestock feed 

(intake) by subtracting animal offtake and standard excretion rates from the nutrient 

requirements of livestock. The more typical approach involves subtracting nutrient 
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retention and animal offtake from nutrient intake (Lord et al., 2002; Watson et al., 2002; 

Bassanino et al., 2007; Leinonen et al., 2019). It is this latter approach that was used within 

this chapter to determine excretion. This approach is considered the best approach given 

available data, but it does not mean there are not limitations. The key limitation for 

adopting this approach was that published values on nutrients within manures, have not 

changed a significant amount between the pre and post-implementation periods. 

Conversely, greater information on dietary inputs are available (see methodological 

approach for sources) that provided detail within both the pre and post-implementation 

periods. LNBs and APNBs have relied on diets for the budget calculations, for the most part, 

which would provide needed nutrients to livestock. There are however, some suggestions 

that livestock diets may not always balanced and some may even be deficient (Vaughan, 

2018). It is difficult to collect dietary information on the ground (if at all) regularly and so 

there will always be uncertainty on any standardised diet that is chosen. 

 
Livestock Number 
The JAC is a well-used within research projects to provide a baseline of livestock numbers, 

for example within Domburg et al. (1998) and  Leinonen et al. (2019) to name a few. 

However, there are limitations to JAC data, perhaps illustrated by the introduction of the 

CTS system from 2006 where there it was observed that there was a difference of ~1000 

cattle (2 year period), recorded in the CTS system and JAC survey returns which indicates 

that livestock numbers may be underreported. This particularly affects all of the years in 

the pre-implementation period and the years in the post-implementation period up to 

2006. From 2006, because the JAC uses CTS data, it is important to know that an increase 

of cattle numbers between 2005 and 2006 may not reflect an increase in real terms. 

Instead, it may be due to the JAC results using the CTS to gain cattle numbers rather than 

directly using livestock numbers. As with Chapter 3, it is important to note that in any given 

year, the JAC is only representative of holdings in June at the time of survey distribution 

(see Chapter 3). Consequently, the APNBs use this snapshot to determine likely numbers 

throughout the year. It should also be recognised that for housed livestock changes in 

livestock number can be due to the availability of indoor facilities and whether facilities 

have been taken out of commission within the Ythan catchment. 

Feed Challenges-Grass 
As referenced in Chapter 3, there is limited awareness of specific grass management within 

the Ythan catchment agricultural parishes. Elsewhere, anecdotal reports suggest that grass 
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management on some farms is not operating at full capacity (Vaughan, 2018). Estimating 

typical grass production is therefore challenging. Grass management is an important 

knowledge gap, the implications of which are great, given the proportion of ruminants’ diet 

that is formed of grass. Extending the grazing season can offer an opportunity to improve 

profitability, and with a better understanding of grass production, the full potential can be 

realised (ADHB/SAC, 2013). For the dairy sector, concentrates will still be required to 

mobilise energy and maintain the high milk output (ADHB/SAC, 2013), but any 

improvements in understanding the contribution of grazing would minimise the need for 

concentrates to be used where not necessary.  

Feed Challenges-Silage 
The median of typical silage dry matter was adopted for these calculations. However, it 

should be remembered that the DM of silage can range between 25–45%. Factors such as 

storage type, storage length and packing type all have implications on the composition of 

silage (Coblentz & Akins, 2018). Governmental data collection does not reference the 

storage of silage, and it is difficult to gain this information from alternative sources. At a 

recent Scottish competition, more clamp silage was submitted (AgriScot Limited, 2018), 

and thus it is not possible to determine the characteristics of Scottish silage. Indeed the 

production is dependent on equipment availability and farm needs as there are advantages 

and disadvantages of using big bales or clamps (AHDB, 2011).  

 
Economic costs of production 
Increasingly, livestock farming is under economic pressure (Baldock & Mottershead, 2017), 

with the beef sector relying on CAP subsidy. Going forward, the dairy sector may look to 

change management such as reverting to having a spring and autumn calving system. This 

would be instead of an all year round calving system in order to lower production costs at 

the same time  as not reducing milk output (ADHB, 2017). 

 Reasons for Changes to Livestock Number 
Overall change in livestock numbers in the Ythan catchment share similar trends with 

livestock numbers across Scotland (Scottish Government, 2014). Livestock densities vary 

between agricultural parishes as also highlighted by Domburg et al. (1998), with some 

agricultural parishes being dominated by poultry more than others. As shown in Figure 4-3, 

there are declines in poultry, of which a key reason may be due to the characteristics of the 

Ythan catchment. Poultry numbers have not reversed since the decline of chicken 
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processing from 2007 within the area (BBC, 2007). Closure of chicken processing units has 

had implications on production leading to the reduction of production from large indoor 

poultry units (agricultural production). Furthermore, poultry is not uniformly distributed 

across the agricultural catchment and so the loss of thousands of birds from one large 

indoor unit has implications for the wider catchment. Conversely, for other livestock groups 

where statistically significant declines in excretion have been observed at livestock level, 

results in a reduced nutrient contribution at the APNB level given as well as being 

implicated by decreases in livestock number. Decreases in nutrient surpluses at agricultural 

parish level have been brought about by the overall reduction of livestock numbers and 

increased output. 

 Statistically significant differences between LNB 
balances for beef and dairy (N) is a feature of farm 
management and processes 
It is known that since 1990, beef cattle carcass weights at slaughter have increased, which 

has been attributed to increased feed (Defra, 2011a; QMS, 2016). As previously explored 

changes to N surpluses are only significant for dairy and beef livestock groups (Table 4-24). 

This is likely to reflect that these systems are typically managed by individual farmers, 

where there being an increase in the average herd size (Defra, 2017) as herd numbers have 

typically declined onwards from 2005 CAP reform (Scottish Government, 2014a). For ‘beef 

and other cattle’ the key reason for greater N surpluses in the post-implementation period 

appears to be due to higher liveweight of cattle, such a change seems to have been 

particularly heightened from 1990, when beef cattle carcase weights at slaughter 

increased, and of course the associated increased feed (Defra, 2011a; QMS, 2016). 

 
The findings in this chapter adhere to the factors outlined by Oenema (2006) which state 

that grazing systems will have greater N surpluses than livestock within landless indoor 

systems. The proportion of available grazing land in the UK is higher than in other European 

countries, and as a consequence there are a greater variety of system variations than 

ruminant systems in the Netherlands for example (Oenema, 2006). Higher rates of milk 

production exist in the post-implementation period compared with the pre-

implementation period (Table 4-18), this could explain statistically significant N and P 

surplus decreases in the post-implementation period. To place these contributions in 

perspective with food production, a calculated surplus of 143 kg N ha-1 yr-1 for the post-
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implementation period, for a dairy cow producing 9000 litres of milk this works out at 0.02 

kg of N per litre of milk produced. For beef the N surplus is the equivalent of 0.03 kg of N 

per kg of meat. Reductions of N surpluses between time periods show similarity with other 

studies that have used national data to assess changes in the nutrient-in that the N surplus 

declines across most of the area (Poisvert et al., 2017). Similarly Svanbäck et al. (2019) also 

report reductions in N balances for different livestock groups across Europe as a whole, for 

which it has been seen to be attributable to adhering to legislation. For cows, whilst feed 

inputs have increased during the post-implementation period, proportionally feed 

decreases when calculated on a per unit of milk basis. Alike work in Italy, the greatest 

nutrient imbalance was also noted for younger dairy cattle (Biagini & Lazzaroni, 2018). As 

efficiency of the dairy sector improves (Capper et al., 2009), reductions in nutrient 

surpluses would be expected.  

Understanding nutrient production is particularly important as in Germany, it has been 

found that there is a disparity between perception of nutrient content of pig manure and 

actual nutrient content of manure (Otten & Weghe, 2013). Estimation of manure was a 

challenge (Otten & Weghe, 2013). 

 Placing Livestock Nutrient Budgets (LNBs) in context 
of other studies and guidelines 
Focusing firstly on LNBs, it should be noted that the results contained in this chapter are 

consistent with similar trends observed in other studies in Europe. For example, in the 

Republic of Ireland, studies show dairy nutrient budgets in 2012 being the most N efficient 

when compared with of other livestock groups (Buckley et al., 2015), which is also a finding 

within this chapter. Specifically, the 2012 Republic of Ireland observation that dairy NBs are 

2–4 times higher than other livestock groups (Buckley et al., 2015) is also similar to the 

findings in this chapter for both the pre and post-implementation periods. In 2001, a study 

in Germany across different organic, integrated and conventional systems found that the 

typical balance ranged 14–17 kg N ha-1 yr-1 (Taube & Poetsch, 2001), which is smaller than 

the  balances that are presented in this chapter. Whilst there are a range of systems such 

as conventional and organic, it was not possible to make a distinction in this chapter.  

Poultry LNBs show the greatest contrast with dairy LNBs, given that there is nearly a four 

times difference across the pre and post-implementation periods. On the whole, P 

excretion rates at agricultural parish level for the post-implementation period are lower 
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than the average identified by Buckley et al. (2015) based on 2012 data, although there are 

some parishes that exceed excretion of 4.7 kg ha-1 yr-1.  

Poultry systems are carefully managed across the world and given the indoor nature of 

production, there are fewer landscape and climatic variations on the system. Thus, cross-

referencing these budgets across the world was seen to be a beneficial exercise. In Brazil, 

the N and P calculated for manure production within poultry systems (Leip et al., 2019) did 

not vary more than 5%, when compared with the calculations earlier in the study. 
 
It was particularly useful to compare the findings against the IPCC (2006) default values 

(Table 4-30) as until recently, these estimates have been used in a variety of calculations 

but yet were reported by the IPCC as having an uncertainty in these estimates is ±50 %. The 

IPCC (2006) default values are more detailed for pigs and poultry where growth stage/end 

use is considered, but for cattle the only distinction is ‘dairy cattle’ and ‘other cattle’.  

 

 Implications of feed on Livestock Nutrient Budgets 
(LNBs) 
As reflected in the diets for livestock, changes to feed types have largely been influenced 

by changes in the availability of crops locally and economic cost, for example economically 

grazed grass is the cheapest ruminant feed. Modification of feed has led to reduced 

nutrient surpluses and thus improved environmental outcomes (Koelsch, 2005). At the end 

of the post-implementation period, 65% of utilised area in the UK was grassland with 

grassland areas maintained in Republic of Ireland (Peyraud et al., 2014). Therefore, 

comparison with other European countries where total grassland area has reduced is 

interesting. Current estimations state that the cost to produce 9–10 tonnes DM ha-1 costs 

5–4 pence per kg of grass, silage of 13–15 tonnes DM ha-1, 9–13 pence and barley and straw 

costs even greater (Jack, 2018). There is some influence of regulation, for example the use 

of meat and bonemeal (as mentioned in methodology); a change that influenced the latter 

part of the pre-implementation period as well as the post-implementation period. Diets for 

livestock have been based on Scottish trends as outlined in the SFMH and as a result 

represent typical as well as suitable practice. No specific governmental data are collected 

on specific feeds and thus there remains uncertainty on specific feed practice. Replacement 

livestock are thought to have a significant impact on nutrient budgets after a study which 

focused on farm practice and the feed that dairy cattle receive (Biagini & Lazzaroni, 2018). 
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Elsewhere in Europe, pig systems receive feeds that are not dependent on feed availability 

in the surroundings (Peyraud et al., 2014). In Scotland despite an increase in the use of soya 

within pig diets (see Table 4-11 and Table 4-12) most of the pig diet is cereal based and of 

which most of this is produced in the surrounding area (Robertson & McGovern, 2014).  

 No statistical difference for pig and poultry LNBs for P 
and K between pre and post-implementation periods 
Given that pigs and poultry are monogastric livestock, they are more efficient converters 

of feed (Flachowsky & Kamphues, 2012), which means that the systems are not as ‘leaky’. 

It appears that nutrient management in pigs has reached an optimum level given that there 

is no statistical difference between the pre and post implementation periods. This Is 

because breeds and diets have not changed. However, studies are underway testing the 

opportunities to feed peas and legumes to pig (Jezierny et al., 2010). If this were to take 

place on a large scale, LNBs could vary significantly in the future. 

 
It was surprising to not observe a statistically significant difference in the P surplus (as 

found in Table 4-25) for the pig sector for several reasons. Firstly pigs are renowned for 

producing liquid manure, high in phosphate (Renneberg et al., 2017) which is an 

environmental challenge at the regional level (Oster et al., 2018). Secondly pigs are not able 

to utilise phosphorus in the way that ruminants are able. Phytase started to be introduced 

to pig diets during the late 1980s (Partridge, 2018) and estimates suggest 80% of pig 

production costs derived from pig feed costs in the pre-implementation period (Varley, 

1996). Consequently, feed efficiency became a key focus and thus a statistically significant 

decline in the P balance was expected for pigs.  

 

Phytase has indirectly been explored in this chapter, because all feed rations have been 

based on the assumption that phytase is used to help make better use of phosphorus in 

diets (Miller et al., 2016; Sprent, 2014), if all other factors remained constant. Standardised 

pig diets have changed between the pre and post-implementation periods (Table 4-12 and 

Table 4-13) but still large indoor pig facilities (Varley, 1996; Cook et al., 2008) were 

assumed to be in use across the pre and post-implementation periods. Given the findings 

within Table 4-25 it can be inferred that recent changes in standardised pig diets (of which 

this chapter methodology is based upon) have not been to the benefit of P efficiency 

because no statistically significant reduction of P within pig excretion has been observed. 
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At the start of the pre-implementation period, the pig sector was focused on the cheapest 

sources of available feed (The Scottish Agricultural Colleges, 1984a). EU subsidies have not 

been available for the pig sector, and so financial viability without subsidies has always 

been a key concern (Varley, 1996). Going forward and within the post-implementation 

period, there was a move to using fewer purchased concentrate feeds and a greater 

reliance on rapeseed meal and soymeal as a protein source (see Table 4-13) as well as using 

amino acids (Sprent, 2014) as the cost decreased. Other instances of where cost and limited 

availability has had an influence is the case of fishmeal led to its use only in piglet diets 

(Sprent, 2014) by the end of the post-implementation period. Such efficiencies have led pig 

systems to have the smallest nutrient surpluses of all livestock groups (although little 

change between the pre and post-implementation periods). This is a finding which was also 

observed for N and P in Scottish pig systems within (Domburg et al., 2000) of which 

improved feed efficiency had played a part (Bouwman et al., 2013). Indeed these findings 

are considered robust as the industry uses standard diets to avoid over-complication 

(Pomar & Remus, 2019). Given that P requirements have been recently revised downwards  

(Biagini & Lazzaroni, 2018), there are opportunities to revise current diet recommendations 

and reduce P surpluses. As with the work of Biagini & Lazzaroni (2018), this chapter already 

considered the use of di-phosphate (more adsorbable) in pig diets so any future 

improvements need to move beyond this approach. 

 

 Phosphorus LNBs between time periods are only 
statistically significant for dairy 
Declines in P were only found to be significant for dairy cattle (Table 4-25), but no statistical 

significance was determined for other livestock groups. Earlier Table 4-25 showed that 

positive P balances were calculated for all livestock groups across the pre and post-

implementation periods. More recently an Italian study (after the post-implementation 

period in this chapter) also found P surpluses for all livestock groups using a regional 

approach. Furthermore, in France positive P balances have been observed within livestock 

areas (Watson et al., 2019). Bateman et al. (2011) also found that collectively livestock 

systems do have positive P balances in the UK. Alike this chapter, where balances are close 

to 0, a 5.84 kg ha-1 yr-1 is the greatest P surplus (see Table 4-25), P balances were also shown 

to be close to being balanced (Watson et al. 2019). In areas where livestock was not 
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integrated with cropping systems and P surpluses were identified as well as soil P 

accumulation (Withers et al., 2006). 

 Agricultural Parish Nutrient Budgets for N 
As with the findings in this chapter, findings in France have shown that the greatest N 

balances were found for the areas with the greatest livestock densities (Noë et al., 2017), 

despite these systems being managed differently to Scottish livestock systems. Similarly, 

Svanbäck et al. (2019) who focused on a range of livestock systems in Europe, also reports 

on the importance of livestock density. Denmark has a higher livestock density and higher 

nutrient surpluses than exists in the Ythan catchment. These findings show that the EU 

Nitrates Directive to livestock density is directly relevant to improving nutrient balances 

more widely. 

 Future work and methodological needs 
 
Feed Inputs 
Economic efficiency has been a key requirement in meeting nutrient requirements. As for 

the future, feed efficiency should be a key focus, if nutrient efficiency is to improve 

(Oenema, 2006). There is awareness about the need to improve physical feed efficiency 

(feed to gain ratio or sometimes called feed to food conversion) and also the need for 

assessment of feed efficiency for example Shepon et al. (2016). Physical feed efficiency is 

described as the relationship between the amount of animal product (kg), relative to animal 

inputs (kg) and precision feeding can play a role (Biagini & Lazzaroni, 2018). However, in 

the post-implementation period there have been reported improvements as less feed is 

now used for the same output (Tolkamp et al. 2010). For example, focusing on nutrient N, 

and also that livestock are poor converters of N for example it has been estimated that only 

~30% of N consumed by dairy cows is converted to milk or meat (Dewhurst, 1996). 

Therefore efforts to reduce overfeeding protein in diets (of which N is a key element) is 

particularly important (Biagini & Lazzaroni, 2018; Svanbäck et al., 2019). Ultimately, 

systems which receive more inputs have been found to have greater N surpluses (Oenema, 

2006). 

 
On the basis that protein in animal feeds is responsible for importing N into agricultural 

systems, accounting for 30% of feed costs in 2014 (Hazzledine, 2014), there is an 

opportunity to develop livestock diets further-particularly for monogastrics (ABN, 2016). 
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There are opportunities to use more local food in future such as farm-grown bean and peas 

in pig diets without affecting animal growth or farm management (ADHB, 2012), closing 

the N loop and reducing costs. 

 
Clover or sward content 
Grazing is a key feed and thus the composition of the sward and impact on livestock 

production is particularly important. As stated within this chapter, experts in the area cite 

that typically grass swards consist of 5% white clover, which minimises the risk towards a 

poorer quality silage (Frame et al., 1998). This level of white clover is considerably below 

the ‘target’ level of clover required to maximize N fixation. Improving clover content within 

the sward would improve forage intake and subsequently improve livestock liveweight 

gains (Morgan et al., 2016) as well as fixing N in the soil. Beyond this, red clover could help 

to increase N efficiency in the rumen of cattle (Vaughan, 2018). For the dairy sector, 

herbage intake directly effects milk yields, as does the regrowth rate of swards, sward 

structure and grass quality (Curran et al., 2010) all of which have implications for rumen 

efficiency. Encouraging use of white and red clover on the ground is important as it the 

ability to have a more realistic estimate grass/clover proportions, both of which help to 

support N fixation, reduce N fertiliser inputs and close the ‘N loop’. To date, information 

on N fixation is very limited which proved challenging for estimating N fixation rates within 

the Ythan catchment. No governmental dataset currently collects this information. 

Furthermore, fixation can vary greatly between sites, different soil profiles and weather 

conditions. Technical knowledge of N fixation has been developed, with research groups 

having developed swards to have roots which are more stable than other, so as to not 

impede N fixation as well as reduced N loss to the environment (Foster et al., 2007). There 

are challenges in the uptake of good grass management and there remain further 

challenges in determining what grass management is taking place.  

Beyond N fixation, grazing is a key feed source and some grasses have been shown to be 

more efficient in feeding ruminants than others (Foster et al., 2007). Any gains in this 

knowledge, would further help to further knowledge of grazing forage intake and improve 

nutrient budgets. Awareness of sward composition would also improve awareness of 

silage as a feed input. More broadly clamping and baling of silage changes the silage 

composition, yet specific details were not available for this chapter. 
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Chapter 5 Manure from livestock systems 

and its application to cropping systems 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-1 Graphical Representation of the relationship Chapter 5 has with other 
chapters 
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This chapter assess the use of excreta and the ability for excreta to supply nutrients to crops 

and grass. In order to integrate crops and grass with livestock, this chapter considers 

excreta production (manure and slurry) and subsequent excreta application to crops and 

grass (Error! Reference source not found.). It should be remembered that the Ythan 

catchment area itself is very much a mixed farming area (see Chapter 2) and thus organic 

excreta is produced in the Ythan catchment, as well as livestock products, grass and crops. 

Given that there is a mix of cropping land, grass and livestock systems, comprehensive 

nutrient planning which considers the nutrient content of manures produced and the 

integration of these systems i.e. application of excreta to arable cropping land and grass) 

at an agricultural parish scale is currently absent. Whilst not a specific NVZ objective, a key 

part of the NVZ guidelines are designed to help improve the management of excreta as an 

organic fertiliser. The exploration of arable and livestock systems at the agricultural parish 

scale (the scale at which JAC data are available) and linking this excreta data are important 

to help identify how to close the nutrient cycle. This chapter works to close the nutrient 

cycle, by assessing what is technically possible in terms of integrating manure production 

with arable systems. By having an understanding, it is possible to ascertain future policy 

directions. 

 
Not only does making use of excreta (where livestock systems exist) provide an opportunity 

to reduce waste, there is also an opportunity to reduce inorganic fertiliser application 

(Malomo at al., 2018). However, as arable and livestock systems have become decoupled, 

this has provided challenges for nutrient management. Increasingly, this may mean that 

excreta may not be produced near to where cropping land is located. The predominance of 

arable only systems applies to organic farming systems too (Darnhofer et al., 2010; Martin 

et al., 2007). These problems may be more compounded for organic farming systems given 

that inorganic fertiliser (not derived from rocks) cannot be applied. For organic systems, 

this leaves N-fixing crops and green manures to nutrient inputs (Watson et al., 2002). In 

conventional systems, the lack or excreta in one location typically results in the use of 

inorganic fertiliser to fill the gap. However, excreta could be used as an organic fertiliser 

and help to reduce inorganic fertiliser use. Making the best use of organic excreta is also 

advantageous for the farmer, in that making use of this as a fertiliser resource can help to 

boost gross farm margins (Ryschawy et al., 2012; Buckley et al., 2016). Farming systems are 

complex and nutrient flows are important. It has been suggested by Nowak et al. (2013) 
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that organic systems are relying on some nutrient flows from conventional systems 

(particularly when arable and livestock farming is separated). However, the nutrient flows 

within conventional systems and within regional areas are still unclear, and so this chapter 

works to assess nutrient management for typical Scottish systems, making use of the 

manure that is already produced.  

 
In general terms, excreta typically contains a high N content which makes them useful 

fertilisers for crops (Lillywhite & Rahn, 2005). If such excreta are available locally, there is 

the opportunity to use such as organic fertilisers. At present applications are based on 

standard values. However, changes to livestock type and number changes organic nutrient 

production between years. As a baseline, at UK level, it was estimated that cattle, poultry 

and pig manure at the end of the pre-implementation period (first period of this study) 

were producing 445,000 tonnes of total nitrogen and 119000 tonnes of P (Smith et al., 

1998). However a high total nutrient content does not mean that nutrients are readily 

available to the crop (Defra, 2010a) and thus ammonium-N (available N) must be 

determined from manure and slurry applications (SRUC, 2013c). The available N is very 

dependent on the livestock from which they originate. Slurries and poultry manures are 

known to provide high readily available N estimated to provide 40–60% of total N, 

compared with FYM which on average contains readily available N which constitutes 10–

25% of total N (Velthof et al., 2010; SRUC, 2013). If high N concentrations are applied at a 

time when the crops are young, the plant may not be able to use all the nutrients that are 

available (Rollett et al. 2015), and so these surplus nutrients will pose environmental 

challenges (Defra, 2009a) (explored further in Chapters 1 and 2) such as leaching or 

ammonia volatilisation. N2O-N emissions are also derived from manure application, as is 

the case with inorganic fertiliser. In Scotland, it is estimated that 40% of readily available N 

is lost to volatilisation after application to land (SRUC, 2013c). Where the available N is less 

than the N requirement, inorganic fertiliser is typically use on farm to fill the gap (SRUC, 

2013c). For P and K, nutrient availability from organic fertilisers in the short term (before 

the next crop) is considered 50% for phosphorus and 80–90% for potassium of what would 

be available from inorganic fertilisers and the same in the long term (SRUC 2013). Despite 

these nutrients not being as readily available within organic manures, organic fertilisers are 

believed to also be preferable to inorganic fertilisers as they provide additional benefits, 

such as supporting soil structure and soil biodiversity (Watson et al. 2002; ADHB, 2010). 
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Consequently, considering the incorporation of organic manures as part of nutrient 

management is important. 

 
Specific NVZ restrictions regarding organic fertiliser application explicitly state that the 

maximum application rate when using manure and slurry is 170 kg N ha-1 yr-1 (including 

deposition from grazing ruminants) often termed the ‘NMax limit’ (UK Government, 2008). 

However, with a derogation, this can be increased to 250 kg N ha-1 yr-1, which was possible 

in Scotland from 2008, following publication of the NVZ Action Programme (Scotland) 

Regulations, 2008. Farmers are also restricted in the application of manure and slurry 

during ‘closed periods’ within, typically they cannot apply manures during the autumn and 

winter months. Specific ‘closed period’ dates are contained within Regulation 20 within the 

Action Programme for Nitrate Vulnerable Zones (Scotland) for the relevant year. These are 

periods of time when the crop is not actively growing and therefore will not be using 

nutrients from the soil.  It is the storage of these organic fertilisers that can be challenging 

(Malomo et al., 2018). Manure and slurry that cannot be applied, either due to NMax limits 

being exceeded or because of the ‘closed periods’ must be stored for up to six months for 

pigs and poultry or five months for ruminants (UK Government, 2017). As a result, NVZ 

regulations in Scotland specify that the farmer must have storage capacity for six months. 

These  regulations on storage of organic fertilisers tightened within the 2013 Nitrate 

Vulnerable Zone (NVZ) amendments (Scottish Government, 2013c). Outwith these 

regulations, there is no incentivisation in CAP or other regulations for farmers to improve 

nutrient efficiency by linking arable and livestock systems(Quemada et al., 2020). 

Historically the literature and discourse has focused and debated high input vs. low input 

systems. However, focusing on farming in this way, does not consider complexity of 

different systems. Neither does this approach consider the farming systems that surround 

others within a local area, systems which can be interdependent of each other in terms of 

nutrient management.  

 
It is therefore important that the data approach taken in this chapter can help to ascertain 

what is practical possible within an area for which agricultural data are collected 

(agricultural parish level) which can help policy-makers. By using the agricultural parish as 

the focus, this chapter assesses nutrient management at a scale where excreta transport is 

reasonably practical and also at the level where data are available on the extent and type 

of arable cropping, grass and livestock. In similar fashion to the earlier chapters; 1983–1999 
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was treated as the pre-implementation period and 2004–2014, the post NVZ 

implementation period. The application of organic manures on spring crops, winter crops 

and grass are explored at both the crop level and the agricultural parish level. Direct N2O–

N emissions that derive from manure/slurry application were explored. It was assumed that 

prior to the application of manure and slurry that all was stored. The N2O–N emissions 

derived from such storage are explored in this chapter. 
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The methodological approach for this chapter is summarised within Figure 5-2 which 

describes the production of farm-yard excreta (manure and slurry) and the subsequent 

spreading of this excreta to winter crops, spring crops and grass. In the first instance, JAC 

census data for the pre and post NVZ implementation periods outlines livestock numbers 

(Chapter 4).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

              

Figure 5-2: Methodological approach used to calculate APNBs with the integration of 
organic fertilisers for the following livestock groups: Dairy, Beef, Sheep, Pigs and 
Poultry. 
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 Excreta composition and physical characteristics 
Excreta has already been produced in Chapter 4. This chapter uses two approaches to 

assess the integration of excreta from livestock systems with arable systems: 1) the excreta 

values generated in Chapter 4 and 2) based on SAC/SRUC standard values as stated within 

Technical Note TN650 (SAC Consulting, 2013; SRUC, 2013c). Using these the standard 

values, acts as a form of sensitivity analysis against the values that have been generated 

within chapter 4. This chapter is concerned with the manure that is collected during the 

housing period and not excreta that grazing land receives. As such, organic fertilisers were 

only assumed to be collected from livestock when they were housed. The housing period 

was based on the number of days outlined for each livestock type, within the SFMH for the 

respective year. All manure and slurry was regarded as being collected from the housing. 

From the LNBs produced in Chapter 4, nutrient content of excreta was known, but the split 

between FYM and slurry was not. As such for the pre-implementation period, it was 

assumed in the absence of specific data, that there was a 50:50 split between farm-yard 

manure (FYM) and slurry. For cattle within the post-implementation period, it was assumed 

that in line with Macleod et al. (2016), 33.3% of the excreta was managed as slurry and 

66.6% managed as FYM.  For all other livestock groups, it was assumed that in line with 

Smith & Williams (2016), 50% was undiluted slurry and the remaining 50% was FYM. For 

the approach that using these data from Chapter 4, it was necessary to determine the 

nutrients which are available based on the volume of the manure. To do this reference was 

made to the Technical Note TN650, to determine the volume based on standard rates. For 

the approach using standard SAC/SRUC excreta nutrient composition values, typical 

volume was already provided, and so this was just adopted.  It was assumed in both 

scenarios, that all manure was stored for six months (SEPA, 2018), particularly given that 

there are no anaerobic digestion facilities that process slurry or manure in Aberdeenshire 

(Ford, et al., 2017). Given that the Ythan catchment lies within an NVZ area, it was assumed 

that excreta was applied during the spring months only, in line with NVZ requirements (see 

TN650). Therefore, the available nutrients within the excreta were based on spring 

application only.  

 Application of manure nutrients to winter crops, spring 
crops or grass 
For the pre-implementation period, the maximum application rates were assumed to 

reflect the guidance within SAC/SRUC from 1983, to the establishment of the NVZ. 
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Furthermore, where inorganic fertilisers were applied, manure N application were reduced 

to ensure that total application rates did not exceed the maximum N application rates 

(NMax) 170 kg ha-1 yr-1  for arable crops and grass. It is important to note that at the start 

of NVZ implementation, the year 2000 onwards, 170 kg ha-1 yr-1 was treated as the NMax 

application rate for grassland. However, following the Scottish Government gaining a 

grassland derogation in 2008 (Scottish Government, 2013a), 250 kg ha-1yr-1 was regarded 

as the application limit in this chapter from 2008 (in line with legal application limits). It 

was not known the number of farms that had applied for a derogation at any point.  

 
The first approach using chapter 4 data, spread the FYM and slurry on all available cropping 

land and grass. It was cross-checked to assess whether there was more manure produced 

than could be applied in line with maximum application rates. In the second approach, 

using standard data, manure was assumed to be spread in line with BSFP application 

practice in Scotland.  

 
As a result, the area receiving fertiliser was adopted from the treated area (%) within the 

BSFP for the relevant year, alongside the average organic fertiliser field application rate 

applied to the following categories: spring crops, winter crops and grass, as outlined in the 

SFPS and BSFP (MAFF, Defra 1984–2000 and 2005–2014). It is worth noting that from 2007, 

there was a methodological change in the BSFP. This led to farmers stating application rates 

within BSFP survey returns, which provided more detail than the ‘low’, ‘medium’ or ‘high’ 

ranges that were used in the earlier years (Defra, 2015). To avoid complications from the 

BSFP methodological changes, as much as reasonably possible, the median values of the 

‘low’, ‘medium’ or ‘high’ for the affected years were selected. Sadly after 2006, the BSFP 

only reports data aggregated at GB level and is not presented at the Scottish level. Given 

that the livestock composition is very different elsewhere in the UK, it was deemed not 

appropriate to use GB level data. Attempts were made to gain Scottish level data via a 

Freedom of Information Request (FOI) with Defra in 2016 and also through a further FOI 

request and parliamentary written question placed in 2017 (UK Parliament, 2017). 

However, these requests were only partially successful in gaining Scottish level data 

between 2006 and 2010. Subsequently, for the years from 2011, the mean of the four years 

preceding 2010, was applied to the years 2011–2014. No information within the BSFP is 

provided on the amount or how manure or slurry is stored. The main difference between 
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the approaches was the nutrient contribution of the excreta. The standard excreta values 

are shown below within Table 5-1.  

Table 5-1 Nutrient content of livestock excreta. Based on BSFP/SRUC standard values. 
 Kg/t (solid manures) or kg/m3 (liquids/slurries)(4) 

Excreta Type Total N  Total P(1) Total K(2) 

Cattle FYM 6.00 1.38 6.64 

Pig FYM 7.00 2.58 6.64 

Sheep FYM 7.00 1.38 6.64 

Layer Manure 19.0 6.02 7.89 

Broiler Manure(3) 30.0 10.75 14.94 

Cattle Slurry 2.60 0.52 2.66 

Pig Slurry 3.60 0.77 1.99 

(1) Converted from P2O5 to P. 
(2) Converted from K2O to K. 
(3) Also includes turkey manure. It was not possible to gain disaggregated figures. 
(4) Assumed to be stored. 
 

In line with Chapter 4, the manure produced is included within Table 5-2.  
 
Table 5-2: Mean of total available N, P and K of manure and slurry produced in the pre 
and post-implementation periods. 

Time Period Total N manure 
and slurry 

(kg FWyr-1) 

Available N 
(kg yr-1) 

Available P 
(kg yr-1) 

Available K 
(kg yr-1) 

1983–1999 1320000 5280 2530 2461 
2004–2014 1246540 4470 2420 2031 

 

 N2O–N emissions from manure application  
It was assumed that all manure management systems met the NVZ requirements. Direct 

emissions were calculated in a similar fashion to Equations 3.3, 3.4 and 3.5 within Chapter 

3, replacing inorganic fertiliser with organic fertiliser. The remaining budget was then also 

partitioned between direct N2O-N emissions, indirect N2O-N emissions and leaching.  

 N2O–N emissions attributed to manure storage 
It is recognised that within Scotland there is some variability in the management and 

storage of manures and slurries in Scotland (Wiltshire, 2018) and that little investment has 

taken place in Scotland following NVZ legislation (Barnes et al., 2009). As a result, it was 

assumed for solid manure and slurry covered tanks were used based on data from the 

Scottish Survey of Farm Structure and Methods (2016). From 1991 it was assumed that 
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these slurry storage tanks could store at least 6 months’ worth of slurry. The N2O-N 

emissions for a 6 months storage period was determined using the IPCC guidelines (2006) 

in accordance with Equation 5-1, where FL refers to the leaching fraction as defined by the 

IPCC guidelines (2006) within Chapter 11 of the IPCC (2006) report which was selected to 

be 0.1 in line with Wiltshire (2018) and TN refers to total nitrogen in the slurry/manure 

storage tank. Given that storage was limited pre-implementation, as assessment on N2O-N 

in response to storage was only determined for the post-implementation period. Manure 

was later distributed across the whole Ythan catchment. However, excreta produced in 

each catchment, was stored in each catchment in the first instance. 

                          N2O–N =𝑻𝑵 •  (
𝑭𝑳

𝟏𝟎𝟎
)
                                           (Equation 5-1) 

 Data Analysis 
As with the previous chapters, consideration was given to the pre and post-legislative 

periods and the application of organic N to crops within these time periods. t-tests were 

conducted on the excreta application rates for the pre and post-implementation periods 

for N, P and K. Further t-tests were conducted on the resulting nutrient balances based on 

the basis that 170 kg N ha-1 yr-1 of excreta was allowed to be applied post NVZ designation 

and that earlier applications met SAC/SRUC recommendations for the relevant years.  As 

outlined earlier, some grassland is able to receive up to 250 kg N ha-1 yr-1 and consequently 

this would change the nutrient budgets; namely reduce external inorganic fertiliser inputs. 

Consequently, nutrient budgets were produced where application rates remained the 

same for winter-sown and spring sown crops, but where the maximum application rate was 

250 N ha-1 yr-1 to grassland. In these derogation nutrient budgets inorganic fertiliser 

application was reduced. Whilst the derogation is for N, P and K budgets were also reduced 

in proportion to the P and K that could be reduced based on the ratio of N within the 

excreta. 

A comparison of direct N2O emissions from application between the pre and 

post-implementation periods were also tabulated as was the storage of each solid manure 

and slurry type and the subsequent N2O emissions attributed to the storage of the organic 

excreta.  
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The results are separated in two parts 1) the production and use of organic excreta and 2) 

the N loss as N2O–N emissions from both manure application as well as the loss from 

manure and slurry storage.

 Application Rates and area of FYM and Slurry 
Application 
FYM and slurry (excreta) which is stored for 6 months was subsequently assumed to be 

applied to crops and grass within the pre and post-implementation periods. It is 

appreciated that within the pre-implementation period, storage will have been limited. 

Application rates of excreta to crops and grass and the percentage area that typically 

receives inputs of excreta is shown for winter-sown crops (Table 5-3), spring-sown crops 

(Table 5-4) and grass (Table 5-5).  

 
Winter-Sown Crops  
Application rates for winter-sown crops are higher in the post-legislative period than the 

pre-legislative period (Table 5-3). The greatest change is observed for cattle slurry where 

the average application rate is 8 m3 ha-1 greater for cattle slurry within the post-legislative 

period. The area of land receiving manure and slurry from all livestock types has increased 

within the post-legislative period with the exception of pig slurry for which the area of 

application remains unchanged.  

 
Spring-Sown Crops 
On the whole, more FYM and slurry is applied to spring-sown crops in the post-legislative 

period (Table 5-4). The exception to this is pig FYM which on average remains unchanged 

at 23 m3 ha-1. The area of land receiving excreta from all types of slurry and manure is higher 

within the post-legislative period when compared with the pre-legislative period. 

 
Grassland 
The greatest difference in the application of between the pre and post-legislative periods 

was observed for grass (Table 5-5). It is this table that shows a lower cattle FYM application 

rate to grassland by 1 m3 ha-1 and 4 t; m3 ha-1 lower for cattle slurry in the post-legislative 

period compared with the pre-legislative period. Whilst there have been these changes 

with cattle manure and slurry, these changes are occurring at the same time that the 

application rate of layer and broiler manure to grassland has increased, combined with a 

greater percentage of the area that is receiving this kind of manure and also that 
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proportionally more manure is applied to winter and spring crops which suggests this is 

leading to these results. The higher cattle numbers in the pre-legislative period (see 

Chapter 3) will also be a key factor. 
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Table 5-3: Average field application rates for winter-sown crops and the proportion of the area used to grow winter-sown crops that receives excreta.  
Pre-implementation Period Post-implementation Period 

 SFPS and BSFP excreta application rates (m3 ha-1) Area receiving excreta (%) SFPS and BSFP excreta application rates (m3 ha-1) Area receiving excreta (%) 

Excreta Type Mean
 

SEM Median Mean SEM Median Mean SEM Median Mean SEM Median 

Cattle FYM 17 1.0 18.30 5.3 0.5 4.3 22 0.1 21.10 6.6 1.8 6.2 

Cattle slurry 19 0.2 18.90 0.5 1.0 0.4 27 2.5 26 1.1 1.5 1.3 

Pig FYM 19 2.0 17.80 0.75 1.2 0.1 23 0.4 25.5 0.8 1.2 0.75 

Pig slurry(2) 

 
23 1.5 22 1.0 0.3 0.8 30 0.1 31 1.0 0.4 1.0 

Layer manure(2) 7 1.6 6.8 1.0 0.5 0.75 8 0.2 7 1.3 0.5 1.2 

Broiler manure(1)(2) 9 1.9 8.2 1.0 0.65 0.8 10 0.3 8 1.4 0.2 1.4 
(1) Also includes turkey manure. It was not possible to gain disaggregated figures. 
(2) Important to note that anaerobic digestion is being increasingly used for these excreta, although as described earlier not likely to be of relevance within the  
Ythan catchment 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Mean application 
decreased in the 
post legislative 
period 

No change 

Mean application 
increased in the 
post legislative 
period 
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Table 5-4: Average field application rates for spring-sown crops and the proportion of the area used to grow spring-sown crops that receives excreta.  
Pre-implementation Period Post-implementation Period 

 SFPS and BSFP excreta application rates (m3 ha-1) Area receiving excreta (%) SFPS and BSFP excreta application rates (m3 ha-1) Area receiving excreta (%) 

Excreta Type Mean
 

SEM Median Mean SEM Median Mean SEM Median Mean SEM Median 

Cattle FYM 19 2.0 23 20.0 2.7 15 23.8 0.8 20 23.5 3.0 24.0 

Cattle slurry 31 2.1 36 3.5 1.0 2.5 33 1.6 31 4.2 2.0 4.0 

Pig FYM 23 0.8 26 1.0 2.0 0.8 23 0.8 19.8 1.8 1.5 1.5 

Pig slurry(2) 

 
20 0.6 22 0.3 2.3 0.5 26 2.0 23 0.5 1.2 0.3 

Layer manure(2) 8.4 0.9 8.5 0.3 1.2 0.9 9 1.2 5 1.3 0.8 1.6 

Broiler manure(1)(2) 7.0 0.92 7.1 0.3 1.4 0.55 8 0.2 6 1.4 0.7 1.6 
(1) Also includes turkey manure. It was not possible to gain disaggregated figures. 
(2) Important to note that anaerobic digestion is being increasingly used for these excreta, although as described earlier not likely to be of relevance within the  
Ythan catchment 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Mean decreased 
in the post 
legislative period 

No change 
Mean increased 
in the post 
legislative period 
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Table 5-5: Average field application rates for grass and the proportion of grass area that receives excreta.  
Pre-implementation period Post-implementation period 

 SFPS and BSFP excreta application rates (m3 ha-1) Area receiving excreta (%) SFPS and BSFP excreta application rates (m3 ha-1) Area receiving excreta (%) 

Excreta Type Mean
 

SEM Median Mean SEM Median Mean SEM Median Mean SEM Median 

Cattle FYM 18 2.3 17 22 0.5 20 17 0.8 18 24 2.3 23 

Cattle slurry 34 1.2 35 23 0.6 20 30 1.5 34 26 3.5 26.10 

Pig FYM 15 0.2 15.2 10 0.5 16 20 2.7 24 10 2.0 9 

Pig slurry(2) 

 
9 0.1 9.7 0.6 1.0 1.0 10 0.8 12.1 0.3 0.2 0.5 

Layer manure(2) 10 0.5 10.2 0.1 1.0 1.2 13 0.5 16 0.4 0.1 0.8 

Broiler manure(1)(2) 9.5 0.5 9.75 0.1 0.5 0.3 13 0.6 14 0.35 0.2 0.5 
(1) Also includes turkey manure. It was not possible to gain disaggregated figures. 
(2) Important to note that anaerobic digestion is being increasingly used for these excreta, although as described earlier not likely to be of relevance within the  
Ythan catchment 

 

 
 

 
 

 

 

 

 

 

 

 

Mean decreased 
in the post 
legislative period 

No change 
Mean increased 
in the post 
legislative period 
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 Nutrient balances and manure/slurry application taking 
account of organic excreta 
The following Tables 5-6, 5-7 and 5-8 outline the earlier crop and grass APNBs (see Chapter 3) 

which have now been reproduced to take account of the contribution of manure and slurry 

application. No other inputs were altered. Where FYM and slurry was sufficient, a positive number 

was placed within the ‘ability to reduce inorganic fertiliser application’ box.  Put simply, there is 

enough manure within agricultural parishes to reduce inorganic fertiliser use, particularly for P 

and K. For some agricultural parishes, this applies for N, but this is more variable than it is for P 

and K. This is despite livestock changes, such as reduced cattle and reduced poultry. It is clear 

from Table 5-9, that the agricultural parishes which have a greater livestock number, have a 

greater contribution to N2O emissions.  

 N2O–N emissions from manure and slurry application and 
storage 

Following on from the Chapter 3, the emissions from application of organic excreta has provided 

an understanding of the fate of the nutrient surpluses, by partitioning the nutrient budgets. The 

results of which are outlined below in Figure 5-3. N2O-N that is lost from slurry and manure 

storage is shown in Figure 5-4.  
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Table 5-6: Livestock APNBs for N referencing the pre-implementation period APNBs and the post-implementation APNBs accounting for grassland 
derogation.  

 

 

 

(kg N ha-1 yr-1) 

 
 Pre-implementation period Post-implementation period  

 APNBs from 
Chapter 3 

APNBs for excreta 
spreading on arable 

land and grass 

Remaining N 
balance if excreta 

was applied to 
reduce or mitigate 

an inorganic 
fertiliser deficit 

APNBs from 
Chapter 3 

APNBs for excreta spreading 
on arable land and grass 

Remaining N 
balance if excreta 

was applied to 
reduce or mitigate 

an inorganic 
fertiliser deficit 

 

Difference between APNBs 
from Chapter 3 and APNBs for 
excreta on arable land and 
grass 

Agricultural Parish Mean Mean 

 

 Mean 

 

Mean 
 

 p-value SED 
New Deer 3.01 5.28 2.27 6.29 7.99 1.7 0.03 1.311 
Ellon 3.88 4.60 0.72 6.46 7.53 1.07 0.05 1.462 
Foveran 4.04 4.38 0.34 4.93 6.78 1.85 0.06 1.975 
Logie Buchan 8.90 4.90 -4.0 8.27 5.12 -3.15 0.09 0.345 
Methlick 9.35 5.81 -3.54 7.02 6.10 -0.92 0.04 1.643 
Slains 5.90 4.25 -1.65 7.22 6.03 -1.19 0.26 1.712 
Tarves 7.98 4.86 -3.12 6.27 6.28 0.01 0.14 0.892 
Udny 7.77 4.72 -3.05 7.35 6.88 -0.47 0.02 0.901 
Meldrum 9.65 5.15 -4.5 7.60 6.63 -0.97 0.06 1.876 
Aucterless 5.72 3.98 -1.74 5.59 6.15 0.56 0.05 0.870 
Fyvie 0.88 3.23 2.35 4.71 5.98 1.27 0.08 1.895 
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Table 5-7: Livestock APNBs for P referencing the pre-implementation period APNBs and the post-implementation APNBs considering grassland derogation. 

(kg P ha-1 yr-1) 

 
 Pre-implementation period Post-implementation period  

 APNBs from 
Chapter 3 

APNBs for 
excreta 

spreading on 
arable land and 

grass 

Remaining P 
balance if 

excreta was 
applied to 
reduce or 

mitigate an 
inorganic 

fertiliser deficit 

APNBs from 
Chapter 3 

 

APNBs for excreta 
spreading on arable 

land and grass 

Remaining P 
balance if excreta 

was applied to 
reduce or mitigate 

an inorganic 
fertiliser deficit 

Difference between APNBs from 
Chapter 3 and APNBs for excreta 

on arable land and grass 

Agricultural Parish Mean Mean 

 

 Mean Mean 

 

 p-value SED 

New Deer -0.27 2.03 2.3 -0.61 1.80 1.19 0.05 0.654 
Ellon 0.05 3.12 3.07 -0.40 3.00 2.60 0.03 1.021 
Foveran 0.57 1.14 0.57 0.02 1.30 1.28 0.46 0.417 
Logie Buchan 0.38 0.98 0.6 -0.14 1.41 1.27 0.05 0.324 
Methlick 0.51 1.03 0.52 -0.01 1.00 0.99 0.06 1.420 
Slains 0.75 1.89 1.14 0.25 1.95 1.7 0.02 0.324 
Tarves 0.32 1.65 1.33 -0.21 1.72 1.51 0.58 0.721 
Udny 0.67 2.51 1.84 0.28 1.98 1.7 0.46 1.254 
Meldrum 0.81 2.07 1.26 0.57 1.42 0.85 0.04 2.014 
Aucterless 0.45 1.65 1.2 0.10 1.70 1.6 0.01 0.456 
Fyvie -0.11 2.78 2.89 -0.63 2.66 2.03 0.03 0.378 
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Table 5-8: Livestock APNBs for K referencing the pre-implementation period APNBs and the post-implementation APNBs considering grassland derogation. 

(kg K ha-1 yr-1) 

  APNBs from 
Chapter 3 

APNBs for excreta 
spreading on arable 

land and grass 
 

Remaining K 
balance if 

excreta was 
applied to 
reduce or 

mitigate an 
inorganic 

fertiliser deficit 

APNBs from 
Chapter 3 

 

APNBs for excreta 
spreading on 

arable land and 
grass 

Remaining K 
balance if 

excreta was 
applied to 
reduce or 

mitigate an 
inorganic 
fertiliser 

deficit 

Difference between APNBs 
from Chapter 3 and APNBs for 

excreta on arable land and 
grass 

Agricultural Parish Mean Mean  Mean Mean 
 

 P value SED 

New Deer -2.95 -3.29 -0.34 3.29 4.52 3.29 0.21 1.23 
Ellon -1.39 -1.29 0.1 5.10 4.57 5.1 0.03 -0.53 
Foveran 0.89 0.62 -0.27 0.92 1.83 0.92 1.83 0.91 
Logie Buchan 0.33 -0.21 -0.54 1.21 1.98 1.21 0.12 0.77 
Methlick 0.78 0.26 -0.52 0.26 1.62 0.26 0.31 1.36 
Slains 0.89 0.47 -0.42 0.47 2.87 0.47 2.87 2.4 
Tarves 0.49 0.14 -0.35 0.14 1.15 0.14 1.15 1.01 
Udny 1.12 0.84 -0.28 0.91 2.10 0.91 0.01 1.19 
Meldrum 1.51 1.91 0.4 1.91 3.12 1.91 0.12 1.21 
Aucterless 0.02 0.15 0.13 0.15 1.22 0.15 0.05 1.07 
Fyvie -1.92 -2.61 -0.69 2.61 1.98 2.61 1.98 -0.63 
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Figure 5-3: Partitioning of the APNB agricultural parish gate nutrient budgets derived from organic excreta application (manure and slurry) 
incorporating derogation SFPS/BSFP application rates.  
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Figure 5-4 shows that the N2O-N emissions vary depending on the livestock composition of agricultural parishes, with the largest agricultural parishes 

being more cattle intensive than small agricultural parishes in the post-implementation period.  

 

 

 

 

Figure 5-4: N2O–N emissions derived from leaching within manure and slurry storage for the post-implementation period (kg N2O–N).
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 Assessment of excreta production 
The decline in cattle numbers has had significant influence on nutrient management, given 

that cattle are responsible for more excretion per animal than other livestock types. For 

example, it has been estimated at UK level that 80% of manure produced during the housing 

period is from cattle (beef and dairy) (Smith & Williams, 2016). Cattle manure also contains 

higher amounts of N, P and K (SAC Consulting, 2010) and therefore has the greatest 

influence on nutrient management. It is important to note that the contribution of manure 

and slurry is not necessarily proportional to the area of land the livestock occupies. For 

example Wiltshire (2018) estimates that across Scotland it is the dairy sector that produces 

half of the slurry, but occupies much less than 50% of the area. It is really interesting to see 

that organic excreta has the potential to reduce inorganic fertiliser application in the Ythan 

catchment if managed well. Given this finding, understanding how information is used in 

the farming community would seem important if better use of excreta were to be persued 

further. Thus going forward, Chapter 6, provides an indication of the best sources to 

transfer information—in this case, the use of manure and slurry.  

 Application of Organic Manures 
The value of manure and slurry is now recognised more than ever, which has meant that 

within the post-implementation period Tables 5-3, 5-4 and 5-5 greater manure application 

rates are shown for spring sown crops. There is a similar picture for winter-sown crops, but 

although there is variation between the pre and post-implementation, it is not as significant 

for winter-sown crops. Autumn manure application is said to be responsible for increased 

leaching, when compared with spring application (Chambers et al., 1999). Perhaps 

recognition within the farming community about this influenced these application rates 

even in advance of an NVZ being devised. Latterly there is some indication that based on 

BSFP data at GB level, there has been a move towards greater application of organic 

fertilisers in the spring rather than in winter (Table 5-4), a finding that has also been 

observed by Smith and Williams (2016). For grass (Table 5-5) there is some variation 

between time periods-this is reflective of the changing winter livestock periods (housed).  
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 Implications for Nutrient Budgets 
Focusing at the agricultural parish level shows the opportunities that there are for better 

use of manure and reducing inorganic fertiliser application. Some manure at present 

appears to be wasted. The calculations have not assumed that the manure is exported 

beyond the agricultural parish, as the greater the distance, the more impractical transport 

would be. It is interesting to note that dairy farms in Ireland and France do not tend to 

export manure and feed is heavily dependent on grazing, and it is these farms which have 

been found to have smaller N surpluses (Quemada et al., 2020). In contrast an Italian study 

has found that at crop level the N surpluses have mainly been driven by manure input 

(Bassanino et al., 2007) and in the UK earlier field trials have recognised that N and P have 

accumulated where organic fertilisers have been used relative to inorganic fertilisers 

(Edmeades, 2003). At present given the Nitrates Directive (1991) manures are applied 

according to N input, but this is likely to be leading to surplus P within farming systems 

(Edmeades, 2003). The converse has been observed where manure application has been 

limited such as in organic systems, leading to concern about P inputs into arable systems 

(Cooper et al., 2018) particularly for stockless systems (Nowak et al., 2013). Ultimately the 

varying amounts of nutrients within excreta means that manures and slurry are more 

challenging to use than synthetic fertilisers (Macleod et al., 2016). 

Increasingly N losses within excreta (if leaves farm or is not used) are externalised by 

farmers which means that the losses from this flow are not considered (Quemada et al., 

2020), but this assessment at agricultural parish level considers nutrient management 

alongside all the excreta that is produced in the area. As a result, there is greater 

understanding of nutrient management. It is interesting to note that in 2017, German 

guidelines changed with regards to the Nitrates Directive (1991) which included greater 

reference to manure (Kuhn et al., 2020; Kuhn et al., 2019). A key limitation of the approach 

is that the transportation of manure could be seen as moving the nutrient burden from one 

area to another (Kuhn et al., 2020). 

 Encouraging better use of excreta 
The results in this chapter demonstrate the value of the excreta; in terms of using these 

nutrients to support a reduction of inorganic fertiliser use. The findings show enough 

manure and slurry is available to be applied up the maximum N limits (either NMax or 
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technical guidelines within SAC/SRUC technical notes) within all years for crops and grass. 

Specifically, in all years, there is more manure/slurry than is able to be applied within 

maximum N limits. It should be noted that the ability to use all of the manure and slurry 

that is produced has been regarded as a key mitigation strategy for emissions in the north 

east of Scotland (Feliciano et al., 2014). What is interesting is that this study has shown how 

far this is feasible at an agricultural parish level, on the assumption that manure can easily 

be transferred and applied to crops and grass. The current oversupply within Ythan 

catchment agricultural parishes needs to be recognised, as this oversupply is likely to be 

waste, as the further that manure and slurry is transported the greater the complications, 

and thus increases the risk of it being wasted.  

A clear finding is that inorganic fertiliser applications to crops and grass were able be 

reduced, by manure and slurry taking a greater role in fertilisation. However, whilst this is 

practically possible from the data perspective as outlined in this chapter, it does not mean 

that this is taking place even with NVZ regulations in place. It is recognised that there is no 

economic incentive at present to use manures (Leip et al., 2019). Furthermore, with arable 

farms operating independently to livestock, manure management is not instinctive as the 

farmer is not considering the amount of manure that they themselves are producing. To 

better manage manures, suggestions such as considering GHG emission contribution or 

establishing an economic value (Leip et al., 2019). Whilst these approaches may address 

some of the ill effects from oversupply of manure (in this solely food producing agricultural 

system), if the value of manure were to compete with biogas for example, this would 

challenge closing the nutrient loop of farming systems, disrupting the nutrient balance. 

Furthermore, most of the focus in the case of biogas would be on N and there would be 

limited focus on other nutrients such as P and K, of which manures and slurries are regarded 

as good sources. 

 Manure and Slurry Storage 
There are challenges in determining the N2O–N emissions that arise from stored manure 

and slurry. Firstly, it is not known how accessible the slurry and FYM stores area, and thus 

how quickly excreta is moved from the farm into a system. The speed at which manure and 

slurry are moved to storage has implication for emissions. Storage types can also vary, again 

having implications for N2O emissions. It is noted that there can be challenges in storing 
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manure if there are wet conditions in the spring and this can influence farmer decision 

making. For example, it has been identified that German farmers are applying more in the 

autumn, often exceeding limits (Kuhn et al., 2020). If overapplication is occurring in practice 

the contribution of manure storage, as stated in this chapter, could be overstated. 

 Methodological Innovations 
The approach used in this chapter is advantageous as it helps to place the earlier 

assessments within chapters 3 and 4 in context with manure production and application. It 

is particularly as farmers typically make use of standard values to manage nutrients. These 

standard values were sourced from the BSFP, Defra (RB209) or the SRUC Technical Note 

TN650 and thus an assessment using these values at a scale larger than the farm is highly 

valuable. Comparison with standard values has been used in other studies such as in Italy 

with Bassanino et al. (2007). The work has deliberately not assessed the economic cost of 

manure, as costs change over times, and also because selling between agricultural parishes 

has been disregarded.  

It has been interesting to link nutrient practice with JAC data and compare the changes over 

time. Whilst JAC data has been used to determine manure and slurry production for some 

years at Scotland level (Wiltshire, 2018), the dataset has not been used for numerous years 

in this study or at the agricultural parish level. Unlike in Germany and elsewhere where 

there has been a recent change in legislation stipulating manure procedures, this has not 

been explicitly stipulated in the UK/Scotland (only focus on N) and as such an assessment 

of the contribution that manure provides enables us to explore this further. It is an 

advantageous assessment as it uses the best available government data that can be sources 

at present and places it on agricultural parishes that are currently subjected to NVZ 

regulations. In doing so, each agricultural parish becomes a ‘datapoint’ which is particularly 

useful to compare across the agricultural catchment. Furthermore, compared with other 

approaches, the assessment of K is invaluable. This is because this nutrient has not been 

regulated within nutrient legislation and thus is an indicator in a sense to ascertain if the 

focus on N and P also has a positive contribution on the other macro-nutrient that is seldom 

studied.   

Information on agricultural practice in this regard with the Ythan catchment is limited 

particularly if farmers self-report and thus are less inclined to confirm that farms would be 
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exceeding legal limits. It is difficult to ascertain where there is not compliance and as a 

result other studies like this chapter typically assume compliance (Kuhn et al., 2020), but 

this may not be the case in reality. However, this study by focusing at an agricultural parish 

level and using JAC data helps to avoid dealing with the issue of non-compliance. 

 Methodological Considerations 
 
Changes to government datasets 
Whilst the SFPS/BSFP dataset has remained the same in name across the years, there are 

some key methodological differences in terms of data amalgamation, data collection and 

representation on the data. Firstly prior to 1992, the data was held within the SFPS for 

Scotland as there was no GB publication. After the formulation of the BSFP from 1992 

onwards, the data collection approach changes in the following ways. Firstly, in 2000 rather 

than the sample of farms changing year on year, the 20% of farmers were used from a panel 

were kept for the following five years (Alison Wray, 2017). 

 
Excreta Nutrient Content 
In both approaches, whether using the values from Chapter 4 or adopting the standardised 

nutrient values, excreta values are in part influenced by diet and it is that N content which 

goes on to influence N2O emissions. It is recognised that diet can be a key factor in 

influencing GHG emissions (Sanchez-Martín et al., 2017), but given that there is some 

suggestion that standardised diets may not always be fed (Vaughan, 2018), determining 

this influence would be a complex task. A further complexity, which has greater influence 

on N2O emissions is the straw within excreta particularly within storage. Whilst the typical 

amount of straw within excreta is known, storage conditions can influence emissions, for 

example crusting and storage covers as well as separation within slurry stores can increase 

N2O emissions but decrease other emissions (Wiltshire, 2018). 

 Limitations 
 

Collaboration within the farming community 

The results in this chapter show what is feasible if all manure was spread and stored. The 

methodology itself is rather mechanistic and that can be a limitation. The movement of 

excreta implicitly assumes that farmers would collaborate. However, such collaboration 
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would depend on the strength of the networks in the farming community. These social 

interactions are so important in manure management, for example, collaborative 

partnerships have already been studied in different farming communities (Asai et al., 2014). 

The perceived value excreta would also be determined through the information sources 

that farmers use. As a result, Chapter 6 that follows this chapter is highly important to help 

place future manure management in context.  

Soil nutrient stores 
The nutrient balance within the soil within the previous year was not assessed. Each year 

was taken as an annual assessment. This made sense for this study in that, there can be 

variation across the depth of the soil and also across a spatial area that is only possible to 

assess through long-term monitoring (Quemada et al., 2020). Whilst it makes practical 

sense given the complexities, the challenges in understanding this is a limitation for the 

understanding of nutrient management as a whole. In any case, this would be difficult to 

assess at an agricultural parish level due to the likely variability and thus a farm level 

approach remains the best approach to understand the soil balance.  

Nutrient Content and Application of Excreta 
There have been some challenges in understanding the value of excreta given that there 

are differences that need to be considered in the consistency and availability of nutrients 

(Edmeades, 2003). One challenge is that, P has been considered as having a lower efficiency 

to inorganic fertiliser in the year of application (Smith et al., 1998). Another challenge is 

that the ratio of nutrients within manures do not directly correspond to the crop nutrient 

uptake (Edmeades, 2003). 

It has been argued that in practice it may be more effective for inorganic fertiliser to be 

used in terms of direct crop nutrient need (Leip et al., 2019). This is because depending on 

the diet of livestock and management conditions, plus the storage of the excreta nutrient 

content can vary, excreta can help to reduce the reliance on inorganic fertiliser use. A 

general understanding on how excreta is applied to land typically in the Ythan catchment 

has been applied in this chapter, but there is limited information on how excreta is 

specifically applied to land within the area.  

As with other work in this area, it was not possible to assess the soil and climate other than 

some reference to some general Scottish practice. Given that this was a catchment 
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approach, this was appropriate for the scale of the work.  However given that it is suggested 

that there can be significant variability over small areas, it does not come as a surprise that 

others have indicated the need to integrate soil and climate data into datasets (Quemada 

et al., 2020). Such an approach would be particularly beneficial to help understand the 

effects on emissions. Ultimately building a dataset which would integrate data and provide 

more scope than at a Scottish level would be beneficial. This is particularly the case given 

that it is costly to transport organic excreta across long distances (Lord et al., 2006), and 

that if there is to be a ‘closed loop’ on nutrient recycling it is paramount that local conditions 

are considered.  

Manure and Slurry Storage-Data availability 
Scottish and UK government datasets do not currently indicate the storage type found on 

farms, and therefore there is a limited understanding on whether best-practice is taking 

place (Wiltshire, 2018). Whilst farmers have been surveyed on farm practices within the 

Scottish Survey of Farm Structure and Methods (Scottish Government, 2016e), as of 2016 

farm advisers believe that some findings may over-state practice that is taking place, for 

example an overestimation of low-emission spreading techniques. However, despite these 

data challenges, given the NVZ requirements, variability on manure and slurry storage 

within the Ythan catchment will not be as pronounced. Despite this uncertainty remains 

and this uncertainty does not help in determining N2O emissions at either this level of 

indeed help with the assumptions that are made in the current emissions inventory 

(Wiltshire, 2018). Interestingly this is also the case with German datasets (Kuhn et al., 2019) 

and thus makes it complex to understand manure storage across the EU. 

 
Understanding the influence of the derogation beyond farm level 
The challenge in this chapter was that the derogation is applied at the farm level, yet this 

chapter in keeping with the whole thesis, refers to the agricultural parish level. Given that 

80% of the farm needs to consist of grass to be eligible (Scottish Government, 2013a), it 

was not possible to determine which farms within the parish were eligible. An assumption 

was made in the chapter that all grassland would be eligible to the derogation, by way of 

demonstrating what occurs if policy opportunities are maximised by farmers. In reality 

though given that farmers need to apply every year (Scottish Government, 2013a), it may 

be possible that some land is eligible but not taking up the derogation. As with other 
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cropping data whether legumes are used and the crop that follows cannot be determined 

at the agricultural parish scale-this is more assessment for the farm scale. 

 Future Work 
In future years, a review of this approach will be necessary if management of manure and 

slurry changes. For example, increasingly applications of cattle FYM are believed to be 

applied to land/incorporated within <6 hours (Smith and Williams, 2016) in areas outwith 

NVZs. The NVZ limits on application in many ways limit management approaches to manure 

and slurry.  

Methods of Manure and Slurry Application 
From the data that is available within government datasets it was not possible to determine 

manure/slurry application approaches. This is a shame, as it is known that the way manure 

and slurry is applied does influence emissions. However, the results can be complex, with 

more recent evidence suggesting that band spreading and injection may increase nitrous 

oxide emissions (Macleod et al., 2016) unlike what is commonly thought.  

 
Bio-digestate, Urban Waste and other manures 
The focus of this chapter was on organic excreta produced by pigs, sheep, dairy cattle, beef 

cattle, layers and broilers. This was useful as it helped to indicate the integration of these 

key livestock systems with arable systems (closing the loop). It does however, exclude other 

manures and nutrient sources that could be useful and often had an agricultural origin to 

begin with, such as waste food (Case et al., 2017). The focus of future work could integrate 

these other manures—but to do so more comprehensive government data would be 

necessary. 

 
Grassland 
The greatest uncertainty remains for grassland, given that management of grass is so varied 

(as already described in Chapter 3). Given that a requirement of applying for a derogation 

is that a phosphorus fertilisation plan needs to be kept on a field basis (Scottish 

Government, 2013a), and thus an indirect influence is that greater consideration may be 

given to phosphorus because of this requirement. The influence of this in terms of 

management attitude, but also impact on grassland would be useful to ascertain in future 

work going forward.  
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N2O emissions 
It has been suggested in the literature that there should be separate emission factors for 

application of manure and slurry to grass as well as arable land (Velthof et al., 2010). This 

would help to better assess the contribution of different livestock groups, particularly for 

pigs where slurry is a large component.  

 General Conclusions 
At present the guidelines for farms within NVZs specify a maximum N limit, but there is no 

reference to specific farm demographics or a specific achievable farm aim. Furthermore, 

there is no integrated linkage between the Nitrates Directive and the Common Agricultural 

Policy at present. Indeed Quemada et al. (2020) has suggested that farm specific indicators 

for nutrient efficiency should be more integrated into the Common Agricultural Policy. 

Whilst this may incentivise farmers on the ground, it is the collective improvements 

between sectors that are important. The agricultural parish scale is useful enough to 

provide context and currently fits with current data JAC collection and indeed can be linked 

into NVZs, which of course is a feature of the Nitrates Directive. The agricultural parish 

approach is particularly invaluable as each agricultural parish acts as effectively as a 

datapoint, meaning that comparisons can be made between agricultural parishes. 

However, excreta use can be very farm dependent. As such exploring nutrient use by a 

survey specifically within the area as will be shown in Chapter 6, is advantageous.  

Currently the Nitrates Directive stipulates that inorganic fertiliser application should be 

reduced taking account of excreta applications, but the contribution that this makes to NBs 

is not so widely understood. It is known that deficits in P and K balances based on inorganic 

fertiliser application were identified in Chapter 3. Saying this, other studies have found that 

where P and K has been in deficit in other arable systems there has been a reliance on 

inorganic P and K rather than manure (Smith et al., 2015). As such the findings in this 

chapter are enlightening.  
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Farm Information Use 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6-1: Graphical representation of the relationship Chapter 6 has with other chapters 
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This chapter assesses the importance of decision-making to nutrient management 

(Figure 6-1). Whilst nutrient budgets are tools, they do not contain specific decision-making 

criteria. Furthermore, it is important that the earlier nutrient budgets based on national and 

standard values are cross-checked against farm level data. Consequently, this chapter 

worked to assess these values against the national data used within Chapters 3, 4 and 5. 

These NBs (CGNBS, LNBs, APNBs) indicate nutrient practice within agricultural systems. 

However, these earlier NBs do not explain the decision-making process, or capture nutrient 

management decisions made by the individual farmer. Furthermore, whilst government and 

secondary data was used within Chapters 3, 4, and 5 these data are collected from national 

data and thus includes  agricultural systems where regulatory differences exist. Given that 

the Nitrates Directive stipulates management practice within NVZ areas, it is important these 

impacts can be assessed. It has already been proposed that the BSFP should report on NVZ 

areas and non-NVZ areas separately as there may be of benefit to policy makers (Fernall, 

2015). Chapter 6 provides focus on the NVZ itself. An NVZ focus has not been possible to date 

due to the way in which data are amalgamated.  

 
Surveys and farm visits have been used to assess nutrient management, manure 

management or produce nutrient budgets on farm (Haas et al, 2007; Biagini & Lazzaroni, 

2018; Ndambi et al, 2019). Farmer attitudes and behaviour within NVZ areas in Scotland have 

also been collected (Barnes et al., 2013; Barnes & Toma, 2012). However, few studies have 

combined the assessment of nutrient management and behaviour within one study. Given 

that farmer intentions are considered important if nutrient management is to improve 

(Daxini et al., 2018), assessing nutrient management alongside behaviour is important. 

Knowledge exchange is regarded as a key determinant of intentions—intentions which lead 

to behaviour on the ground (Hauck et al., 2016; Wood et al., 2014). Intentions as a concept 

has been explored using the Network Analysis approach in the literature (Wood et al., 2014), 

some specifically assessing livestock farming (Vishnu et al., 2019), and others assessing 

adoption of agricultural technology (Ramirez, 2013). The Network Analysis approach is 

defined as an assessment of the relationship between entities and the impact that these 

different relationships have (Wasserman & Faust, 1994). To date, there are no assessments 

of applying Network Analysis to the nutrient challenge.  
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Increasingly there is an interest in evidence based decision making (Rose et al., 2016) and 

NBs could play an important role in providing this evidence. On farm nutrient planning in 

Scotland can be influenced by the software tool called PLANET (Planning Land Applications 

of Nutrients for Efficiency and the environment) in Scotland (PLANET nutrient management, 

n.d.; SRUC, 2015), which incorporates NVZ legislative features within the tool (PLANET 

nutrient management, n.d.) and MANNER-NPK in relation to manure, first released in 2000 

have helped inform nutrient management, particularly in terms of the total and available 

nutrients that are applied to crops and grass. Composite tools such as the Public Goods Tool 

(Gerrard et al., 2011), have also included ‘nutrient management’ as a public goods category 

within the tool which was designed for farmer use. The Public Good Tool uses N,P and K 

balances and manure management to assess this public good (Gerrard et al., 2012). Recently 

a decision support tool called the Farm Sustainability Tool for Nutrients (FaST) has been 

developed (European Commission, 2019a). This contains some of the principles behind 

nutrient budgeting has been proposed within the upcoming CAP proposals (2021–2027). 

Understanding how farm level nutrient assessments relate to nutrient management more 

generally within an area is important to provide context to these models. At the same time, 

whilst the wider picture is important (crop, livestock and agricultural parish level), it is 

decisions made by individual farmers that will change nutrient management (European 

Commission, 2016; Jarvis et al., 2011). Consequently, gaining an insight into current farm 

management places the NBs (Chapters 3, 4 and 5) in context and helps to identify specific 

opportunities for improving nutrient management going forward for example, maximising 

manure application (Jarvis et al., 2011).  

 
Following revised legislation in response to the Nitrates Directive, Nutrient Management 

Plans (NMPs) more recently named ‘manure and fertiliser management plans’ in Scotland 

have been a requirement for farms within NVZ areas. Legislation specifies that holdings 

produce these plans so they can be used as a management tool at the holding level. These 

plans use a nutrient budget approach and as such it is thought that understanding the 

nutrient balance on farm will help to assess and change management. The assumption that 

such NMPs would improve nutrient management, led to financial incentives being provided 

by the Scottish Government in 2010 if NMPs were used within non-NVZ areas (Scottish 

Government, 2010c). However there can be challenges in the adoption of nutrient best 
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practice and social factors can be a key influence (Bechini et al., 2019) as can the partnerships 

that farmers share with others such as in the transportation of manure (Asai et al., 2014).  

 
It is already recognised that farmers base nutrient management decisions on a variety of 

information sources, including neighbouring farmers and external experts (see Chapter 2). 

Farmer perception of policy and the perceived trustworthiness of information sources has 

been shown to influence behaviour (Daxini et al., 2018). External sources such as farm 

advisors may not always be the first source for information (Creaney et al., 2015). Many 

farmers make use of decision support systems to manage nutrients on farm (Goulding et al., 

2008) and information is also available from sources such as fertiliser manuals (Professional 

Nutrient Management Group, 2010). At the same time, it is important to recognise that farm 

records, previous farming practice and other farmers influence decision-making 

(Calvo-iglesias et al., 2006). Larger farms in Scotland make use of more formalised 

information sources such as SAC farm advisors or farm management as a whole 

(Sutherland et al., 2011). Understanding information use is particularly interesting given that 

resistance to NVZ regulations has been observed (Barnes et al., 2013) and likewise there may 

also be resistance to some information sources. Consequently, this may affect nutrient 

management on the ground. 

 
Given the limited access to farm records and in particular, limited awareness of nutrient 

management decisions made on farms within NVZs, a survey was devised to obtain this data. 

In order to ascertain information use which may influence nutrient management, questions 

were also asked on the information sources that were used. The survey presented in this 

chapter asked questions about nutrient application in order to compare these with nutrient 

budgets produced using national data and it also asked about information sources used by 

farmers or farm managers. The aim of the survey (Section 1) was to firstly compare standard 

inorganic fertiliser applications (input data) with the applications reported within these 

survey data. Furthermore, farm nutrient management data, also provided scope to compare 

farming systems in the Ythan catchment with farming systems assessing nutrient 

management based on Scotland level data. Additionally, the survey posed questions on the 

use of different information sources and the relationship between information sources and 

farm systems. The aim of Section 2 of the survey was to determine the reliance on 

information sources for technical and policy information. The management of nutrients 
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typically require technical change and policy implementation and any indication of frequently 

used and valued information sources indicates how nutrient information can be best shared 

with the farming community in the future. 

 Chapter Rationale 
This chapter specifically assesses the Ythan catchment and uses catchment data to calculate 

FGNBs and explore farmer networksfurther. The survey in this chapter builds on the earlier 

approach by Domburg et al (2000) who used a survey to gain data farm level nutrient 

management data for a period of one year within the Ythan catchment. Furthermore 

Domburg et al. (2000) made an assessment at catchment level and thus did not make 

comparisons between agricultural parishes. The survey designed for this chapter was able to 

provide comparisons between agricultural parishes. In order to cross check government level 

data at Scotland level (average of NVZ and non-NVZ fertiliser data) with farm practice, a 

survey was developed to collect holding-level data from Ythan catchment.  The survey data 

collected are then compared with the national data used in earlier chapters (Chapters 3, 4, 

5). This is a necessary step as SFPS/BSFP fertiliser data at Scotland level does not differentiate 

between NVZ areas and non NVZ areas. There are also no other annually collected 

government records that are specific to any Scottish NVZ areas. Whilst Nutrient Management 

Plans (NMPs) are held on the farm within NVZ areas these are not shared with governmental 

authorities (Scottish Government, 2014). Consequently, it was difficult to gain an insight into 

nutrient management. In order to overcome these challenges, and gain farm nutrient use 

data, it was necessary to design a survey. The survey data has provided a farm level 

perspective on nutrient management within an NVZ area and subsequently has enabled a NB 

comparison to be made with national data (average of NVZ and non-NVZ data) that that has 

previously been applied to the Ythan catchment parishes (Chapters 3, 4 and 5). 

 
The survey process consisted of three stages, which are explained below in more detail. The 

survey form contained structured survey questions, and can be viewed in the format received 
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by respondents in Appendix D. The questions were asked with respect to the 2014 harvest 

year. 

 Survey Design 
The survey in this chapter was developed following a similar approach to the earlier survey 

by Domburg (2000b). As farmers would need to refer to on-farm records or IACS forms, the 

tabulated survey style was thought to be advantageous. To help farmers complete the survey 

and refer to on-farm records, a postal survey was thought to offer a better response than 

what could be gained from the telephone, email or farm visit.  

 
Before the survey was posted, SRUC staff who have had experience of surveying farmers in 

the Ythan catchment were consulted. Secondly, a group of PhD students within the Crop and 

Soil research group at SRUC were asked for comments on the clarity of the survey before the 

survey was posted to farmers. It should be noted that approval was gained from Survey 

Control within the Scottish Government (Appendix C).  

 Survey Structure 
The survey consisted of two sections; section one focused on nutrients used on farm and the 

section two asked about the information sources used by farmers. Questions on nutrient use 

were asked so that Farm Gate Nutrient Budgets (FGNBs) could be produced. Section 2 helped 

to understand which information sources were used and the value that different farmers 

placed on information sources. All survey data was anonymised but could be related to the 

agricultural parish using an identifier on the form (see Data Analysis section). The survey was 

organised into a booklet which was seven sides of A4 pages in length which was posted in 

October 2016. The survey booklet was organised into sections using both headings and 

different paper coloured paper. The survey purpose was explained on an accompanying 

letter (Appendix E). At the end of the survey respondents were able to disclose name and 

contact details if they were happy to be contacted further or if they wished to be entered for 

the prize draw. 

 
Section 1: Livestock, feed and inorganic and organic fertilisers 
The purpose of this section was to assess numbers and type of livestock on farm, animal feed 

(type and quantity) and the timing and amount of manure, slurry and fertiliser applied to 

arable crops and grass. The survey questions and purpose are outlined within Table 6-1 and 
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are with specific relevance to the agricultural year between 1 June 2015 and 31 May 2016 

(also JAC data year). Having data on livestock feed is invaluable. There are a range of diets 

explored in Chapter 4, but clarification would be helpful. 

 

 

 

Table 6-1: Questions within Section 1 of the Ythan survey asked with relevance to 
the agricultural year between 1 June 2015 and 31 May 2016. 

Question  
Number 

Question Type Reason why asked 

1 Required to complete table:  
 
1) State livestock numbers 
2) Proportion of the year housed. 

1) To understand the stocking density and the 
total contribution of all livestock on farm.  
2) Housing has implications on feed. It also 
has implications on excreta deposition. 

2 Required to complete table: 
 
1) To state type and quantity of livestock 
feed used to feed each animal type. 
2) To state whether feed was purchased 
or home-produced. 

1) Livestock feed is a significant nutrient input 
into livestock systems. 
 
2) Important to differentiate between home-
produced and purchased feed as purchased 
feed is a nutrient input to the farm.  

3 Required to complete table: 
1) To state area of grass and arable crops 
receiving fertiliser application. 
2)Type and quantity of inorganic and 
organic fertiliser application. 
3) Time of application. 

1) Fertiliser application should be proportional 
to the area. 
2) Type of fertiliser application matters as 
inorganic fertiliser is purchased and an input 
to the farm. Conversely manure and slurry is 
produced by livestock on farm/elsewhere. 
3) Leaching of nutrients is dependent on 
timing and weather conditions. Farmers also 
obliged to meet NVZ application 
commitments. 

 
Section 2: The use of information sources by farmers 
The purpose of this section was to assess agricultural information sources; namely the press 

(newspapers and magazines), organisations, companies and the local community. Selected 

organisations, publications, companies and local community regarded as ‘information 

sources’ thought to be the most likely actors were listed in a table, with the option for 

respondents to add additional information sources as appropriate. Respondents were asked 

to provide their opinion on the value they placed on different information sources (e.g. 

publications, organisations or family and friends) for policy and technical reasons. 

Respondents were asked to state the value on a scale of 1–5, where 1 represented little value 
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and 5 indicated excellent value. They were also asked about whether they had signed up for 

updates from organisations, publishers or family and friends via email, Twitter, Facebook or 

blog. See Table 6-2 for outline of questions.  

 
Table 6-2: Questions within Section 2 of the Ythan Survey asked with relevance to 
the agricultural year between 1 June 2015 and 31 May 2016. 

Question  
Number 

Question Type Reason why asked 

4 Required to complete table: 
 
1) Identify sources of information used 
“Tick if any of the following are used to help 
with farm management and decisions.” 
 
2) Perceived value of the following: the 
press, organisations, companies, and the 
community in terms of ‘Technical Value’ 
completed on a likert scale of 1—5.  
 
3) Perceived value of the following: the 
press, organisations, companies, and the 
community in terms of ‘Policy Updates’ 
completed on a likert scale of 1—5. 
 
4) Have you signed up for updates from any 
of the information sources, using Twitter, 
Facebook or a blog? Please tick (✓) all that 
apply 
 

1) To know which groups are being used 
and thus may influence farm management 
 
2) To assess the value that farm managers 
place on technical and policy updates.  

 

Demographic Questions 
Farmer characteristics are known to influence farm nutrient management (Daxini et al., 

2018). In line with other studies of this kind, demographic questions were asked on the 

training and age of respondents (Buckley et al, 2015) to help ascertain nutrient management 

and information use differences between groups (Table 6-3). In a similar fashion to 

(Stetkiewicz et al., 2018), the range of age options, as well as training type options used the 

same categorisation that the Scottish Government uses for agricultural surveys. These 

questions were asked prior to GDPR legislation being implemented, but would still be 

compliant going forward, as long as the appropriate administration was carried out.  
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Table 6-3: Demographic and other questions asked of interviewees. 

Question Number Question Reason why Asked 
5 What formal training in 

agriculture do you have? 
1) To help determine if training has an influence. 
2) A cross-check against other Scottish Government 
datasets which collect data on agricultural training. 
 

6 Which age group do you 
belong to? 

 

1) Useful to cross-check against other Scottish 
Government datasets. 

7 Do you have any other 
comments about the 
nutrient information 
available to you whilst 
farming in an NVZ? 

 
To assess if there were questions, concerns or 
comments in the farming community that were not 
covered by earlier questions. 

 

 Conducting the survey 
Using the addresses provided by Scottish Government (RESAS), the survey was posted by 

Royal Mail to a total of 2002 holdings in December 2016. The survey was posted outside peak 

harvest, lambing seasons, farm preparation times etc, purposefully to maximise the response 

rate. Recipients were given two months to return the survey via post. The printing of this 

survey was printed internally within SRUC to maintain confidentiality of holding addresses. 

Inside the survey envelope contained a ‘Business Reply’ envelope for which postage was paid, 

so to not hinder the response rate. 

 Recording Responses 
All responses (even where incomplete) were recorded in Microsoft Excel in the first instance. 

The date of each survey response was also noted. The responses were organised by 

agricultural parish, ensuring that the farm nutrient use information use (section 1) remained 

linked to information use data (section 2), by using the number at the front of the survey. 

Some responses were excluded. This was either because the survey was returned blank, or 

because for example no livestock were present or that there was no arable agriculture on 

the farm. To avoid including non-commercial livestock and to adhere to Scottish Government 

confidentiality five animals or fewer were excluded. Three survey responses were excluded 
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as the handwriting was illegible. Taking these considerations into account, the total response 

rate was 20%. 

 Data Analysis 
 
General description of results, responses and demographic data 
In order to understand which agricultural parishes were more responsive, it was necessary 

to assess the response rates and a table of the response rates was produced. A description 

of the responses was provided by crop/livestock group and the demographic information of 

respondents was also provided.  

 
Farm Nutrient Budgets (FGNBs) 
FGNBs were then produced for each holding. Such FGNBs were organised in a similar way to 

earlier nutrient budgets produced in Chapters 3, 4 and 5, meaning that there was an arable 

section, a livestock section and then consideration of the integration of manure. However, 

these FGNBs were only reflective of the farm scale. The same standard values for inputs and 

outputs not concerned with feed or fertiliser application (survey data) were used from 

Chapters 3, 4 and 5. The average inputs and outputs of the FGNBs were presented for each 

livestock group in each agricultural parish. Poultry was excluded due to limited survey 

returns. As alluded to within Chapter 4, pig and poultry units are the livestock groupings 

which are typically managed commercially at a larger scale than is the case for other livestock 

groups. Consequently, there were few respondents within the pig and poultry categories, it 

was therefore decided that the FBNBs should not develop further into agricultural parish 

level assessments using the survey data. 

 
FGNBs and information sources 
The prevalence of each information source used by cropping farmers and by livestock 

farmers was assessed. In the analysis stage, information sources that were used was cross-

referenced against the livestock or/and arable crop type grown on the farm from which the 

response derived. It was not possible to determine whether the information source would 

be used for direct livestock management or for grazing management. Therefore, a distinction 

was not made for grazing land. Organising the data in this way, allowed for the proportion 

that each information source was relevant to each livestock or cropping categories. 
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Information Sources 
In order to understand the networks that originate between nutrient management and the 

value placed on information sources a similar approach to one used by Hauck et al (2016) 

was adopted. Each information source was treated as an ‘actor’ and the assessment 

approach was replicated for two separate scales. In the case of this study, the relevant scales 

were the agricultural parish scale and the crop or livestock scale. The number of times each 

information source was mentioned was calculated and the ‘degree’ and ‘betweenness 

centrality’ of each actor was determined. The results were tabulated and subsequently 

presented using a combination of the open source software Gephi (https://gephi.org/) 

version 0.9.2, Windows Paint and RStudio 3.5.1 to come to a workable visual. 
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 Survey Responses 
The total response number was 400 individual holdings.  A summary of the responses by crop 

and livestock type is shown in Table 6-4. Some survey responses included completion of both 

sections and other survey responses involved completion of Section A, but not Section B. 

 
Table 6-4: Responses to Section A and B of the survey by arable and livestock groupings. 

Arable/Livestock Groupings Section A: Farm Nutrient 
Management 

Section B: Information 
Use 

Dairy 20 20 
Beef 45 45 
Sheep 20 18 
Pigs*   
Poultry*   
Spring Wheat 40 40 
Winter Wheat 52 50 
Spring Barley 50 50 
Winter Barley 53 48 
Spring Oats 41 38 
Winter Oats 40 39 
Spring Oilseed Rape 15 15 
Winter Oilseed Rape 17 17 
Potatoes*   
Swedes/turnips 70 70 

*Too few responses to report due to Scottish Government data reporting restrictions. 

Due to the limited number of responses in the 26–34 age group category, it made it difficult 

to make any detailed analysis on the training received by this group, see Table 6-5. The lack 

of responses from the ≤ 25 years age group category is perhaps typical given that the survey 

was sent to holding owners (who tend to be older). It was particularly interesting to observe 

that all those 65+ have only received practical experience—a reflection perhaps of longer 

working lives within this category.  
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Table 6-5: Demographics of survey respondents. 

  Percentage of age group reporting to have received 
training/experience type 

Age Group Percentage of 
responses based on 
Age Group 

Basic agricultural 
training course 
(less than 2 years) 

Full agricultural 
training course (2 
years or more) 

Practical 
experience 

< 25 years 0    
26–34 5  50(1) 50(1) 

35–44 15 14 18 68 
45–54 25 15 15 70 
55–64 30 10 7 83 
65+ 25   100 

(1) Caution should be taken here as too few respondents reported within this category. 

 
Summary data showing the mean and median area of where crop categories were reported 

within the survey returns is shown within Table 6-6. 

 

Table 6-6: Summary of mean and median area of those farms who responded. 

 

 

 

 

 

 

 

 

 

 Farm-Gate Nutrient Budgets (FGNBs) 
Based on responses from the questionnaire, N, P and K FGNBs were produced. FGNBs are 

concerned with the whole farm and thus do not make a distinction between arable and 

livestock systems as Chapters 3 and 4 have done so. As this is a snapshot approach based on 

a select number of farms, detailed analysis at agricultural parish level was not made. 

Crop/Livestock Mean Median 
 Crops (ha) 
Spring Wheat  75 77.3 

Winter Wheat 80 76 
Spring Barley 90 95 
Winter Barley 70 71 
Spring Oats 65 65 
Winter Oats 60 56 

Spring Oilseed Rape 54 59 
Winter Oilseed Rape 68 65 
Swedes and Turnips 40 46 
Potatoes 60 71 
Grass ≥ 5 years 130 110 
Grass < 5 years 80 77 
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Furthermore, FGNBs were not averaged over the agricultural parish level as fewer than five 

poultry and pig holdings completed the survey and thus were excluded from further analysis.  

 
Table 6-7 demonstrates that the ‘swede and turnip’ FGNBs have a mean N surplus which is 

~50% of that reported in Chapter 3. Inorganic fertiliser application referenced in the survey 

returns is significantly lower than the standard rates/BSFP rates. This reflects that the 

Scotland figures as well as individual survey samples, have the capability to mask some of the 

unique nutrient practices that take place within NVZ areas. For P and K there is close 

relationship with figures in Chapters 3 and 4. For N, the relationship at crop level is not as 

close when compared with the earlier results. However, for all nutrients at agricultural parish 

level, there is only a ~15% variability for all but one agricultural parish (see Table 6-9). 

 
Table 6-8 shows that the surpluses from livestock are not as high as they are when using 

standard figures (See Chapter 4). There is no more than ~10% difference between these 

values, with NBs of livestock FGNBs using standard data lower than those budgets produced 

from survey data. In these calculations, the difference is due to reduced livestock inputs. This 

is particularly interesting as it is only Chapter 6 that has used nutrient data specific to the 

Ythan catchment itself. It would suggest that farmers are more conscious than they are across 

Scotland as a whole. This difference is interesting as it helps to provide a benchmark. 
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Table 6-7: Farm-Gate Nutrient Budgets (FGNBs) for the 2014 harvest year.  

 (kg N ha-1 yr-1) (kg P ha-1 yr-1) (Kg K ha-1 yr-1) 

 PREVIOUS FIGURES 
FROM CHAPTER 3 

FGNBs based on survey data  PREVIOUS FIGURES 
FROM CHAPTER 3 

FGNBs based on survey data  PREVIOUS FIGURES 
FROM CHAPTER 3 

 

 Post-implementation 
Period 

2014 year Post-implementation 
Period 

2014 year Post-
implementation 

Period 

2014 year 

Crop or Grass Type Mean Mean Median Mean Mean Median Mean Mean Median 

Spring Wheat -26.37 -18.10 2.50 -9.96 -7.68 -8.56 -7.21 -5.02 -6.12 
Winter Wheat 48.47 23.32 13.42 -0.84 1.32 2.24 18.41 14.44 13.03 

Spring Barley 23.89 3.23 4.02 4.83 2.43 2.56 7.67 8.99 9.56 

Winter Barley 51.36 13.21 12.58 2.60 1.40 2.65 14.89 19.74 19.89 

Spring Oats -7.55 -8.03 -4.21 5.02 5.64 5.32 -11.01 -5.05 -7.23 

Winter Oats 31.43 5.71 4.53 4.02 5.09 5.06 -4.23 -2.63 -3.45 

Spring Oilseed Rape 5.93 10.42 12.49 -35.77 -30.87 -28.72 -24.30 -12.90 11.28 

Winter Oilseed Rape 40.00 10.27 13.21 -35.24 -33.28 -30.94 -27.51 -17.12 15.88 

Swedes and Turnips 85.29 22.42 25.67 35.24 33.25 34.11 62.32 32.22 32.03 

Potatoes(1) -7.19 
 

 57.93   109.33   

Grass ≥ 5 years -23.74 -25.05 -20.24 -9.38 -5.99 -4.24 -50.40 -47.43 -48.12 

Grass < 5 years -75.43 -38.41 -32.23 -21.26 -17.31 -15.93 -98.21 -67.00 -68.78 

(1) Too few farms have reported growing potatoes to make an informed assessment. 

(2) Based on CGNBs using SFPS/BSFP data for inorganic fertiliser input data 
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Table 6-8: Farm-Gate Nutrient Budgets (FGNBs) for the 2014 year. 

 PREVIOUS FIGURES 
FROM CHAPTER 4 

FGNBs based on survey data 
(Kg N LU-1 yr-1) 

PREVIOUS FIGURES 
FROM CHAPTER 4 

FGNBs based on survey data (Kg 
P LU-1 yr-1) 

PREVIOUS FIGURES 
FROM CHAPTER 4 

FGNBs based on survey 
data (Kg K LU-1 yr-1) 

 Post-implementation 
Period 

Nitrogen Post-implementation 
Period 

Phosphorus Post-implementation 
Period 

Potassium 

Crop or Grass Type Mean Mean Median Mean Mean Median Mean Mean Median 

Dairy 106.12 97.30 98.98 23.34 22.06 22.65 67.61 66.17 66.00 
Beef 86.84 83.21 84.26 32.09 33.00 33.24 59.44 59.22 58.62 
Sheep 53.61 48.98 49.36 18.71 17.52 17.68 41.33 40.08 41.62 
Poultry(1)          
Pigs(1)       

(1) Too few holdings have reported this livestock group to make an informed assessment. 
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 Key Finding: Most farmers do not recognise using an 
information source but where information is sought other 
farmers are a key information source.  
It is clear that ‘farmers who are not family’ are the key information provider across the 

Ythan catchment with 40% of farmers using this information source. The value of this 

source in terms of the scale 1–5, showed that there was high perceived value for ‘farmers 

who are not family’ to provide technical expertise (due to higher score), but some value 

is still sought in policy expertise (see Table 6-9). For policy expertise both the Scottish 

Government and SAC/SRUC are seen as the key information providers. Whilst ~35% fewer 

farmers use SAC and SRUC as an information source, those who do, value the information 

provided in terms of technical and policy expertise to be superior to those provided by 

other farmers (not family). Separate to this, there are fewer responses on information use 

than there are to the livestock, arable and nutrient management questions. 

 Scope for change 
Within Chapters, 3, 4 and 5 nutrient budgets identify the nutrient status. This on its own 

is useful for a policy maker. However, it is striking in this chapter that there are many 

actors within the agricultural community and so few are regularly used for information. 

This means that whilst the Nitrates Directive has been used to improve nutrient 

management, changes beyond regulation are going to occur if those information sources 

pass information along. At the same time, the outcomes of Chapter 6 shows that there is 

a collective approach to management, as common information sources are used 

(particularly advisors). Consequently, this confirms that farmers are broadly managing 

nutrient in similar ways. As a result, this suggests that the use of collective secondary data 

to assess nutrients, as has been conducted in Chapters, 3, 4 and 5, is worthwhile.  

 Key finding: Electronic updates are rarely followed 
On the whole, electronic updates are rarely followed and therefore most information is 

derived from published newspapers/reports (see Table 6-9). For the press/media, no 

respondents report following any form of electronic update. The Scottish Government, 

SAC/SRUC and NFUS are the only organisations for which electronic updates are followed. 

These are the three organisations who are also reported as the top three sources used by 

the farmers.  
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Table 6-9: Responses from Section B of the survey to farms within the Ythan Catchment concerned with Information Sources. 

(1) This was added to the other section on the survey. 
(2) BBC Farming Today does not have email/alerts or blog. Therefore, these options should be disregarded for this source as not feasible. 
(3) The way updates are received are likely to vary depending on specific fertiliser company, crop consultant/agronomist. 
(4) Respondent did not state value.  
(5) Limited responses of which to help to realistically determine mean and median. 
(6) Some respondents provided farm data, but did not  answer about information sources. 

      Percentage of reported responses (%) 
Information Source Percentage of responses reporting 

referring to Information Source (%)(6) 

Mode ‘Technical 
Value’ 

Median 
‘Technical Value’ 

Mode of ‘Policy 
Updates’ 

Median value: 
‘Policy Updates’ 

Email Twitter Facebook Blog 

PRESS/MEDIA 
Farmers Guardian 1.5 3 3 3.5 3.5 0 0 0 0 
Scottish Farmer 1 4 4.5 4 4.5 0 0 0 0 
Farmers Weekly 5 4 3.5 3.5 4 0 0 0 0 
Press and Journal 5 4 4 4 4 0 0 0 0 
Banffshire Journal 0         
Buchan Observer 0         
The Scotsman(4) 0.5     0 0 0 0 
Other: Smallholder magazine(1)(4) 0.8     0 0 0 0 
BBC Farming Today(1)(2)(5) 0.25      0 0  

ORGANISATIONS 
Scottish Government 2.5 4 3.5 5 5 0.5 0.5 0.5 0 
National Farmers Union Scotland (NFUS) 2 2 2 3.5 2 1.2 0 0 0 

Young Farmers 1 1 1 1 1 0 0 0 0 
Soil Association 0         
Organic Farmers/ Growers 0         
SEPA 0         
SAC/SRUC 5.5 4.5 4.75 4.5 4.75 2.4 0 0.5 0 
QMS Livestock(1)(4)(5) 0.20     0 0 0 0 
Scottish Smallholder Association(1)(4)(5) 0.8     0 0 0 0 

COMPANIES 
Fertiliser Suppliers(3) 1.8 3 4 3 4 0 0 0 0 
Crop consultant(1)(3) 1.2 4 4 3.5 2 0 0 0 0 

COMMUNITY 
Farmers (not family) 40 4 3.5 2 2 0 0 0 0 
Farmers (family) 8 4 4 2 2 0 0 0 0 
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 Social Analysis 
The closeness that farmers have with different information sources has been determined by 

calculating a mean of the technical and policy value. The analysis splits the responses to 

information sources within two groups, Group 1 refers to information sources that have been 

selected and Group 2 is concerned with the number farmers from holdings that have not 

referenced that information source. These are then separated further into an arable and 

livestock farmers. There are links between these groups report on the number of farms which 

have cited both arable and livestock on the holding. On the whole, it can be seen that arable 

farmers are more aligned to information sources, using a greater variety of information 

sources amongst the ‘PRESS/MEDIA’ (see Figure 6-2), ‘ORGANISATIONS’ (see Figure 6-3), as 

well as ‘COMPANIES’ and ‘COMMUNITY’ (see Figure 6-4). With livestock farmers the 

community plays a key role with SAC/SRUC and the Scottish Government supplementing this 

information. The groups which are outwith the line have not relationship and as one 

progresses, to the left there, a closer relationship was observed. The distance between arable 

and livestock demonstrates the closeness between the groups. Where circles touch, multiple 

respondents have reported to use the same information source/group. Circle size is based 

on the number of responses. The larger the circle, the larger the response. The broad 

assessment is that farms that have an arable component or are solely arable are more linked 

to the literature than farms which are solely livestock or have a livestock component.  

 

 

Figure 6-2: Relationship ‘Press and Media’ sources have with farms reporting arable or 
livestock activity on farm 
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Figure 6-3: Relationship ‘Organisations’ have with farms reporting arable or livestock 
activity on farm. 

 

Figure 6-4: Relationship ‘Companies’ and ‘Community’ have with farms reporting arable 
or livestock activity on farm 
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 Demographics of survey respondents in comparison 
with age of Scottish farmers 
It is important to remember that the age demographic represented in Due to the limited 

number of responses in the 26–34 age group category, it made it difficult to make any 

detailed analysis on the training received by this group, see Table 6-5. The lack of responses 

from the ≤ 25 years age group category is perhaps typical given that the survey was sent to 

holding owners (who tend to be older). It was particularly interesting to observe that all those 

65+ have only received practical experience–a reflection perhaps of longer working lives 

within this category. Table 6-3 is representative of the registered holding owners to which 

the survey was posted. Comparing these findings with demographic findings across Scotland 

as a whole, those who responded appear to be in very similar proportions to the farming 

demographic as a whole in 2014 (see Scottish Agricultural Census 2014). The exception to 

this, is that the farmers who are over 65 years old only form 20% of the sample size, whereas 

the across Scotland this is estimated to be ~30% of occupiers (Scottish Government, 2015). 

This is perhaps not a surprise given that the east of Scotland has been regarded as more 

productive (Chapter 2), is a mixed farming area and thus has been subjected to newer 

approaches from younger farmers than may be the case in the west of Scotland. The 

demographics do influence what is likely to arise in terms of farm management with older 

farmers not being as innovative as younger farmers (Buckley at al, 2015).  

 Farm-gate nutrient budgets 
Nutrient budgets in this chapter specifically show that nutrient inputs are lower than those 

derived from the national data (see Chapter 4). The percentage difference is important going 

forward, as the difference between FGNBs, CGNBs and LNBs could help to build an 

uncertainty value for the secondary approach within Chapter 4. If government were to assess 

nutrient management further, such an approach could help to provide context to future 

work. The results in Chapter 6, would suggest that standard rations are not being met, which 

corresponds with earlier work by Vaughan (2018). The implications of this means that 

surpluses will be lower, but at the same time livestock may not be receiving the correct 

proteins which are paramount for growth (Vaughan, 2018). By conducting the survey work 

in Chapter 6, these dietary issues have been identified, in a way that is not possible from the 
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earlier secondary data. However, this situation is complexed in that this chapter with regards 

to livestock FGNBs, shows that surpluses (and for N) are lower than what was found within 

Chapter 4 (see Table 6-8). This perhaps shows that there are regional differences in livestock 

feed. This is an interesting outcome and should be explored further. Perhaps there is 

overcalculation at government level. This would have implications for the findings within 

Chapter 4.  

 Limitations of survey approach 
A key limitation of the survey approach in terms of gaining demographic information, but 

also farm management information is that the surveys were sent to holding owners, who are 

sometimes unaware of specific farm management if a third party is renting or managing the 

farming on that land on their behalf. This is a difficult challenge to overcome as Scottish 

Government records the address of those who are registered as holding owners. During the 

survey process, phone calls were received from a few occupiers who claimed to live in houses 

with very small gardens and were confused as to why they received this survey and other 

agricultural information from the Scottish Government. These holdings which reported this 

over the phone were excluded in this chapter from further analysis. It is also unclear as to 

whether there are more holdings that have been implicated in a similar fashion, but which 

did not become apparent during the survey process. Cross referencing the number of 

holdings against other records however suggests this number (if any) is relatively small.  

 Advantages of the survey approach 
Earlier in Chapters 3 and 4, limitations of data sources were outlined. One such example, is 

that the JAC is not completed by all, even though there is a legal requirement to submit the 

survey (see Chapter 3). It would suggest that the most farmers rely on advisors, and either 

the trust they place on the advisor or the information provided from the advisor to farmer 

has an influence on completion rates. Interestingly, the JAC survey is completed by most, but 

the government has a poor information score. Perhaps, these farmers see the Scottish 

Government as someone that they provide information to and not the source of information, 

hence the low government score within Chapter 6. Interestingly, the small proportion that 

do not complete, are providing anecdotal evidence that governmental communication is not 

important! 
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Farmer familiarity with survey questions 
Scale is a challenge for any dataset and readily moving between different scales can prove 

challenging. Thus, the work of Chapter 6 and the comparison with the earlier chapters 3, 4 

and 5 was vital to test this. As stated in the earlier survey design, the survey was designed in 

line with similar questions that may be asked of them for the JAC or for the IACS form. As a 

result, farmers’ familiarity with the style will have made it easier for farmers to complete, 

and likely contributing to the 20% response rate. Due to this methodological decision and 

completion rate, it made comparisons with earlier chapters.  

 Surprisingly only 2.5 % of farmers regard the Scottish 
Government as an information source 
Given that all the holdings surveyed lay within the NVZ this is a surprising result. Given that 

the Scottish Government is the legislative body it would seem natural that there would be 

great dependence on this source. The reasons for this finding are likely to be complex. 

Further assessment would be useful to determine whether this is because government is 

seen as a rule-maker and thus not providing information in a similar light to other sources. A 

more likely reason it that farmers like the information to be digested and a specific to their 

own farm context as much as possible. The verbal communication with consultants is likely 

to be favoured (Bentley et al., 2018). For these reasons, advisory advice from SAC/SRUC 

consultants are likely to be more pronounced. The heavy regulation within the sector has 

been shown to lead to some resistance in voluntary uptake (Barnes et al., 2013). It is known 

that 5.5 % are using SAC/SRUC as an information source which corresponds with findings 

from other studies that have found advisors/consultants to be a key information source, for 

example, Bechini et al., (2019) and  Klerkx et al. (2017). Personal relationships are likely to be 

made with SAC consultants (which is not the case with Scottish Government) and thus the 

personal relationship and trust that farmers have in the consultant may reduce the need for 

referring to information from the Scottish Government. SAC consultants are likely to be seen 

as non-commercial as are not selling a direct product other than the advice, so trust is likely 

to be high, in line with what is generally the perception of advisory services (Klerkx et al., 

2017). Despite the small proportion of farmers reporting the Scottish Government and 

SAC/SRUC as being significant information sources, they are the key influencers for those 

who report. This is a supported by other studies which have reported that independent 
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advisors are key influencers and encourage the adoption of better nutrient management 

(Buckley et al., 2015; Bechini et al., 2019).  Focusing on decision-making tools more generally, 

UK uptake is very low when compared with other European partners (Rose et al., 2016) and 

therefore the lack of uptake of information is consistent with this finding.  

 
Perhaps as the NVZ has been designated for some time and there have only been slight 

changes since this derogation, information is not sought on a year on year basis. It would be 

particularly interesting to compare the use of information with a future time period where 

there is significant agricultural change. However, for now the limited use of information 

would suggest that without there being a large impact that critically affects how holdings are 

managed, farming advice including nutrient management advice is likely to be ignored or 

require a long period of time for nutrient management practices to be altered. Perhaps then 

there is scope to consider how best to target farmers in terms of policy (Leip et al., 2019).  

 Behaviour and influence of information use on nutrient 
management 
As alluded to in Chapters 1 and 2, it is widely recognised that agricultural outcomes for the 

environment need to improve, but at the same time it is known that farmer uptake of 

information sources in the UK has been low (Collins et al., 2006). Whilst it has not been 

possible to establish individual behavioural choices in this chapter, the relatively low uptake 

of a range of information sources would suggest that it would be difficult for any new 

technical or policy information to reach most of the farmers (even in an NVZ area). Other 

studies which has taken a catchment approach to understanding farmer behaviour have 

established that cost plays a key role in determining whether to change management (Collins 

et al., 2006). Uptake of best practice does depend on farmer motivation but incidentally in 

the context of the Republic of Ireland, it was found that that the most motivated are also 

more likely to use agricultural advisors (Buckley et al., 2015). On the assumption that these 

farmers in the Ythan catchment are motivated, there is the opportunity to make better use 

of excreta in the catchment (see Chapter 4). Many are perhaps using the same advisor in the 

area and this opportunity should be captured.  

 
Anecdotally some indirect behaviour change has been observed. In the earlier (Domburg et 

al., 2000) study, the authors reported to having received surveys that used comment boxes 
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to cite grievances with the implementation of the NVZ area. In this survey, only one such 

comment was received that thought farmers were] not contributing to water quality issues 

[sic] in the area. Thus, it would suggest that current agricultural practice is deemed as routine 

and manageable. Uzzell et al (2006) have suggested that behavioural change can be brought 

about through restricting choice and options but elsewhere there has been some resistance 

where farmers options are restricted (Barnes et al., 2013). Therefore, in any future focus on 

nutrient management, there needs to be some scope for the individual farmer. 

 The Future 
One way to develop future policy would be to provide farm specific goals. In this way a 

‘blanket approach’ would not be used, but goals specific to the current agricultural status of 

farms which would then go onto benefit the agricultural area. In this case, this would be at 

the level of the agricultural parish. Indeed, the strong cooperation that has been observed 

between farmers as demonstrated in the network analysis in this chapter, would provide an 

opportunity to assess nutrient management at a more local level (e.g. agricultural 

parish/catchment). This would help to create a sense that the policy is relevant to a specific 

area. Already monitor farms exist in Scotland within a five-year programme that is due to end 

in 2020 (Scottish Government, 2016c). However, a monitor farm approach going forward at 

an agricultural parish level, could help to indicate typical management that is received across 

a catchment. This would provide some indication of nutrient management for an area where 

easily available governmental data are not readily available at present for policymakers. 

 
In terms of the management of P within agricultural catchments, zoning systems within 

existing NVZ areas has been proposed as a management solution going forward, although 

has not been implemented at policy level (Sinclair et al., 2013). Soil testing has been 

recommended by the Scottish Government going forward. One such study has focused on 

whether soil testing can be used as a tool to manage nutrients (Daxini et al., 2018). One 

limitation of soil testing is that it may be implemented to meet policy objectives (Buckley et 

al., 2015), but it may not influence a change in management. Therefore, whilst technically an 

individual farm approach would have the ability to improve nutrient management if decisions 

follow through, in reality, this may not be the case. Consequently, the approach in this 

chapter shows that whatever the practice is on the ground, an agricultural parish level focus 

will identify nutrient management for the policymaker at the catchment level without having 
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to monitor every farm. If management is right at the farm level, this will impact the 

agricultural parish and catchment level. A view however at the agricultural parish/catchment 

level identifies policy needs and thus both these levels are interlinked. The information 

sources show that the collective approach certainly exists within this NVZ and that a 

catchment wide approach may encourage farmers to collectively work together.  
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Chapter 7 Thesis Discussion 

 
This chapter builds on the Discussion sections of the earlier Chapters, 3, 4, 5 and 6. This 

section identifies how the thesis has contributed to scientific knowledge in respect of the 

aims and objectives outlined in Chapter 1. All chapters suggest that there is a way to assess 

the impact of the Nitrates Directive.  Given the contribution of both survey data and 

secondary data, nutrient use has been explored for similar systems, but at different scales. 

Thus, an assessment of the Ythan catchment through a period of regulatory change has been 

possible. There is some argument to suggest that retaining farm data can help to validate 

government data and help policy makers in assessing agricultural systems at different scales.  

 A nutrient budgeting approach that assesses the effect 
of nutrient management on N, P and K use and their nutrient 
balances in respect of the NVZ 
The comparisons of arable, livestock and integrated NBs between ‘pre-implementation’ and 

‘post-implementation’ periods, has provided an insight of nutrient budgets before and after 

NVZ legislation and has helped explain nutrient management. In doing so, it has expanded 

upon earlier work within the Ythan catchment (Domburg et al., 1998, 2000), which was 

conducted prior to the NVZ designation. Despite nutrient legislation being varied across the 

UK (some areas NVZs and other are not), a review by the European Commission found that 

the UK had some of the highest nitrate surpluses of 50 kg N ha-1 yr-1 in the EU between 2012–

2014 (European Commission, 2018). However, it is important to understand the nutrient 

balances within NVZ areas, as the Nitrates Directive is the key legislative mechanism to 

agricultural N. Some research has concluded that NVZs may not quickly improve water quality 

due to hydrogeological factors and therefore changes may be more long-term (Worrall et al., 

2009).Therefore, production of nutrient budgets assesses how nutrient balances have 

changed, without needing assessing water quality. Despite N having agricultural nutrient 

policy attached to it in response to the Nitrates Directive and N and P being eutrophying 

nutrients (Chapter 2), neglecting K (not eutrophying) would have provided a less 

comprehensive picture. Indeed K was not assessed in the earlier nutrient budgeting work of 

Domburg et al. (1998) and Domburg et al. (2000) within the Ythan catchment. 
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In this thesis a focus on nutrient surpluses over a 31-year period found that there was a 

statistical difference particularly for N after the NVZ introduction at crop/grass level and 

APNBs for crops and grass. This is in contrast to findings in England, where no statistical 

difference was observed for a 12–15 year period for N before and after NVZ implementation 

(Worrall et al., 2016). It also contrasts some earlier work in 1996 (within the pre-

implementation period) which assumed that Nitrates Directive may have limited impact 

because many farmers were already undertaking good agricultural practice Watson et al., 

1996). At UK level, one study identified the decline in outputs was leading to a declining N 

balance (Worrall et al., 2016), yet in Scotland at crop level, yields largely remain unchanged. 

It was also interesting to note that in crop budgets, actual inorganic fertiliser rates exceeded 

recommended rates. The European Commission has regarded the average nutrient balance 

of 50 kg N ha-1 yr-1 as being very high between 2012–2014. In this thesis, using the SAC/SRUC 

recommended inorganic fertiliser rates, the surpluses that exceeded 50 kg N ha-1 yr-1 were 

potatoes, grass, swedes and turnips in the post-implementation period. In the pre-

implementation period N surpluses were closer to 50 kg N ha-1 yr-1. However, this was not 

the case for other arable crops, where the average surplus was closer to the 23 kg N ha−1 as 

has been calculated for UK nutrient budgets by Cherry (2012). At the livestock level nutrient 

balances for N do not exceed 23.73 kg N ha-1yr-1, very close to the findings by Cherry (2012).  

 
The findings in this thesis show similarities with findings, with work in Ireland where N and P 

nutrient budgets were built on national data and have shown that surpluses have N and P 

surpluses have reduced (Teagasc, 2017). In the Irish dairy sector, P surpluses have declined 

as inorganic fertiliser inputs to dairy grassland has declined (C Buckley et al., 2016). In 

England, many regional areas have been identified as being in P deficit when only inorganic 

fertiliser is considered (Bateman et al., 2011) and thus shows similarity with the findings of 

this thesis. However, in this thesis P balances were not seen as being statistically significant 

between the pre and post-implementation periods.  

In this thesis, all available excreta was applied to crops and grass within the Ythan catchment. 

This availability has shown that there is the opportunity to reduce N, P and K inputs from 

inorganic fertiliser sources (Chapter 5). It should be recognised that excreta incorporation 

can be a challenge, because livestock farms are not always located near arable farms 

(Environmental Audit Committee, 2018) as well as challenges to transport excreta easily 
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(Bateman et al., 2011). Whilst the analysis itself does not consider the logistics of manure 

transfer; an assessment at agricultural level in a mixed farming area limits the need for 

extensive transport and shows what is possible. However like other findings this work does 

show that basing the application on N, can lead to the overapplication of P (Sharpley et al., 

2015). Where manure availability is greater than what is needed to sustain the crop there is 

a challenge (European Commission, 2018). 

 Nutrient budgeting approach at the agricultural parish 
level 
The methodological approach used in the thesis has shown that it is possible for nutrient 

budgets to be produced at the agricultural parish level using available government data. 

Regional nutrient budgets, which use national data have been considered as a suitable 

approach to identify nutrient surpluses and deficits (Watson et al., 2019) and thus consider 

management at a wider scale. Indeed in the Republic of Ireland, national government data 

has been used in Ireland to produce nutrient budgets (Teagasc, 2017). However, given that 

the whole of Scotland is not designated as an NVZ (unlike in the Republic of Ireland), it was 

necessary to develop an approach which could assess areas which are designated as NVZs, 

and a regional approach using agricultural parishes was deemed the best approach. As a 

result, the nutrient budgets referenced in Chapters, 3, 4 and 5 encompass all farms within 

the Ythan catchment agricultural parishes, rather than relying on a sample of farms.  

 

The integration of crop and livestock systems is believed to lead to better nutrient 

management (Asai et al., 2018; Moraine et al., 2017; Ryschawy et al., 2017). In this thesis, 

the integration was explored at the agricultural parish level. It has demonstrated how the 

variation in cropping patterns and livestock numbers can influence the nutrient budgets and 

create variations between agricultural parishes, within the same catchment and under the 

same NVZ designation. Variations in management is known to affect nutrient balances for 

different farming areas, even when these areas are local to each other (Giustini et al., 2007). 

Despite legislation being focused at the catchment level, gaining data at this level was a 

challenge.  
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 Partitioning of the N balances 
The thesis also assessed nitrous oxides, leaching and volatilisation providing a more holistic 

approach. Given that nitrous oxides are considered to be 298 times more powerful than CO2, 

staying in atmosphere for 114 years (Environmental Audit Committee, 2018) an exploration 

of partitioning the budget to assess N2O emissions was valuable. Between agricultural 

parishes, the partitioning of the NBs for N, depended on cropping patterns. However, there 

are challenges in the calculations of these which are referenced in Chapter 3 and 5. The 

process itself is still a useful insight that could be explored further with the new GHG 

inventory for Scotland. 

 Assessment of farmer information sources 
This thesis has not assessed information per se but has assessed the use and value placed on 

different information sources by farmers. In England, beef farmers have been found less 

likely to have a consultant (Defra & National Statistics, 2015) than their arable or dairy 

counterparts, but this was not supported by the survey data of this thesis. All farming groups 

used consultants as a key information source and beef farmers were no less likely to refer to 

consultants. Whilst consultants (advisors) are the most common information source 

identified by those returning the survey, it should be remembered that advice from 

consultants is not likely to be homogenous (Vrain & Lovett, 2016). Arguably, this is based on 

survey returns, which may give a biased view.  

Lastly, it shows which information sources are valued by the farming community. These 

broad contributions are valuable for policymakers going forward. Given that there has been 

previous criticism of research which has focused on motivations for farmer behaviour 

(Waterton et al., 2018), this thesis has avoided discussion about farmer motivation. Instead, 

it has shown the actual results of behaviour in terms of nutrient management and 

determined if farm practice is characteristic of farm practice using national data. Exploring 

information sources has demonstrated what is used by the farming community and the 

opportunities there would be to disseminate information concerning nutrient management 

practice in the future. Afterall motivation can be an influence of information sources that are 

used (Waterton et al., 2018), whether other farmers, newspapers or consultants to name a 

few. 
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This thesis has demonstrated that agricultural parish level nutrient budgets are a useful 

assessment tool to assess nutrient management going forward. The partitioning of N 

balances in the thesis has helped to explore the opportunities that N balances could provide 

in understanding agricultural GHG emissions. The thesis has also illustrated that there are 

opportunities for this nutrient budgeting approach to be developed further and support 

policymakers at UK and Scottish policy level. It has demonstrated that existing governmental 

data can be used to support these nutrient budgets. The approach is also unique in that 

secondary data is compared with primary data, alongside an assessment of farmers’ 

networks. Typical common research grant timescales, of four or so years have deemed 

challenging in generating thorough conclusions over the long term in the Ythan catchment 

(Müller & Burkhard, 2005) but by using existing data, these constraints are not a challenge. 

A key recommendation at the most recent UK parliamentary nitrate review was to make 

better use of nutrient budgets going forward (Environmental Audit Committee, 2018). Whilst 

these recommendations have been made, the approach on the specific scale or the 

methodological approach has not been specifically outlined, reviewed or tested at 

government level. Indeed, government has also been lobbied to produce a nitrogen budget 

for Scotland (Nourish, 2017) but again the methodological approach, was not been explicitly 

stated.  

 
At the outside it was tempting to consider the range of different weather events, farm factors 

and other environmental factors that may influence the management of nutrients. However, 

these are too intricate to be considered on a broad scale. At this moment in time it is 

challenging, if at all impossible, to ascertain this from national governmental data sources 

largely because there is no split between NVZ and non-NVZ data (see Discussion sections for 

Chapters 3, 4 and 5). Furthermore, the risk of focusing on small farm management factors, 

can be detrimental to assessing wider farming practice in respect of nutrients. Therefore, it 

was necessary to consider ‘the data at large’ and not become confused with intricate farm 

practice. Indeed, in this respect, national governmental data has provided a clear insight. 

Ultimately this government data considers the integration of agricultural practice and 

nonetheless there is a reduced need to consider nutrient management that takes places at 

farm level. For example, it recognised that there are challenges in using slurry because of 
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interactions with soil biota and soil structure i.e. worm loss is a concern (Waterton et al., 

2018). At the same time, there are benefits in terms of adding C for slurry (as more 

importantly for FYM) which benefits the soil C:N ratio. This demonstrates that nutrient 

management does not operate in a vacuum and that there may be other considerations such 

as soil structure to consider. Thus, this work could be expanded further to consider the 

interaction between these nutrient types being seen as applied within the nutrient budgets 

and soil structure.  

 
Manure Storage 
Limited data on manure storage (as well as slurry management within tanks, such as the 

crust) has resulted in most likely assumptions adopted for this thesis, but better clarity 

storage from governmental sources would greater improve the understanding of GHG 

emissions from storage. 

Boundaries 
Worrall et al. (2016) stated that the boundaries of nutrient budgets can prove challenging for 

policymakers to interpret. However, having explored these data that is available and the 

boundaries for the available data, it is clear that research projects have traditionally adopted 

nutrient budget boundaries based on the data. It is important that the governmental data 

behind this is better organised for assessment needs. 

Factors where farmers have limited control and multiple input/output 
pathways 
It is important to remember that farmers do not have direct control of all inputs–atmospheric 

deposition being on factor. At the same time, it is difficult to determine deposition at 

agricultural parish scale. For deposition, the data available is challenging given that error 

values are not stated for the data available (CEH, 2014), a weakness that has been recognised 

by other researchers such as (Worrall et al., 2016). Furthermore, P deposition has not been 

considered as widely as N deposition in the literature. For example, Nauta et al. (1999) does 

not consider P deposition when producing P budgets, but N deposition is considered. Whilst 

this thesis has considered this, it should be noted that this would be further challenging if 

beyond this thesis upland areas were to be included in nutrient budgets. This is because P 

values for upland areas are more likely to vary in ways that may not be observed in lowland 

areas (Gibson et al., 1995).  



237 
 

A nitrogen budgeting approach at UK level has been explored by Worrall et al. (2016) who 

recognised that there are challenges in producing national budgets, in that it is not possible 

to consider all inputs and pathways due to challenges with the data such as not having an 

error for the input data. By using an agricultural parish approach and scaling up to the 

national level this would help to further develop a mechanism for a national nitrogen budget. 

 
 
Data  
Whilst datasets that were used were the best available for the nutrient budgeting, there are 

limitations with the datasets before the assessment takes place (see Section 7.1.1). The more 

data that goes into the nutrient budget where there is an estimated error, this compounds 

the error. The BSFP is estimated to have an error of ±9% (Worrall et al., 2016), but no error 

is stated for the earlier version of the BSFP—the SFPS.  

 
Winter and Spring crops 

Understanding the split in organic fertiliser application and the crop area between some 

winter and spring crops would have helped improve the nutrient budgets. Whilst, inorganic 

fertiliser application rates and areas are provided for some crops, datasets which split 

between spring and winter crops would help improve these nutrient budgets.  

 
Grassland management and grass-clover swards 
Grass takes up the most cropping area across the Ythan catchment. Yet, there is uncertainty 

about its management, whether in terms of seeding, the area being reseeded, fertiliser 

application on grass-clover swards and consequently on the N fixation of the grass. The use 

of clover can offer opportunities to increase N fixation, use less fertiliser and further 

opportunities to improve soil health; for example, retain good earthworm populations in the 

absence of inorganic fertiliser (Whitefield, 2012). Some studies have found that reseeding 

has boosted yields, but others have found this to not be the case, considering N fixation as 

the key advantage (Carswell et al., 2019). However, there are a range of grassland 

management, which is not possible to determine from these data (see Chapter 3). Beyond 

this, a better understanding of grass/clover swards within farming systems and the 

percentage of clover in the swards on the ground would help to better understand the 

influence of N fixation to these nutrient budgets. Recent practices in Ireland have worked to 

improve the understanding of grassland use in practice through schemes such as the ‘Pasture 
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Profit Index’ (Teagasc, 2016). There is an opportunity to develop something similar in the 

context of Scotland.  

 

 Considerations for collecting data going forward 
 
Fertiliser Data 
Boundaries remain a challenge in terms of calculating the nutrient budgets. Firstly, inorganic 

fertiliser data is not produced at agricultural parish level and secondly, the NVZ does not 

incorporate an area which represents a governmental administrative unit. Thus, there are 

some discrepancies between the boundaries, as boundaries overlap. Beyond this, the BSFP 

does not split into NVZ and non-NVZ data and thus it is challenging. Inorganic fertiliser data 

still remains the most comprehensive, as there are challenges in calculating the nutrient 

content of excreta as well as the nutrient content of excreta at time of application. It should 

be noted that the SAC/SRUC Technical Notes which were used in the thesis, are considered 

similar to the ‘Nutrient Management Guide RB209’ in England (Professional Nutrient 

Management Group, 2010). Thus, RB209 could be used to fill the gap, if this approach were 

to be used in England and Wales.  

 Using governmental data to further improve the 
understanding of nutrient management 
The work in this thesis has theoretically assumed compliance with the Nitrates Directive, 

alongside recorded government data on average nutrient inputs. Given that there is no break 

down into NVZ and non-NVZ areas it is difficult to distinguish the extent to which farms are 

complying with the Nitrates Directive. Furthermore, the time of manure application is not 

clear from the BSFP/SFPS data and thus better understanding of this within the BSFP going 

forward would help to improve awareness of available nutrients.  However, it is interesting 

to note that non-compliance has been observed in the Republic of Ireland with respect to the 

Nitrates Directive, which is the first study of its kind across the European Union (Lunn et al., 

2019). It would be more challenging as a territory approach has not been taken with the 

Nitrates Directive in Scotland, but it would be interesting to explore. Afterall, assumptions to 

date tend to infer compliance. Lunn et al. (2019) has used government/administrative data 

that is similar to these data in this thesis. Thus, it would be interesting for future work to 

assess if the agricultural parish nutrient budgeting approach could provide some 
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understanding of non-compliance (only after a non-NVZ and NVZ inorganic fertiliser data 

split). This would support policy makers when considering nutrient management policy going 

forward. 

Structure of government datasets 
Whilst this thesis was focused on the Ythan catchment within Scotland, it relied on the use 

of datasets that are held and managed by the UK government. Fernall (2015) reviewed and 

assessed the versatility of the datasets to use for nutrient budgeting, of which a key 

suggestion was that a distinction between NVZ and non-NVZ BSFP data should be made. 

Given that most of the land area in Scotland is not under NVZ designation, there is no way to 

differentiate between different areas that are under different legislation. A distinction would 

also help to assess adherence with the NVZ rules on input. For example, there have been 

some assertions by witnesses called before the UK Parliament Environmental Audit 

Committee that the derogation which allows for 250 kg ha-1 yr-1 of manure to be applied in 

NVZ areas (where 80% or more of the farm is grassland) was in fact being met with inorganic 

fertiliser and not manure as intended (Environmental Audit Committee, 2018). Separation of 

BSFP inorganic fertiliser data by NVZ and non-NVZ areas would help to provide a better 

understanding of this issue.  

 
As has also been referenced, grassland within NVZ areas in Scotland which meets a set of 

criteria can be eligible for the derogation of nutrient application up to 250 kg ha-1 yr-1. At farm 

level policy makers can assess this as the derogation is based on farm criteria. However, an 

assessment at the agricultural parish level has challenges because it is unclear the proportion 

of grass that falls within a farm that is eligible for a derogation. Given that grass is the 

predominant crop/arable type within the Ythan catchment, the refinement of such would 

help to better improve our understanding of manure integration (Chapter 5).   

 Other possible sources of data 
Fertiliser data was limited to the BSFP for the following reasons. In England it would be 

possible to use the Farm Business Survey to gain some understanding of nutrient use, but the 

Farm Business Survey in Scotland does not include amounts of fertiliser, it is more a financial 

account of costs. It also does not contain such a comprehensive assessment of nutrient 

application, particularly in regard to manures and slurries. It has been stated that potential 

opportunities exist for fertiliser data to be collected from precision farming techniques, using 
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GPS data, although there are challenges for government to gain this data (Fernall, 2015). 

However, if these datasets were readily available, nutrient budgeting techniques would most 

likely be more advanced with better environmental outcomes. 

 Secondary versus primary data 
This thesis used secondary data for the results of Chapters 3, 4 and 5 and primary survey data 

for Chapter 6. It is common for research to focus on primary data and then assess this against 

secondary data. However, the UK agricultural sector has the most comprehensive agricultural 

statistics when compared with other sectors (Zayed et al., 2016). As a result, such secondary 

data enabled this thesis to explore a period of over 31 years that would have not been 

possible if collecting survey (primary) data (Cowton, 1998). Availability of these government 

data going forward will depend on government data retention decisions. For example, data 

decisions to publish datasets online and access to hard copies will also influence the viability 

of these data going forward. It has already been noted in Chapter 3 and 4 that the 

categorisation of secondary data has changed over time, and currently there are already 

proposals to change datasets such as the BSFP (Fernall, 2015) . Secondary data will always 

have tensions, given that political decisions can influence what is held. It is possible that in 

future such decisions would not make the approach conducted in this thesis very viable. At 

the same time primary data is costly and responses could be limited if there is survey fatigue 

(Porter et al., 2004).  

 
As much as assumptions are needed to provide perspective to secondary data, sometimes 

the number of assumptions needed can be a challenge. For example, even though 

agricultural systems selected in this thesis are relatively common in Scotland, the list of 

assumptions as outlined in Chapters, 3, 4 and 5 are notable. Given the number of 

assumptions used, it was empowering to conduct a survey and have some primary data 

where there was a reduced need for assumptions. At the same time survey fatigue is an 

important consideration (Porter et al., 2004). Overall, cross referencing nutrient budgets 

was important to place both the work of Chapters 3, 4 and 5 in context with data collected 

in Chapter 6 itself. At the same time, the comparison provided an opportunity to evaluate 

existing datasets. Given that there has been rhetoric and recent reports suggesting changes 

to government datasets (Fernall, 2015), this discussion is timely.  
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In this work it was challenging to determine the precise grass management that takes place 

within the agricultural parishes for reasons outlined in Chapter 3. More importantly there are 

limitations in our understanding of grass management across the UK. For example, our 

understanding of the seed rate, types and amounts of grasses sown and amounts of clover 

that are sown in practice is limited. The most recent comprehensive study that took place in 

the UK was in Northern Ireland by Gilliland et al. (2007), covering a 25 year period. This has 

been one of the references that has been used in this thesis. There is limited information in 

the literature for Scotland, and thus this limits our understanding of the potential 

contribution of N fixation. A clearer understanding of N fixation could identify opportunities 

to improve N fixation and reduce the need for additional N. This could have wide-ranging 

benefits for soil quality, water quality and N2O emissions.  

There are indications elsewhere that the catchment approach has been a useful assessment 

and in England clear trends have been observed (UK Parliament, 2019). Work beyond the 

NBs needs to determine effectiveness on the ground. The work has shown that manure and 

slurry provide the opportunity to reduce inorganic fertiliser application. Cooperation 

between farmers to share manure and slurry is necessary going forward (Environmental 

Audit Committee, 2018). As it currently stands this is the area for which data on agricultural 

practice is the weakest. Exploring the practical opportunities there are for manure and slurry 

movement at agricultural parish level would help to expand this work. 

 
Beyond this, there has also been discussion about use of nitrogen tax and whether it is the 

best approach to manage nitrogen use going forward (Pearce & Koundouri, 2003). In England 

and Wales, the government has proposed a system whereby farmers would be paid for going 

above and beyond regulatory requirements (UK Parliament, 2019). Given that there are 

weaknesses in the data used for the nutrient budgets, these would be better explored, before 

such a policy is implemented. Whilst in theory this may change some behaviour, it is 

important that policymakers assess the effectiveness of policy. Having a reliable nutrient 

budgeting approach is key to any policy approach going forward, regardless of whether a 

Nitrates Directive style policy is adopted, or an alternative is adopted in post European Union 

times. As is the case in Scotland, soil testing has also been recommended in English 
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catchments and within action groups for example, the Farming and Wildlife Advisory Group 

(South West Farming and Wildlife Advisory Group, 2019).  

 

Given that this thesis has only explored macronutrients and has not considered other 

nutrients, sulphur, copper etc.  A more comprehensive combined assessment would be 

welcomed in future, alongside other macronutrients to ensure that nutrient budgets are fully 

assessing nutrient management in the most holistic way possible.  
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Appendix A 

The availability of data determined the data used. This table shows the actual Scotland and GB Level fertiliser data available for cereals and oilseed rape 
between 1983-2014 (kg ha-1yr-1) (1) 

 
1 Based on data from the Survey of Fertiliser Practice (Scotland) between 1983-1991(MAFF 1984-1992) and British Survey of Fertiliser Practice (BSFP) between 1992-2014 (Defra 1993-2015). See Appendix A for full 
dataset. 
2 Data only available for between 1983 and 1991, inclusive from the Survey of Fertiliser Practice (Scotland) and from 1992-2014 (inclusive) from the BSFP 
3 Categories as listed in the Survey of Fertiliser Practice (Scotland) or BSFP 

 Year (2) 
Crop Categories (3) 1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

1999 

2000 

2001 

2002 

2003 

2004 

2005 

2006 

2007 

2008 

2009 

2010 

2011 

2012 

2013 

2014 

Spring Wheat-Scotland                                 

Spring Wheat-GB                                 

Winter Wheat-Scotland                                 

Winter Wheat-GB                                 

Spring Barley -Scotland                                 

Spring Barley-GB                                 

Winter Barley-Scotland                                 

Winter Barley-GB                                 

Spring Oats-Scotland                                 

Spring Oats-GB                                 

Winter Oats-Scotland                                 

Winter Oats-GB                                 

All Oats-Scotland                                 

All Oats-GB                                 

Oilseed Rape-Scotland                                 

Oilseed Rape-GB                                 

Spring oilseed rape-Scotland                                 

Spring oilseed rape-GB                                 

Winter oilseed rape-Scotland                                 

Winter oilseed rape-GB                                 
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The availability of data determined the data used. This table shows the actual Scotland and GB Level fertiliser data available for swedes, turnips and 
potatoes between 1983-2014 (kg ha-1yr-1) (4) 

 
 Year (5) 
Crop Categories(6) 1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

1999 

2000 

2001 

2002 

2003 

2004 

2005 

2006 

2007 

2008 

2009 

2010 

2011 

2012 

2013 

2014 

Turnips and Swedes-
Scotland 

                                

Turnips and Swedes-GB                                 

Turnips (stock)-Scotland                                 

Turnips (stock)-GB                                 

Rootcrops for stockfeed-
Scotland 

                                

Rootcrops for stockfeed-
GB 

                                

All Potatoes-Scotland                                 

All Potatoes-GB                                 

Early Potatoes-Scotland                                 

Early Potatoes-GB                                 

Potatoes (seed or early)-
Scotland 

                                

Potatoes (seed or 
earlies)-GB 

                                

Seed Potatoes-Scotland                                 

Seed Potatoes-GB                                 

Maincrop Ware-Scotland                                 

Maincrop Ware-GB                                 

 
 

 
4 Based on data from the Survey of Fertiliser Practice (Scotland) between 1983-1991(MAFF 1984-1992) and British Survey of Fertiliser Practice (BSFP) between 1992-2014 (Defra 1993-2015). See Appendix A for full 
dataset. 
5 Data only available for between 1983-1991 (inclusive) from the Survey of Fertiliser Practice (Scotland) and from 1992-2014 (inclusive) from the BSFP 
6 Categories as listed in the Survey of Fertiliser Practice (Scotland) or BSFP 

Scotland Level 
Data 
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Legend 

  

         

 

The availability of data determined the data used. This table shows the actual Scotland and GB Level fertiliser data available for grass between 1983-
2014 (kg ha-1yr-1) (7)(8) 

 Year(9) 
Crop Categories(10) 1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

1999 

2000 

2001 

2002 

2003 

2004 

2005 

2006 

2007 

2008 

2009 

2010 

2011 

2012 

2013 

2014 

Grass < 5 years old-
Scotland 

                                

Grass < 5 years old-GB                                 

Grass > 5 years old-
Scotland 

                                

Grass > 5 years old-GB                                 

Permanent Grass-
Scotland 

                                

Permanent Grass-GB                                 

Temporary Grass-
Scotland 

                                

Temporary Grass-GB                                 

All Grass-Scotland                                 

All Grass-GB                                 

 

 

 

 
7 Based on data from the Survey of Fertiliser Practice (Scotland) between 1983-1991(MAFF 1984-1992) and British Survey of Fertiliser Practice (BSFP) between 1992-2014 (Defra 1993-2015). See Appendix A for full 
dataset. 
8 Based on data from the Survey of Fertiliser Practice (Scotland) between 1983-1991 (MAFF 1984-1992 )and British Survey of Fertiliser Practice (BSFP) between 1992-2014 (Defra 1993-2015). See Appendix A for full 
dataset. 
9 Data only available for between 1983-1991 (inclusive) from the Survey of Fertiliser Practice (Scotland) and from 1992-2014 (inclusive) from the BSFP 
10 Categories as listed in the Survey of Fertiliser Practice (Scotland) or BSFP 
 
 
 

GB Level Data   No publication   No Data Scotland Level 
Data 
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Appendix B  

 

Annual Total N deposition. Based on annual monitoring data available from CEH online (CEH, 2014) 
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The remainder of this appendix shows the survey as was distributed to farms within parishes which were selected 
in the thesis to be part of the Ythan catchment  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ythan Valley: Farm Nutrient Questionnaire 
 
 
Please note that individual holdings will be kept strictly confidential and used for research purposes only. If you 
have any queries, please contact xx 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

SECTION 1 
 

LIVESTOCK 
 
1) Please state the number of livestock present on holding: 
 

Livestock Type Number Approximate proportion of 
year housed (%) 

Dairy Cows   
Beef Cows   
Dairy and beef  heifers 
intended for breeding 

  

Other cattle   over 2 years   
Other Cattle 1-2yrs   
Other Cattle < 1yrs   
Ewes used for breeding in 
current year 

  

Females ewes intended for 
breeding 

  

Lambs   
Other sheep   
Pigs (fattening)   
Pigs (breeding / intended for 
breeding) 

  

Poultry (broilers)   
Poultry (layers)   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

FEEDING STUFFS 
 

2) Estimate the purchased feeding stuffs and supplements/concentrates used on your holding between 1 June 
2015 and 31 May 2016. 
 

Livestock  
Type 

Type of Feed (purchased) Quantity 
(Tonnes) 

Type of feed  
(home-produced) 

Quantity 
(Tonnes) 

Dairy Cows  
………………………………
……………………………… 
………………………………
……………………………… 
………………………………
……………………………… 

 
…………
…………
…………
…………     
…………
…………  

 
…………………………………
…………………………………
…………………………………
…………………………………
…………………………………
…………………………………. 

 
………………
………………
………………
………………
………………
…………….. 

Beef Cows  
………………………………
………………………………
……………………………… 
………………………………
………………………………
……………………………… 
 

 
…………
…………     
…………
…………..
................
............... 
 

 
…………………………………
…………………………………
…………………………………
…………………………………
…………………………………
………………………………… 

 
………………
………………
………………
………………
………………
…………....... 

Other Cattle  
………………………………
……………………………… 
………………………………
…………………………….. 
………………………………
……………………………… 

 
 ………….   
…………
………… 
………..     
…………
………… 
 

 
…………………………………
…………………………………
…………………………………
…………………………………
…………………………………
………………………………… 

 
………………
………………
………………
………………
………………
……………… 

Sheep  
………………………………
……………………………… 
………………………………
……………………………… 
………………………………
……………………………… 

 
………….     
…………
………… 
………….     
…………
………… 
   

 
…………………………………
…………………………………
…………………………………
…………………………………
…………………………………
………………………………… 

 
………………
………………
………………
………………
………………
……………… 

Pigs   
………………………………
……………………………… 
………………………………
……………………………… 
………………………………
……………………………… 

      
………….     
…………
………… 
…………     
…………
………… 
      

 
…………………………………
…………………………………
…………………………………
…………………………………
…………………………………
………………………………… 

 
………………
………………
………………
………………
………………
………………. 

Poultry  
………………………………
……………………………… 
………………………………
……………………………… 
………………………………
……………………………… 

 
…………     
…………
………… 
…………     
…………
………… 
      

 
…………………………………
…………………………………
…………………………………
…………………………………
…………………………………
………………………………… 

 
………………
………………
………………
………………
………………
………………. 

 
 
 



 

 
 

MANURE AND FERTILISER 
 

 
3)  The following question is about the typical application of fertiliser, slurry or farm-yard manure (FYM). I 
understand that fields differ, so please refer to typical application rates. 
 
What quantity of fertiliser and manures are applied to the following crops or grass?                                                    
 

The table below is an example only 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Crops and 
Grass 

FYM Manure 
(tonnes/ 
hectare) 

Slurry  
(m3/ hectare) 

Inorganic Fertiliser 

 N P2O5 K2O 

(kg/ha) (kg/ha) (kg/ha) 

Spring Oats 25 33 104 61 68 

Spring Barley 22 25 107 56 72 



 

 
 

Crops and 
Grass 

Area 
(hectares) 

FYM Manure  
(tonnes /hectare) 

Slurry  
(m3/ hectare) 

Inorganic Fertiliser (kg/ha) Timing of 
application 

(Please enter 
month(s) applied) 

  N P2O5 K2O Inorganic 
fertilisers 

Manure 
or 

Slurry 
Winter Wheat         
Spring Wheat         
Winter Barley         
Spring Barley         
Spring Oats         
Winter Oats         
Winter Oilseed 
Rape 

        

Spring Oilseed 
Rape 

        

Seed Potatoes         
Early Ware 
Potatoes 

        

Main Ware 
Potatoes 

        

Turnips and 
swedes for 
feeding 

        

Kale and 
cabbage for 
stock feeding  

        

Rape for Stock 
feeding 

        

Other 
Vegetables 
(please 
specify) 
…………………
…… 

        

Grazing prior 
to first cut 
silage 

        

First cut silage         

Second cut 
silage 

        

Third cut silage         

Hay         

Aftermath 
Grazing 

        

Grazing for 
dairy 

        

Grazing for 
beef 

        

Grazing for 
Sheep 

        

Other grazing         



 

 
 

Information Sources Use  (tick ✓all 
that apply) 

Technical Value  
(Value 1-5) 

Policy Updates 
Value 
(Value 1-5) 

 Have you signed up for updates from any of the information sources, 
using Twitter, Facebook or a blog? Please tick (✓) all that apply  

     Email  Twitter Facebook Blog 

PRESS         
Farmers Guardian         
Scottish Farmer         
Farmers Weekly         
Press and Journal         
Banffshire Journal         
Buchan Observer          
The Scotsman         
Other (please add below) 
……………………………………… 
……………………………………… 

        

ORGANISATIONS         
Scottish Government         
NFUS         
Young Farmers         
Soil Association         
Organic Farmers and Growers         
SEPA         
SAC         
Other 
………………………………… 

        

COMPANIES         
Fertiliser Suppliers         

SECTION 2 

4) Which information sources do you use to gain information about managing nutrients? Please tick. Please indicate how valuable each source of information is 
to you for technical and policy change information. 1 is of little value, and 5 is of great value. You may give the same score to information categories where you 
feel the sources provide the same value. Please also tick if you receive any updates 



 

 
 

 

COMMUNITY         
Farmers (not family)         
Farmers (family)         



 

 
 

5) What formal training in agriculture do you have? 

 

Basic agricultural training course (less than 2 years)      

Full agricultural training course (2 years or more)     

Practical experience                                                  

 

6) Which age group do you belong to? 

 

             25 or under                     26-34                     35-44                    45-54 

                                             

            55-64                                65+                     

 

 

7) Do you have any other comments about the nutrient information available to you whilst 
farming in an NVZ? 

………………………………………………………………………………………………………………………………………………………
…………………….. 

………………………………………………………………………………………………………………………………………………………
……………………… 

………………………………………………………………………………………………………………………………………………………
……………………… 

………………………………………………………………………………………………………………………………………………………
……………………… 

………………………………………………………………………………………………………………………………………………………
……………………… 

 
 
 
 
 
 
 
 
 

 

 

 

    

  



 

 
 

 
 
 
 
 
 
 
 
 

PRIZE DRAW AND SUMMARY OF RESULTS 

 

 

If you would like to receive this, please tick (✓) as appropriate and supply a contact email: 

        I would like to receive the survey results                Contact email: ……………………………………… 

 
 
 
 
 
 
 
 
 
 
 
Please return this slip with the survey if you wish to be entered into the prize draw. This slip will ONLY be used 
for the prize draw and survey responses will be stored separately. 

         I would like to be entered into the prize draw 

Name………………………………………………….            Email…………………………………………………………………… 

Telephone …………………………………………………..          Address…………………………………………………………….... 

 

 

 

Thank you for your time. Please complete your details overleaf if you would like to be entered into the prize 
draw and/ or you wish to receive a summary of the survey results 

 

 



 

 
 

 

 

 

 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


