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ABSTRACT

Improving farm practices and evaluating livestock farmers’
attitudes to greenhouse gas emission mitigation

In recent years the farming sector has been under growing pressure. Markets influence
demand and prices, challenging farmers to improve production, business competitiveness
and reduce environmental impact. Agriculture accounts for 9% of the total greenhouse gas
emissions in the United Kingdom. Quantitative scientific literature provides useful
strategies to reduce methane and nitrous oxide emissions from livestock farms. Their
adoption may depend on their effectiveness and the influence of farmers’ perceptions of
climate change on their decision-making. Adopting concepts of translational research and
participatory action research, the study builds social capital among 14 livestock farmers in
the South West and West Midlands, and evaluates the potential for adoption of emission
mitigation strategies. The Rapid Farm Practices Appraisal (RFPA) tool was created to
assess farm practices based on their mitigation potential. Practices were assessed twice
over 6-9 months. Semi-structured interviews were used to assess barriers and opportunities
to farmer engagement and on-farm innovation. Farmers were invited to a focus group
meeting to network with other farmers and engage with researchers. All farmers
participated in the 2 farm assessments. Only half the farmers adopted changes in farm
management. The main difficulties related to the storage and treatment of manures due to
the financial investments necessary. All farmers appreciated the RFPA tool, the clearness
of the information provided and the focus of the tool on practices directly. All farmers
accepted to be interviewed during the second farm visit; however, 2 farmers were unable
to participate in the focus group meeting. Farmers’ main obstacles to innovation were
limited financial capital, lack of trust in government action and confusion over the
effectiveness of farm advice on mitigation. The lack of long-term flexibility of agricultural
policies greatly influenced farmers’ decision-making. Farmers preferred practical solutions
obtained through consistent, clear and transparent advisory services. The source of
information greatly influenced their acceptance of advice. Farmers preferred peer-to-peer
knowledge sharing and participatory activities in order to access knowledge on mitigation
directly from scientists. Results provide positive grounds for the expansion of the RFPA
tool to include economic assessment of farm practices and the engagement of a larger pool
of farmers. Further research is needed in order to better understand how the source of
information influences farmers’ acceptance of climate change science. Further studies
should include a comparison between different farming systems i.e. organic v conventional,
small-scale v large-scale.

Key words: greenhouse gases, participatory action research, translational research, farmer
engagement, sustainable farming systems
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1 Introduction

1.1  The climate change debate

The impact of livestock on the environment and farmers’ livelihood has gained increasing
visibility in the past two decades. The term “livestock revolution” was first introduced by
Delgado et al. (1999) to address the possible impacts of the increase in meat consumption,
in particular in developing countries. The effects included negative repercussions on world
food prices, due to the competition between the production of animal feed and that of
produce destined to human consumption. While an increase in livestock production was
predicted to bring benefits in terms of improved diets and income generation, it became
quite obvious that such a production could have a negative impact in terms of
environmental sustainability (i.e. pollution, deforestation and over-consumption) and on
public health (i.e. animal-borne diseases, pesticides, antibiotics, food safety and diet).

In fact, negative environmental impacts from livestock farming increased over time (FAO,
2006), resulting in water pollution, biodiversity loss and 70% of grazing land in dry areas
being the subject of degradation due to overgrazing, compaction and erosion. Moreover,
greenhouse gas (GHG) emissions from livestock systems were estimated to amount to
18% of global emissions. Livestock are responsible for 37% of methane (CH,) emissions,
originating predominantly from ruminant enteric fermentation processes and for 65% of
nitrous oxide (N,O) emissions originating from manures and fertilisers use (ibid).
However, with an estimated 1.7 billion animals, livestock production represents an
important sector of societies, generating 40% of the global agricultural domestic product,
employing around 1.3 billion people, occupying ¥ of the Earth land surface area and
utilising %5 of the total available arable land to produce animal feed (FAO, 2010). It is thus
reasonable to assume that any action that attempts to tackle the issue of GHG emissions

from livestock will have repercussions not only on production and therefore on local,
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national and international markets, but also on farmers’ livelihoods and income generation

as well.

In the United Kingdom, the Climate Change Act of 2008 set the target of reducing the
overall greenhouse gas (GHG) emissions by 80% by 2050 (United Kingdom Parliament,
2008). The Act is the result of the ratification of the Kyoto Protocol in 1998 (United
Nations, 1998). The target applies to every sector of society and the initial phases of the
GHG Action Plan for the Agricultural Sector (NFU, 2011) involved updating gases
inventories and reviewing implementation strategies to mitigate emissions. By identifying
the sources of GHG emissions, mitigation strategies aim to reduce emissions by adopting
farm practices with a reduced environmental impact but which will still ensure a cost-
effective livestock production. Science-based evidence on emissions covers a wide range
of mitigation options. However, measurements and system boundaries for Life Cycle
Analysis (LCA) models needed for carbon accounting are not always standardised or
uniformly defined. The debate is even hotter in the agricultural sector, where farms vary
greatly in size and type of management, resulting in greater challenges to provide

standardised carbon footprinting methodologies.

1.2 Problem statement and study aim

The lack of uniformity in quantifying data on GHG emissions due to the large body of
evidence from studies under a wide range of conditions, coupled with the lack of
consistency in carbon accounting estimates, may result in scepticism over the impacts of
GHG emission mitigation, widening the gap between scientific research and its practical
application. Farmers are under multiple pressures: production, market competitiveness,

environmental conservation and, more recently, GHG emissions. However, when



13

investigating GHG emission mitigation it is important to consider farmers’ livelihoods,
and the impact mitigation strategies may have at economic, environmental and social
levels. Therefore, the study of farmers’ behaviour becomes a key element in predicting the

success in the adoption of mitigation strategies.

This study aimed to support the Action Plan by developing a practical approach to GHG
emission mitigation, considering scientific data and social implications. It provides
valuable information on livestock farmers’ perception of mitigation strategies, the
sustainability, strengths and limitations of such strategies and therefore the possible

implications for policy-makers.

1.3  Study objectives

The study represented an example of translational research where a selected group of
livestock farmers act as co-researchers. The purpose of the study was three-fold: on the
one hand it critically evaluated scientific evidence on GHG mitigation; on the other hand it
provided support to farmers on the implementation of on-farm innovation to mitigate GHG
emissions while at the same time, it assessed the extent to which farmers’ attitudes and
perceptions of GHG emission mitigation influenced their behaviour and their subsequent

adoption of mitigation strategies.
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The study addressed the following objectives; to:-

1. Provide more accurate estimates of GHG emissions and a review of carbon
calculators currently available in the UK;

2. Assess the feasibility of practical application of mitigation strategies;

3. Provide a free and easy-to-use decision support tool for farmers and land managers,
in the form of a decision tree;

4. Propose mitigation options to farmers and land managers based not only on
environmental impacts, but also considering their socio-economic impact on
businesses;

5. Evaluate farmers’ responses and attitudes to mitigation strategies and the barriers to
on-farm GHG emission mitigation;

6. Evaluate the potential to overcome these barriers and the influence of farmer
engagement with researchers by adopting a multidisciplinary participatory action

research methodology.

1.4 Outline of methodology

The initial phase was to critically review current literature on livestock and GHG emission
mitigation. The objective was to identify quantitative evidence on the degree of mitigation
possible. The evidence was then used to standardise the improvement realisable based on
current evidence. The review also allowed the mitigation data and units of measures to be
standardised.

The second phase focused on farmer engagement. A set of farmers was selected in the
South West and West Midlands regions for a pilot study. Farms were extensive livestock
farms with primarily pasture-based systems. The following illustrates the methodology

stages (Figure 1.1), which are described in more detail in chapter 5.
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1.5 Thesis structure

Chapter 1. Introduction. This chapter provides a brief overview of the topics addressed by

the study and outlines the methodology adopted.

Chapter 2. Challenges facing the agricultural sector in the England. This chapter provides
a review of the greatest challenges facing agricultural production in the England. It
illustrates the potential obstacles to carbon accounting and how these may undermine the
accuracy of carbon accounting tools, citing free on-line carbon footprint calculators such
as CALM Carbon Accounting for Land Managers (CLA, 2011) and the Climate Friendly
Food Calculator (Smith, 2011). This section also highlights challenges related to the lack
of universal definition of the system boundaries needed in order to apply Life Cycle

Analysis and obtain carbon footprint estimates.

Chapter 3. Greenhouse gas emissions and potential for mitigation in the livestock sector.
This chapter illustrates the sources of greenhouse gas emissions on farm, with particular
interest on the methane (CH,) and nitrous oxide (N2O) emissions and a specific focus on
emissions from manure, providing a review of the most acknowledged mitigation options

currently available at the farm level.

Chapter 4. Farmer engagement. This section features a review of farmer engagement
strategies that can be adopted to promote sustainable on-farm innovation by fostering

researcher-farmer collaboration and knowledge sharing.
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Chapter 5. Case Study Research. This section illustrates the methodology adopted in the
study providing detailed information on its stages and expected outcomes. The stages
consisted of the formulation of a model for a decision support tool designed for livestock
farmers; followed by the test of the model on 14 farms across the South West and West
Midlands regions; and finally the evaluation of farmers’ attitudes and perceptions of GHG

emission mitigation using semi-structured interviews and a farmer focus group meeting.

Chapter 6. Results and Discussion. After reporting the results obtained from pilot testing
of the decision support tool on farm and from farmer engaging activities, these are
critically evaluated in order to provide valuable information on farmers’ attitudes and
perceptions of GHG emission mitigation. The discussion addresses the greatest obstacles
and barriers to on-farm innovation found in the study and ends on a positive note by
discussion opportunities and drivers for change, by highlighting the importance of farmer

engagement.

Chapter 7. Conclusion. Finally, this chapter briefly summarises the methodology adopted
in the study, illustrates the strengths and limitations of the methodology adopted and the
possibilities for further development of projects addressing farmer engagement on GHG

emission mitigation at the farm level.



18

Chapter 2

Challenges facing the agricultural sector
In England

2.1  Climate change and agriculture in England
2.2  Challenges facing climate change impact assessment

2.3  The way forward
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2 Challenges facing the agricultural sector in England

Even though the impulse on growth has long shifted from the agricultural sector to the
industrial and then the services sectors, agriculture still represents an important part of
British society. In recent times agri-businesses have seen an increased pressure on
producing food in a sustainable way. The complexity of the challenge can refer to the
concept of multiple exposures described in the works of Belliveau et al. (2006) and
O’Brien et al. (2004). The authors suggest that, while climate change can present both
risks and opportunities for producers, the vulnerability of agricultural systems is linked to
the presence of multiple internal and external influences. Farmers may have different
perceptions of risk associated with climate change and innovation, which can influence
greatly their behaviour and their relationships with other stakeholders i.e. researchers,
extension agents, policy-makers (Tam and McDaniels, 2013). The concept of “boundary
work” described by Clark et al. (2011) in the context of sustainable development is meant
to facilitate meaningful interaction between stakeholders that may have different views and
understandings of a problem and emphasizes the importance of establishing collaborative
action between stakeholders across the boundary.

These considerations highlight the importance of the adoption of integrated approaches in
agricultural research i.e. the need for studies oriented to problem-solving and which take
into account not only the economic and environmental factors influencing sustainable
development, but also consider the impact of knowledge sharing and the attitudes and
needs of the various actors involved in the development process leading to changes in
agricultural practices (Hirsch Hadorn et al., 2006). Integrated methodologies that include
quantitative and qualitative approaches and the use of case studies should also provide
greater insight on possible solutions to complex context-dependent problems (Scholz et al.,

2006). The relevance of case study research will be further discussed in section 4.3.4.
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Therefore, in order to promote the effective implementation of changes and on-farm
innovation, it is important to understand that the agricultural sector is exposed to multiple
pressures that go beyond the technical aspects of production processes and include the
influence of local and global markets and infrastructure; the influence of activities that
promote environmental conservation and protection; and the social implications of change
linked to the need to ensure the sustainability of the livelihoods of the people involved at
different levels of the production chain.

As a result, it is reasonable to expect that the problem of greenhouse gas (GHG) mitigation
may not be a priority for producers. Agricultural restructuring needs to address issues that
may have varying degrees of priority, depending on the specific aims of rural development
and innovation programmes. Immediate and short-term concerns could be the compliance
to Common Agricultural Policy (CAP) regulations and the possibility of subscribing to
Environmental Stewardship Schemes in order to ensure competitiveness and
environmental sustainability of agri-businesses. Market pressures on prices, as well as the
pressure on using resources sustainably, could also be considered short-term concerns.
However, this study did not focus on the economic analysis of GHG emission mitigation.
With a specific focus on the impact of climate change on agriculture and GHG emission
mitigation as an example of on-farm innovation, this chapter provides an overview of the
challenges facing the agricultural sector in England, in particular regarding effective policy
making, the impact of agricultural research and the importance of successful engagement
with the farming community. The challenges related to farmer engagement will be further

discussed in chapter 4.
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2.1 Climate change and agriculture in England
This section provides an overview of the impact of climate change on agriculture and the

issues related to policy making for the agricultural sector.

2.1.1 Impact of climate change on the agricultural sector

The agricultural sector is perhaps one of the most multifaceted and versatile sectors of
society. While its association with food production is fairly straight forward, agriculture is
considered both a provider and a recipient of ecosystem services (Swinton et al., 2007). In
fact, agriculture is responsible for a series of important ecosystem services. Therefore,
farm and landscape management can have a positive influence on ecosystems or,

conversely, they can lead to ecosystem disservices (Power, 2010), illustrated in table 2.1.
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Table 2.1 Agricultural ecosystem services and disservices linked to land use change and

human intervention (Adapted from Swinton et al., 2007 and Power, 2010).

Agriculture Farm Landscape
management management
Ecosystem Provisioning: Provision of: Windbreaks
Services - Nutrient cycling - Food Hedgerows
- Water - Timber Natural habitats
- Biodiversity - Bioenergy
- Pollination
Regulating:
- Pest control
- Nutrient recycling
- Soil conservation
- Carbon sequestration
Cultural:
- Aesthetics
- Recreational services
Ecosystem Loss of biodiversity
disservices Nutrient runoff

Soil and water pollution
Pesticide poisoning
Greenhouse gas emissions
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Human interventions such as land use changes have multiple effects on ecosystems. The
conversion of wild landscape to agricultural land can provide food, animal feed or fuel.
However, landscape management can also result in loss of natural habitats, loss of
biodiversity, pollution, poisoning and greenhouse gas emissions. The latter are linked to
one of the most debated topics in the past two decades: climate change and its impact on
agriculture is a controversial topic, since a great deal of uncertainty still surrounds the
validity and reliability of the models used to evaluate the impact of climate change in the
agricultural sector. The fact that agriculture is constantly under pressure for increased
yields, market competitiveness and environmental conservation, doesn’t make the task of
policy makers any easier. In fact, a recent study evaluating Dutch policies directly related
to the implementation of EU directives has revealed that policy makers tend to focus their
efforts on high level governance issues, rather than on agricultural ecosystem services
(Schouten et al., 2012). This is because ecosystem services are more difficult to evaluate
using standardised criteria, and they are often linked to the concept of resilience described
by Carpenter et al. (2001, p.766) and defined by Walker et al. (2004, p.2) as “the capacity
of a system to absorb disturbance, undergo change, and retain the same essential
functions, structure, identity and feedbacks”. Therefore, policy making that promotes
resilience requires a complex web of activities which include ecosystem evaluation, socio-
economic research and public engagement (Schouten et al., 2012). Initially, it is important
to understand the likely impacts of climate change on the agricultural sector and what
issues the policy makers need to understand in order to enable the sector to cope with

future changes.

In the United Kingdom, the Department for Environmental, Food and Rural Affairs has

recently carried out the UK Climate Change Risk Assessment exercise for 2012 and the



24

report highlights both risks and opportunities for the agricultural sector in the next 50 years
(Table 2.2). The agricultural sector is expected to be affected significantly by the increase
in temperatures, the increase in frequency of extreme weather events resulting in higher
risk of flooding and drought, changes in rainfall patterns and in the concentration of
atmospheric CO,. Although these changes represent a threat to the viability of current UK
agriculture and to the provision of sustainable food production, they could present

opportunities, such as:-

- an extended grazing season for livestock;
- an increase in yields for crops and fodder;
- warmer winters can result in shorter housing of livestock and therefore lower costs

of feed, bedding and housing maintenance.

Table 2.2 summarises the range of opportunities and threats that could be brought to the
agricultural sector by future climate change scenarios and the level of confidence the UK
Government attributes to each forecast (DEFRA, 2012b). One of the most likely effects of
climate change will be the greater risk of flooding and drought. Therefore, opportunities
that may arise from future climate scenarios will depend primarily on the adequate
provision of water and nutrients to crops and livestock. From the point of view of farmers,
provided yields and livestock production will not be adversely affected by greater climate
variability, the challenge will also include maintaining market competitiveness, at local,
national and international levels, and adapt not only to climate, but also to the ever

changing demands of consumers (Cheshire and Woods, 2013).
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Table 2.2 Opportunities and threats from climate change (DEFRA, 2012b).

Impacts of climate change 2020s 2050s 2080s Confidence
Opportunities Changes in potato yield + + + Low
(due to combined climate
effects and COy,)
Changes in grassland + ++ ++ Medium
productivity
Changes in sugar beet yield + ++ +++ Medium
(due to warmer conditions)
Opportunities to grow new + ++ +++ High
crops
Changes in wheat yield ++ ++ +++ Medium
(due to warmer conditions)
Threats Reduction in milk - - - Low
production due to heat stress
Reduction in dairy herd - - - Low
fertility due to heat stress
Increased duration of heat - - - High
stress in dairy cows
Number of unsustainable - - -- Medium
water abstractions
(agriculture)
Flood risk to high quality - - High
agricultural land
Drier soils (due to warmer -- - -- Medium
and drier summer
conditions)
Increases in water demand -- - -- Medium

for irrigation of crops
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Therefore, the role of researchers and policy makers is growing in importance. The former
needs to ensure that research is targeting the needs of the farming community, such as an
increased productivity combined with environmental sustainability and conservation, by
engaging with farmers in activities that will provide them support with coping with the
challenges they are facing i.e. knowledge transfer, collaboration and capacity building
(Larsen et al., 2011; Peer and Stoeglehner, 2013). The latter needs to integrate the latest
scientific evidence into policies which promote environmental protection and
conservation, sustainable use of agricultural resources and business competitiveness at
market level. The challenge lies in the diversity of the topics that the agricultural sector
entails and in ensuring that compartmentalised legislation does not result in conflicting
policies that may create confusion among landowners and land managers (Beilin et al.,

2012).

2.1.2 Policy making and agriculture

Assessing the environmental impact of the agricultural sector is a complex task, since the
size, type and management of farm holdings can vary greatly. It is difficult to generalise an
intervention or a policy that was designed in a specific context, and it is important to take
into account that the agricultural sector is subject to policies that address apparently
unrelated issues, but that in fact are interconnected i.e. food production and retail,
environmental conservation, animal welfare, pollution and waste management (OECD,
2010).

The impact of the agricultural sector in the United Kingdom in terms of greenhouse gas
(GHG) emissions has been recently evaluated by the Department of Environment, Food
and Rural Affairs (DEFRA, 2012b). It is estimated that agriculture accounts for about 9%

of the total GHG. The breakdown of this figure attributes 32% of the emissions to methane
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(CHy,), 61% to nitrous oxide (N2O) and less than 10% to carbon dioxide (CO;). As a result
of the implementation of the Climate Change Act of 2008, a series of measures have been
put into place by the UK Government in order to improve agricultural practices, improve
businesses’ competitiveness and promote environmental conservation (DEFRA, 2007;
Natural England, 2011). The Greenhouse Gas Action Plan of 2009 addressed the issue of
emissions from the agricultural sector with an initial update on the gases inventories and a

review of the GHG mitigation strategies available (NFU, 2011).

In England, the government provides a series of measures to incentivise farmers to
safeguard the environment and at the same time improve farm practices. Rural grants are
made available to farmers under the Rural Development Programme for England (RDPE)
(DEFRA, 2007). The programme was created to implement the European Council (EC)
Regulations N0.1698/2005 and EC No0.1974/2006 that provide support for rural

development in each member state (European Union, 2005; European Union, 2006).

Under the Common Agricultural Policy, the Single Payment Scheme (SPS) provides
economic support to farmers (European Union, 2003). Farmers under SPS have to ensure
Cross Compliance with Statutory Management Requirements (SMRs) and Good
Agricultural and Environmental Conditions (GAECs) (Figure 2.1). Moreover, the British
Government adopted measures to promote competitiveness of the agricultural sector
combined with environmental protection that include economic instruments, such as
Environmental Stewardship Schemes at entry level and higher level (Natural England,
2011). A series of handbooks and manuals are available for farmers to test their practices
against the various stewardships schemes’ regulations and ensure compliance to the Good

Agricultural Practices (GAPs) and GAECs (RPA, 2009; RPA, 2011; RPA, 2012).
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Figure 2.1 Legislative timeline for the agricultural sector.
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Therefore, farmers can find a wide range of guidance and suggestions regarding the impact
of farm management practices that they can decide to adopt depending on the needs of

their agribusiness.

However, the growing interest in the environmental impact of greenhouse gases from the
agricultural sector and in particular in the practices that effectively mitigate GHG
emissions, has raised the issue of proofing these practices against the policy instruments
that promote agricultural competitiveness and sustainability both in terms of economic and
environmental benefits. Therefore, it is important to understand that the agricultural sector
is under great pressure at the moment because of its fragile economic situation.
Agricultural businesses have to find equilibrium between productivity and viability and
farmers choosing sustainable agricultural practices have to take into account available
options based on their practical application, labour intensiveness and cost-effectiveness.

Given the economic constraints all sectors are currently subject to, it is essential to identify
which are the greatest challenges that could influence the decision making process at the
farm level. Greenhouse gas emission mitigation strategies which are difficult to implement
could be strategies advising a change in animal diet. Farms either produce feed or part of
the feed on farm (i.e. arable crops), or have contracts with feed suppliers. A change in
crops cultivated on farm or a change in feed from specific suppliers may not be a practical
option for many farmers, as the benefits from the change in management could only be
evaluated in the long run. Another point that needs to be taken into account is the labour
intensiveness of a given mitigation option. Finally, policy makers need to ensure that the
policies that promote environmental conservation, good agricultural practices and aim at

supporting farmers in reducing their carbon footprint do not provide conflicting advice to
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farmers on improving productivity, competitiveness and environmental sustainability

(Beilin et al., 2012).

2.2  Challenges facing climate change impact assessment

2.2.1 Life Cycle Analysis

Life Cycle Analysis (LCA) is a methodology that requires identifying all stages of a
production cycle and the definition of the system boundaries of a given product, in order to
assess its impact in terms of greenhouse gas emissions. There are two types of LCA:
attributional and consequential. Attributional LCA allows describing the environmental
properties of a life cycle, whilst consequential LCA aims at assessing the impact of
changes in practices (Ekvall and Weidema, 2004). The latter is the most appropriate
methodology used in carbon calculators and it is widely used in LCA exercises in North
America (Beauchemin et al., 2010; Pelletier et al., 2010) and Europe (Lopez-Ridaura et al.,
2009; Nemecek et al., 2011; Thomassen et al., 2008) to support policy making (Hamelin et
al., 2010; Wesnzs et al., 2009). The methodology is essential to every carbon footprint
calculator, as it breaks down the various stages of production and allows calculation of
their impact. However, LCA presents some limitations. The results are heavily dependent
on the system boundaries (Schmidt, 2004). In fact, a carbon footprint model may include
or exclude certain stages of production (Rotz et al., 2010); therefore, results may vary not
only depending on the farm, but also on the type of calculator used to assess the farm
impact (Schils et al., 2007). For instance, results from land use changes and especially the
competition for land destined to produce food for human consumption or feed for animal
consumption, are not included in LCA models currently used to evaluate the

environmental impact of a given product (de Vries and de Boer, 2010).
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Moreover, CO,-eq conversion rates are standardised for all greenhouse gases identified in
the Kyoto Protocol and mentioned in the IPCC Guidelines (IPCC, 2006). However, carbon
accounting tools do not always consider all greenhouse gases and may just focus on COy,
CH,4 and N,O, grouping all other gases (Gillenwater, 2008), and they may also need
country-specific adapted calculations (Havlikova et al., 2008; Rodhe et al., 2009), in
particular considering the constant updating of scientific data inventories, the uncertainties
that still surround some areas of investigation i.e. land management (Misselbrook et al.,
2011) and the possible changes in governments’ budgets allocated to GHG inventories and

footprint accounting (Kitzes et al., 2009).

2.2.2 Carbon footprint calculators
The Greenhouse Gas Protocol standard is commonly used to categorise an organisation’s
emissions into 3 groups or scopes (Russell, 2011). In the agricultural sector, scopes can be

described as follows:-

- Scope 1. Direct emissions: these emissions originate from activities that are directly
under the farmers’ control i.e. on-farm activities related to animals, crops, soils, fuels.

- Scope 2. Indirect emissions: these emissions originate from energy (i.e. electricity)
used on-farm but produced elsewhere and therefore they are not under the farmers’
control.

- Scope 3. Indirect emissions: these emissions are not under farmers’ control at any rate.
Examples include the emissions from the transportation of labour and waste to and
from the farm, and the emissions from the production of fertilisers, feed, machineries

and, more generally, farm inputs.
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Under the Greenhouse Gas Protocol, an organisation must include scope 1 and 2 emissions
within its carbon footprint. However, there is broad discretion about which scope 3
emissions should be included in a business carbon footprint - for example, organisations
often include waste disposed to landfill and employee business travel from scope 3

(Russell, 2011).

There is a plethora of carbon footprint calculators available for the agricultural sector, the
reason being the peculiarity of farming systems and the purpose of the calculator. Using
IPCC guidelines, BSI Standards and LCA modelling, different carbon footprint calculators
can provide different estimates of a particular product. A number of institutions have
developed calculators that can be used in agriculture, but some are proprietary or do not
have an online version providing user-friendly access (Little and Smith, 2010). Two
calculators that have free online access are the Country Land & Business Association
(CLA) Carbon Accounting for Land managers (CALM) calculator (CLA, 2009) and the
Carbon Friendly Food (CFF) calculator (Smith, 2010). Both calculators require the user to
register an account, free of charge, with the possibility of creating a farm profile. Farmers
can access the account at later stages and therefore they can monitor their agri-business

footprint over the years.

2.2.2.1 Publicly Available Specification 2050

The Publicly Available Specification 2050 (PAS 2050) is a tool developed by the British
Standards Institution (BSI), sponsored by the Carbon Trust and DEFRA, to assess GHG
emissions based on their life cycle. Virtually any product or any business can be evaluated
by running a Life Cycle Analysis (LCA) and identifying key stages of production. PAS

2050 was not specifically built for the agricultural sector and it is not interactive, but it is
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rather a tool promoting consensus building by consultation at business level and at
business-to-consumer level.

PAS 2050 is a consultative document that takes into account the 6 gases identified in the
Kyoto Protocol. Emissions are calculated in Carbon Equivalents. Data are gathered from
various sources: stakeholders, research groups, governmental panels and nongovernmental
organisations. The assessment of each greenhouse gas emission is based on a “hybrid
LCA” methodology, combining the guidelines suggested by the Carbon Trust (2010) for
LCA, with an input-output supply chain analysis and 1SO-14040 compliance (ISO, 2006).
This wider approach is meant to provide more accuracy and a comprehensive coverage of
GHG emissions sources. The official PAS 2050 document was first published in October
2008 by the British Standards Institution (BSI, 2008). A detailed report on the PAS 2050
methodology is available on the DEFRA website (DEFRA, 2008). The document is simply
a consultative tool; therefore, farmers and land managers cannot use it interactively, but
may only refer to it to estimate the impact of their business or the impact of a given
product along the supply chain. Updated versions are constantly under review, using data
provided by the Carbon Trust, in order to provide a reference tool that features the latest

up-to-date scientific knowledge on GHG emission factors and calculations.

2.2.2.2 CLA CALM calculator

The CALM carbon footprint calculator was developed by CLA using IPCC guidelines and
formulas (IPCC, 2006), integrated with the UK GHG inventory report 1990-2008 (DECC,
2008). It is regularly updated and features calculations and emission factors reported in the
National Inventory Report of 2011 (UNFCC, 2011). The inventories follow the directives
of the UNFCCC on reporting emissions; therefore, the data available may overlap between

the various documents and they are sometimes merged for the purpose of the CALM.
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The tool measures emissions of CO,, CH; and N,O from land-based businesses. The
emissions taken into account are from energy use, livestock, agricultural activities
(cultivation, land-use change and fertiliser use). The figures are then balanced against the
carbon stored in soil and vegetation. The tool does not measure the carbon sequestration
directly, but rather the change in the emission rates if Environmental Stewardship options
are adopted. This approach provides an estimate of the carbon balance of the assessed
business.

The CALM calculator takes into account scope 1, scope 2 and certain scope 3 emissions
(i.e. emissions from processing and distribution of inputs such as feed and fertilisers).
Even though collecting data for Scope 3 emissions is seldom easily done by the farmer,
figures for these emissions are recommended to be added to the calculator whenever
available. For nitrogen fertilisers in particular, CALM can provide guidance in assessing
emissions.

The calculator is oriented toward a practice-based calculation, rather than a product-based
calculation. However, it does not take into account organic farm management practices
and it only partially considers carbon sequestration (Little and Smith, 2010). Other
challenges facing accurate calculations are emissions derived from land use changes. In
fact, soil types are a very important variable in calculations; however, the type of data from
national inventories and IPCC guidelines present discrepancies in results produced and
challenges the purpose of the calculator, which is to “show the contribution of the farm to
the national inventory” (Ward, 2011). In fact, as the calculator follows GHG Protocol
Standard (Russell, 2011), auditing results issued by CALM should be comparable with
figures provided by the UK National Inventory, making it easier for businesses to assess

their consistency with national reports and possible reduction in GHG emissions.
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2.2.2.3 CFF calculator

The Climate Friendly Food (CFF) calculator was developed in 2009 by organic farmer
Jonathan Smith and researchers Mukti Mitchell, Rupert Hawley and Jenny Hall. Similarly
to CALM, the CFF calculator was developed following the IPCC Guidelines (IPPC, 2006)
and is regularly updated using UK national inventories, data from DEFRA made available
to the public and other reputed sources such as Rothamsted Research Institute and
acknowledged scientific journals. The tool takes in to account scope 1 and scope 2
emissions; it partially takes into account scope 3 emissions (i.e. organic fertiliser, feed) and
“it covers soil organic processes and carbon sequestration, which are omitted from most
other agricultural calculators yet can be the greatest contributors to net carbon emissions
or sequestration” (Smith, 2009, official website). The tool has a similar online interface to
CALM, albeit more visually appealing, as the latest update introduced the possibility of
generating graphs from the footprinting results. Users can create an account and track
changes in footprint over time. The tool is now part of a toolkit available online for

farmers to add a climate friendly certification to their produce.

2.2.3 The footprint dilemma: to off-set or to reduce?

Life Cycle Analysis and carbon footprint calculators represent useful tools to attempt to
quantify GHG emissions. However, farming systems are complex and a broader approach
may be needed in order to consider aspects of agricultural production that are not currently
accounted for by the acknowledged LCA models, as proposed by Garnett (2009), who
suggests the formulation of a model that includes scope 3 emissions, cost-benefit scenarios
and the controversial topic of the quantification of ecosystem services, in terms of actual

needs of a service instead of its surplus provision.
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Moreover, a change in farm practices may result in an improvement in GHG emission
mitigation, but it may also have a negative effect on other aspects of farming e.g.
transportation, socio-economic constraints. Based on a thorough analysis of the most
recent GHG mitigation studies, de Boer et al. (2011, p.424) suggest that “the full potential
of a mitigation option to achieve a net reduction of GHGs or its trade-offs with other
aspects of sustainability (e.g. animal welfare) are not generally addressed in the
literature.” Important trade-offs to consider when changing a farm practice are animal
welfare, practical feasibility, farm livelihood, waste management costs, transportation,
labour and added energy costs, both direct (i.e. fuel needed for on-farm machinery use)
and indirect (i.e. fertiliser used to increase crop production), animal and human health,
public perception and acceptance (i.e. grain-fed livestock vs pasture-fed livestock) and the
sustainable use of soil and water resources (de Boer et al., 2011). Even though, as part of
its Green Growth Strategy, the Organisation for Economic Co-operation and Development
recognised that trade-offs should be included in policy design that addresses environmental
issues (OECD, 2010), these are difficult to assess in terms of socio-economic impact.
Moreover, although the feasibility and effectiveness of certain mitigation options are not
considered context-dependent (e.g. lower livestock replacement rate), farmers’ perceptions
of GHG mitigation options, such as improved feed conversion efficiency and production
per unit of livestock, in terms of cost-effectiveness and possible trade-offs, may vary
greatly depending on the size and type of farm, as well as on the current national economic
situation i.e. cost of inputs (Vellinga et al., 2011).

Therefore, farmers are not only facing the challenge of producing food in a cost-effective
system that ensures that sustainable use of environmental resources, but they also have to
find the balance between possible trade-offs and obligations to comply with current

national policies that may not consider “the whole picture” of agricultural production.
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2.3  The way forward

2.3.1 Policy making under climate change challenges

Governments are continuously facing the challenge of promoting sustainable agricultural
practices, in particular under the latest revision of the Common Agricultural Policy (CAP).
A recent report on the targets of CAP 2020 highlighted the importance of sustainable
conservation agriculture as a strategy to both adapt and mitigate the impacts of climate
change (Basch et al., 2012). Among the steps to take, the authors cite activities that foster
social capital, promote knowledge exchange and knowledge transfer in order to integrate
researchers’ scientific knowledge with farmers’ practical experience. Governments should
also promote stakeholders’ engagement and adopt strategies that incentivise farmers to join
environmental stewardship schemes. The British Government, through Natural England,
reaches out to the public by illustrating the benefits of signing Environmental Stewardship
(ES) schemes (Natural England, 2012). Information is given on ecosystem services
received or provided by farming and on how sustainable management options suggested in
the schemes can benefit ecosystem services. The Government incentivises the sustainable
use of soil and water resources, nutrient cycling, carbon sequestration, waste management,
and the management of livestock and crop production in order to reduce the negative
environmental impacts of agri-businesses and promote sustainable food production and

environmental conservation in thriving rural communities.

Although all European member states have adopted National Adaptation Strategies to cope
with the impacts of climate change, the implementation of such strategies can provide
mixed results. This is the case of the United Kingdom which, like Denmark, has developed
a National Adaptation Strategy that addresses a variety of sectors, including agriculture,

but still faces a number of challenges linked to the uncertainty surrounding scientific
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knowledge about the effectiveness and reliability of GHG mitigation strategies, the
involvement of multi-level actors (i.e. government agencies, local agencies, private sector)
and the development of a transparent knowledge network infrastructure (Biesbroek et al.,
2010). A further obstacle is the design and implementation of an effective methodology to
evaluate the impact of climate change action on farming. As illustrated in previous
paragraphs, the evaluation of a farming system presents challenges related to the size and
financial viability of the business. It is possible that farmers are linked to local social
networks and involved in community-based knowledge sharing activities. Therefore, field
studies and extension work including surveys and data collection on farmers’ attitudes to
climate change are an effective, yet potentially expensive and time-consuming strategy in
order to assess the socio-economic impact of climate change in different farming contexts
where, as an example, models designed for the large-scale farming sector do not apply to
small-scale farming systems (Claessens et al., 2012). It then becomes necessary to design a
strategy that can combine the benefits of extension services i.e. promoting two-way
communication between farmers, researchers and/or government agencies, with the
reliability of farm management practices assessment based on the most recent scientific

knowledge on GHG mitigation options.

2.3.2 Effective communication

In order to illustrate the focus of supra-national action on climate change, Hofmann et al.
(2011) have analysed the topics of the studies from European countries, including the
United Kingdom, that were used by the Intergovernmental Panel on Climate Change in its
review of climate change impacts (IPCC, 2007b). It is interesting to note that, while the
authors found that most studies considered by the IPCC related to climate change being the

“driver for change”, they also found that the majority of the studies focus on climate
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change impact projections but do not consistently use the same vocabulary and they do not
adopt an integrative approach to climate change issues. Therefore, the general conclusion
of the study was that fragmentation of climate change studies and knowledge transfer (i.e.
communication without using technical jargon) remain major barriers to the formulation of
a widely accepted model to address the impacts of climate change and engage with the
public on mitigation strategies (Hofmann et al., 2011). In particular, the challenge of
formulating socio-economic scenarios is linked to the difficulty in obtaining reliable long-
term climate change scenarios on which to base mitigation strategies, which are not

influenced by short-term political and/or economic constraints (Kriegler et al., 2012).

Experiences in Finland and in Italy have shown that the greatest obstacles to the
implementation of effective climate change strategies at national level lie in the
communication between the various actors involved and in the interaction between
governmental agencies and extra-governmental groups or institutions (Juhola and
Westerhoff, 2011). Part of the reasons lie in the lack of common language between the
various stakeholders (i.e. policy makers, researchers and the farming community), which
can result in a lack of integration of the sectors involved (Tol, 2005). In fact, farmers’
perception of a lack of clear agency and long-term strategy from the British Government,
funded on transparent information tailored for the agricultural sector, may result in
people’s reaction to climate change to depend on personal and often socio-economic
reasons, rather than relying on a wider acknowledgement that the impact of climate change
needs a common strategy (Lorenzoni et al., 2007). The divergence in goals between the
researchers’ community and the farmers’ community, the former aiming at publishing high
impact research studies, whilst the latter is looking for practical advice based on sound

scientific knowledge, is highlighting the challenges in achieving successful on-farm
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innovation for the benefit of both researchers and farmers (Brookfield and Gyasi, 2009).
On the other hand, there is also the risk of considering that the continuous publishing of
new research, whether its results are accessible to the public or not, will lead to an
improvement in the sustainable use of agricultural and environmental resources and
therefore research always leads to benefits for society via policy making (Robards et al.,

2011).

2.3.3 Successful farmer engagement on GHG mitigation

This chapter has introduced the challenges facing the successful design and
implementation of GHG mitigation strategies. The findings show that there is a need for a
long-term strategy which addresses the problem of on-farm GHG mitigation using a
comprehensive approach. This approach should include on the one hand, hard science on
GHG mitigation and on the other hand, successful methodologies for farmer engagement
which promote knowledge transfer (i.e. researcher-to-farmer-to-researcher), knowledge
sharing (i.e. farmer-to-farmer) and facilitate change by putting science to use in on-farm
innovation in order to reduce GHG emissions. A schematic representation of the
relationships between farmers, researchers and policy makers is proposed in figure 2.2a
and refined in figure 2.2b to show farmers as co-researchers, in the case of small-scale or
extensive low-input farming systems. The subject will be addressed in more detail in

chapters 4 and 5.
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Figure 2.2a. Interaction gaps between small-scale farmers, researchers and policy makers.
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Finally, by adopting the approach found in translational research, this study combines
qualitative and quantitative research methodologies in order to design a framework for
successful engagement with livestock farmers. The following chapters present a review of
the most acknowledged scientific data on on-farm mitigation strategies, followed by a
review of the most effective approaches used to engage with farming communities, and
finally the formulation and test of a decision support tool with the aim of helping farmers
identify possible changes in practices to reduce GHG emissions. The study provides
valuable information to support the GHG Action Plan for the agricultural sector (Burbi et
al.,, 2011) and it includes activities to promote the establishment of a two-way
communication flow between researchers and farmers, where researchers act as extension
officers, giving advice to farmers on solutions derived from scientific knowledge that may
not be accessible to them, whilst farmers will act as co-researchers, providing valuable
feedback to researchers on real and perceived barriers to GHG mitigation in livestock

farming systems.
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3 Greenhouse gas emission mitigation from livestock farms

This chapter reviews the quantitative evidence regarding the mitigation of greenhouse gas
emissions at the farm level. It then provides a series of mitigation options available to

farmers who aim at reducing the carbon footprint of their agri-businesses.

3.1  Introduction

The role of greenhouse gases (GHG) and their contribution to climate change has been
subject of many studies in the past two decades. GHG emissions can be naturally occurring
emissions and man-made emissions. The study focuses on the former, divided into carbon
dioxide (CO,) and non-CO; gases, the two main ones being methane (CH,) and nitrous
oxide (N,O) (IPCC, 2001). The Global Warming Potential (GWP) has been officially
adopted to assess the actual effect of a given greenhouse gas on global warming and events
related to climate change, where CO; is taken as reference and its GWP is 1 i.e. “the ratio
of the time integrated radiative forcing from the instantaneous release of 1 kilogram (kg)
of a trace substance relative to that of 1 kg of a reference gas” (IPCC, 2001). The
Intergovernmental Panel on Climate Change estimates the GWP of methane at 25 and 298

for nitrous oxide (IPCC, 2007c).

The latest report issued by the Department of Energy & Climate Change (DECC, 2013)
refers to greenhouse gases inventories up to the year 2011. It reports an overall reduction
of greenhouse gases by 29.2% from the 1990 baseline and the impact of the agricultural
sector accounts for 9.2% of the total emissions in the United Kingdom. In order to follow
the progress of emission reduction results over the years, the Greenhouse Gas Action Plan

for the agricultural sector was released in 2009. A panel of independent bodies and



45

national agencies contributed to its outline and implementation. The initial phase of the
GHG Action plan includes an update of the greenhouse gases inventories for the
agricultural sector and a review of the implementation strategies currently available in
order to mitigate emissions. A review has been published to monitor progress and
achievements (NFU, 2011). The breakdown of the sources and impact of the 3 main

greenhouse gases according to DEFRA (2012a) is summarised below:

Table 3.1 Sources and impact of greenhouse gas emissions from the agricultural sector

(source: DEFRA, 2012a).

Gaseous emission Source Impact
Carbon dioxide (CO;) | Energy used for fuel and heating Less than 10%
Methane (CHy) Ruminant digestion processes 32%

Production and use of manure and slurry

Nitrous oxide (N,0) Synthetic and organic fertilizers 61%
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3.2  Review criteria

It is important to understand the difference between mitigation and adaptation to climate
change. The Intergovernmental Panel on Climate Change stated that mitigation is “an
anthropogenic intervention to reduce the sources or enhance the sinks of greenhouse
gases” (IPCC, 2007a, 878); whilst adaptation is the “adjustment in natural or human
systems in response to actual or expected climatic stimuli or their effects, which moderates

harm or exploits beneficial opportunities” (IPCC, 2007a, p. 869).

For the purpose of this review, mitigation strategies related to agricultural activities were
considered, with a specific focus on livestock farming practices. Science-based evidence
on agricultural GHG emissions currently found in the literature covers a wide range of
mitigation options that support the development of targeted strategies for different
livestock farming systems in England. However, the measurements used are not
standardised. System boundaries for Life Cycle Assessment (LCA) models are also not
always uniformly defined. Therefore, it is difficult to compare results and assess which
findings better reflect the actual conditions on farms. Moreover, the most commonly used
free carbon calculators use science-based evidence but provide different estimates, relying
on proxy measures and estimates, and they need constant revision and improvement so as
not to risk missing key areas on GHG emissions (CLA, 2011; Smith, 2011). However, the
review focused on quantitative evidence only and sought to standardise findings by
reporting the most acknowledged mitigation strategies cited in scientific literature that are
under farmers’ control, illustrating their importance in terms of application at the farm

level. Estimates’ ranges vary accordingly to the evidence found in literature.
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3.3  Miitigation — Quantitative evidence

The two most important greenhouse gases originating from livestock farming practices are
methane and nitrous oxide. There is a substantial amount of literature addressing various
mitigation options to reduce these emissions. Literature reporting qualitative studies was
not included in this review. The reason for such choice stands in the fact that in order to
provide information that can be easily accepted by farmers as useful, recommendations
should be based on studies quantifying greenhouse gases mitigation. By focusing on the
practices that give clear estimates of the most probable outcomes in terms of emissions
reduction, farmers could then be presented with practical solutions that could be assessed
against the benefits in terms of cost, increased productivity and better waste management.
Literature providing quantitative measures of greenhouse gas mitigation was compared
with previous publications, in order to increase confidence in the references, and to detect
any recent innovations. Given the large amount of literature available, the following
paragraphs will only provide an overview of the current options available at the farm level
in order to mitigate methane and nitrous oxide emissions, including nitrate leaching

remarks where necessary. The key areas of intervention are summarised:
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Table 3.2 Summary of key areas of practical intervention based on mitigation.

Practices that influence

nitrogen losses

Practices that influence

carbon losses

Dietary management

Housing

Manure storage and
treatment

Grazing and pasture
management

Manure application
to soil

Crude Protein (CP) intake

Additional forage : concentrate

ratio

Deep litter
Slatted floors

Flushing floors

Straw addition
Cover, compaction

Separation solid / liquid
fraction

Rotations

Avoid compaction

Manure type, soil type,
temperature, soil moisture,
application methods

Low forage / high
concentrate

Frequency of removal of
manure

Aeration, composting
Slurry crust
Anaerobic digestion

Temperature (summer,
cooling)

Legumes on pasture
Grazing younger pasture

Avoid compaction

Manure type, soil type,
temperature, soil
moisture, application
methods
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Mitigation strategies to reduce methane emissions include dietary management and rumen
manipulation (Arriaga et al., 2010a; Arriaga et al., 2010b; Eckard et al., 2010), improved
housing management and increased efficiency of farming systems by adopting breeds with
improved productivity and feed conversion efficiency (Chadwick et al., 2011; Hamelin et
al., 2010; Lachance et al., 2005; Misselbrook et al., 2006; Philippe et al., 2006). Mitigation
strategies to reduce nitrous oxide emissions include not only dietary management, housing
management and improved productivity, but more importantly manure storage, treatment
and application to soil, and practices related to soil management and grazing and pasture
management (Chadwick et al., 2011). The following summarises the key literature on
practices related to dietary management (Table 3.3), livestock housing (Table 3.4), manure
storage and treatment (Table 3.5), grazing and pasture management (Table 3.6) and

manure application to field (Table 3.7).
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Table 3.3 Key literature on mitigation strategies related to dietary management.

Animal Practice Expected emission reduction Reference
CH, N,O NH; Other losses
ruminants Use legumes as forage | -15% CH, Hammond, K. J., personal
(white clover) communication. Cited by: Buddle et al.,
2010
ruminants Replace high fibre -12% CH, Benchaar et al., 2001
dried grains with -22% N,0O / kg of Luo etal., 2010
maize- or wheat-based milk produced
concentrate feed -8.9% total N Arriaga et al., 2010a
excreted
-36.5% NH; Avrriaga et al., 2010b
-30% total N Misselbrook et al., 2005b
-45% urinary N
-44% faecal N
ruminants Replace with maize-, -54% N Klevenhusen et al., 2010
wheat- or barley-based
concentrate feed
pigs Reduce crude protein -24.1% total N Philippe et al., 2006
excreted
pigs Grinding and pelleting -22-30% manure N Rotz, 2004
poultry
ruminants Combine legumes with | -15% CH, Hammond, K. J., personal
cereal grains communication. Cited by: Buddle et al.,
2010
ruminants Combine forage (non -13% CH, (g/day) Beauchemin et al., 2008
legumes) with oilseed
meals
ruminants Tannins -13-33% CH, -45-59% urine N Animut et al., 2008
+18-21% faecal N Patra and Saxena, 2010
Saponins (yucca, corn, | -2-28.3% CH, Patra and Saxena, 2010
potato starch, corn hay,
wild rye concentrate,
hay concentrate)
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(Continued)

Animal Practice Expected emission reduction Reference
CH, N,O NH; Other losses
ruminants Oils (fatty acids): (g/kg DMI) Beauchemin et al., 2008
sunflower oil -10% enteric CH,
canola oil -18% enteric CH,4
flaxseed -16% enteric CH,
ruminants whole cottonseed -2.9% CH, per 1% Granger et al., 2010
added fat
ruminants coconut oil, sunflower | -27% CH, Machmiuilller et al., 2006
seeds
rapeseeds
ruminants Fat supplementation -14% manure N Machmdilller et al., 2006
ruminants Salt* -5-10% urine N Eckard et al., 2010
ruminants Total Mixed Ration Balanced diet Basely and Hayton, 2007
(TMR)
Use a software to
formulate the ration
ruminants Closely check the Balanced diet Garnett, 2009

supplementation limits

Graux et al., 2011
Jacob et al., 2011
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Table 3.4 Key literature on mitigation strategies related to livestock housing.

Animal Practice Expected emission reduction Reference
CH, N,O NH; Other losses
ruminants Use slurry based Little to no N,O Jungbluth et al., 2001
systems with slatted emissions Thorman et al., 2003
floors or hard standing
areas
pigs Use slurry based Little to no N,O Jungbluth et al., 2001
systems or fully slatted emissions Thorman et al., 2003
floors Groenestein and van Fassen, 1996
CH, vary based on Costa and Guarino, 2009
production cycle Sommer et al., 2009
any Increase frequency of -40% CH, Haeussermann et al., 2006
complete manure -46% NH; Lachance et al., 2005
removal -23-80% NH; Hamelin et al., 2010
any Adopt straw-flow -50% CH, Philippe et al., 2007
systems
any Avoid mechanical Increase in N,O may Groenestein et al., 1993
mixing of deep litter vary
any Replace grid floor with Little to no N,O Ellis et al., 2001
hard standing area, or emissions Misselbrook et al., 2001
clean regularly
any Flush with water -15% NH; Misselbrook et al., 2006
Flush with water and -50% NH3

formalin
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(Continued)

Animal Practice Expected emission reduction Reference
CH, N,O NH; Other losses
poultry Adopt rotations system -18% N,O Hobson, 2007

Yarding with other
animals
(Grassland recovery)

Luo etal., 2010

Provide outdoor run

Emissions dispersed

Hobson, 2007
Jacob et al., 2011

Chicken coop with
bedding (sawdust,
straw, woodchips)

Ca. -23% N,O

Dekker et al., 2011
Hobson, 2007

Litter management

-23% N,O
(varies greatly)

-50-80% NH;

Webb et al., 2011
Aarnink et al., 2006

Use straw bedding or
straw and zeolite
bedding

-25% moisture of litter

Garcia et al., 2008

Plant trees nearby

Emissions trade-off

Baines, 2011

Install ventilation units:

heat recovery
ventilators,
destratification fans

NH; dispersed

Manning, 2011
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Table 3.5 Key literature on mitigation strategies related to the storage and treatment of solid and liquid manures.

Practice

Expected outcomes

CH,

N,O

NH,

Other losses

Reference

Use liquid fraction for anaerobic
digestion

Lower N,O

Increased NH;

Fangueiro et al., 2008
Berg et al., 2006
Misselbrook et al., 2005a

months

-75% CH, Turnbull and Kamthunzi, 2004
Liquid fraction aeration AD yield Kaparaju et al., 2008
+2-14.6% CH,
Addition of glycerol to liquid fraction | AD yield Wohlgemut, 2010
+200% CH,
Prevent encrustation Little to no N,O Berg et al., 2006
emissions van der Zaag et al., 2009
Leave natural crust -38% CH, -50% NH; Bicudo et al., 2003
Misselbrook et al., 2005a
Addition of water Abd El Kader et al., 2007
Addition of phosphogypsum -54% GHG Hao et al., 2005
Composition:
traces of N,O
14% CH,
Compacting Lower CH, in colder | -30% N,O -90% NH; Chadwick, 2005

-30-70% N,O

-30-70% NH;

Abd El Kader et al., 2007

Static composting solid fraction -60% NH; Brito et al., 2008
Szanto et al., 2007
Monthly turning -89.8% CH, Szanto et al., 2007
-46% N,O Brito et al., 2008
+66% NH; Shen et al., 2011

Addition of straw

-32% N,0

Yamulki, 2006
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(Continued)

Practice

Expected outcomes

CH,

N,O

NH;

Other losses

Reference

Use permeable cover,
i.e. straw

+200% N,O

-60-90% NH;

Thorman et al., 2007

Use impermeable cover,
i.e. tarpaulin, plastic

-60-90% NH;

Stenglein et al., 2011
Thorman et al., 2006
Funk et al., 2004a; 2004b

Ensure cover is airtight -54% CH, Hansen et al., 2006

Use ventilation hoses Stenglein et al., 2011
Rodhe et al., 2009

Use additives, i.e. lactic acid, -43% NH; van der Stelt et al., 2007

saccharose

Reduce pH -40% CH, Berg et al., 2006

Reduce T° (shades, pipes)

N.A. (lower CH,)

Little to no N,O
emissions

Sommer et al., 2007
Rodhe et al., 2009
Massé et al., 2008

van der Zaag et al., 2010

Dinuccio et al., 2008
Rodhe et al., 2009
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Table 3.6 Key literature on mitigation strategies related to grazing and pasture management.

pasture, e.g. Spring,
rather than Summer

5% GE lost in CH,
Summer grazing:
6-7% of GE lost in
CH,

Sector Practice Expected emission reduction Reference
CH, N,O NH; Other losses
livestock Avoid grazing in -7-11% N,O (IPCC) IPCC, 2006
colder, wetter months -40% N,O and NO3 de Klein et al., 2006
(Autumn, Winter)
Use of stand-off / feed -60% N,O Luo etal., 2010
pads in colder, wetter
months
Adopt rotational -22% CH, -10% N,O DeRamus et al., 2003
grazing management to Schils et al., 2006
reduce grazing time,
e.g.: move animals
every 1-2 days
(intensive grazing,
frequent rotations)
Reduce grazing density, -25% N,O Flechard et al., 2007
stocking rate -17% N,O Luoetal., 2010
N,O decreases Saggar et al., 2007
proportionally
(sheep)
-55% N,O and CH, Allard et al., 2007
Adopt Whole Farm -3.46% GHG Lovett et al., 2008
Management (WFM)
approach
pasture Graze on younger Spring grazing: Robertson and Waghorn, 2002

Legumes on pasture,
e.g. white clover

-15% CH,

Hammond, 2010
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(Continued)

Sector Practice Expected emission reduction Reference
CH, N,O NH; Other losses
soil Install drainage system -27% N,O Luo et al., 2010

Use strip grazing
system with daily
rotations (minimise
poaching)

Avoid grazing on
slopes (minimise runoff
and animal treading)

Menneer et al., 2005

Avoid compaction, in
particular of heavy
soils, i.e. clay, clay
loam.

Indicatively, compaction leads to:
+30-90% CH;, +20-200% N,O

Mosquera et al., 2007
Snyder et al., 2009

Apply nitrification
inhibitors
(experimental)

70% N,0

Di et al., 2007
Eckard et al., 2010
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Table 3.7 Key literature on mitigation strategies related to the application of manure to field.

moisture content, i.e. Water Filled Pore
Space (WFPS) %
Avoid autumn applications

WEFPS increases
from 60% to 70%

Practice Expected outcomes Reference

CH, N,O NH; Other losses
Application mixed with green waste -64% N,O Dalal et al., 2010
Set up manure analysis system -18% N,O Luo et al., 2010
Split applications -30% N,O Saggar et al., 2007
Avoid application to soil with high N,O x10 when Akiyama et al., 2004

Bateman and Baggs, 2005
Petersen et al., 2008
Snyder et al., 2009

Injection

+6.09% N,O

-20-75% NHj5 cattle

Incorporation

-60-80% NH; pigs

Spreading

-80-90% NH;
cattle/pigs
-26-57% NH;
cattle/pigs

Surface deposition

+1.69% N,O

Carew, 2010

Chadwick et al., 2011
Misselbrook et al., 2002
Rodhe et al., 2006

Shallow injection

N,O (% of N
applied):

0.4% cattle
(grassland)

0.9% cattle (maize)
3.6% pig (maize)

Surface application

N,O (% of N
applied):

0.1% cattle
(grassland)

0.4% cattle (maize)
0.9% pig (maize)

Velthof and Mosquera, 2011

Ensure regular maintenance of
machinery

Optimum fertiliser management

DEFRA, 2009
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3.3.1 Mitigation of methane emissions

3311 Livestock husbandry

Improving livestock productivity reduces feed and energy losses. Higher productivity can
be achieved by improving nutrition and by reducing the number of unproductive animals.
For example, improving pasture quality can lead up to a 50% reduction in enteric CH,
losses per unit of weight gain in lambs (Waghorn and Hegarty, 2011). Similarly, prolonged
lactations in dairy systems and reduced finishing times in beef cattle systems can reduce
emissions per animal, as cows calve less frequently and slaughter weight is reached at a

younger age (Smith et al., 2007).

Livestock housing management practices influence greatly both methane and nitrous oxide
emissions. Methane emissions vary based on production cycles i.e. emissions from
farrowing houses are usually lower than those from fattening houses because they are
cleaned on average every 27 days, instead of 90-100 days for the fattening houses (Costa
and Guarino, 2009; Sommer et al., 2009). However, the complete cleaning of slurry based
systems after each fattening cycle reduces CH, emissions by 40% according to
Haeussermann et al. (2006). In straw-flow systems, higher temperatures can be registered,
due to a better aeration of the litter. This can lead to higher methane losses. However,
adopting a daily scraping routine can reduce CH,4 emissions by up to 50% (Philippe et al.,
2007). Other mitigation strategies combine reduction of methane emissions and nitrous
oxide emissions as well. These will be summarised in the section addressing nitrous oxide

emissions (section 3.3.2).
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3.3.1.2 Dietary management manipulation

Providing a balanced diet has been proven to be related to an increase in productivity,
which is associated with lower GHG emissions when units of produce are considered i.e.
live weight gain, milk production, egg laying rates (Garnett, 2009; Graux et al., 2011;
Jacob et al., 2011). The adoption of the Total Mixed Ration (TMR) system or of a software
in order to formulate the ration is useful to improve nutrient management, to reduce excess
N in the diet and to balance energy requirements for groups of animals, especially

monogastrics, at different production stages (Basely and Hayton, 2007).

The biological control of ruminal fermentations is essential to mitigate emissions by
modifying the equilibrium of the production of Volatile Fatty Acids (VFA) in the rumen.
The Acetate : Propionate : Butyrate ratio can be influenced by the fibre content in the diet.
Notably, higher fibre content leads to higher acetate production and therefore higher
methane emissions. The combination of addition of grain to forage based diet and the use
of forages with lower fibre content increases starch and reduces fibre intake. This reduces
the rumen pH and favours the production of propionate rather than acetate in the rumen,

therefore reducing methane losses.

Legumes have high water soluble carbohydrates content, low fibre content and a low total
carbohydrate : protein ratio, compared to normal grasses. They are more nutritious than
grasses; they have high digestibility and increase Dry Matter Intake (DMI), reducing CH,4
emissions. According to Hammond et al. (2009), plant breeding seems to influence just
about 19% of the methane emission rate, feeding legume forages such as white clover
reduces CH, emissions by 15% compared to animals fed with perennial ryegrass

(Hammond, K. J., personal communication. Cited by: Buddle et al., 2011). In pasture-fed
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systems, grazing on younger pastures, in particular with legumes mixes and grasses with
lower fibre content, reduces the passage rate and consequently the production of CH,4
(Robertson and Waghorn, 2002). Legumes influence methane yield as well as nitrogen
losses. Legumes have a high crude protein (CP) content, while cereal grains have a lower
CP compared to other types of concentrate feed (e.g. oilseed meals). Combining legumes
and cereal grains to keep the ration CP below 16% DMI prevents feeding excess nitrogen,
which would be otherwise excreted in the urine, increasing ammonia (NH3) losses, as well

as in the manure, increasing nitrous oxide (N20O) losses.

The use of concentrates in the ration has proven to be effective in reducing methane
emissions i.e. Forage : Concentrate ratio of 1:1. Replacing high fibre dried grains with
maize- or wheat-based concentrate feed reduces CH, emissions by 12% according to
Benchaar et al. (2001). In fact, feeding rations with low fibre and high energy contents
influence enteric fermentations, but if pushed too far the economic benefits of rumination
would be lost. Concentrates reduce ruminal pH and consequently reduce CH4 emissions.
High fibre dried grains i.e. barley have more fibre compared to maize and wheat; hence
their potential to reduce ruminal pH and CH,4 emissions is lower, but they cost less.

Dietary supplements can also be used to influence the ruminal pH and the activity of the
rumen methanogenic population. Oils, fatty acids and various seeds directly inhibit some
rumen methanogens. Sunflower oil reduces enteric CH4 by 10% g/kg DMI, canola oil by
18% and flaxseed by 16% (Beauchemin et al., 2008). Granger et al. (2010) observed a
reduction of methane losses by 2.9% per 1% of added fat in ruminants. Coconut oil,
sunflower seeds and rapeseeds reduce methane losses by up to 27% (Machmdlller et al.,

2006).
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Plant secondary compounds such as tannins and saponins influence the acetate-propionate
balance, reducing methanogenesis, ruminal pH and hydrogen (H") availability for ruminal
bacteria and protozoa, increasing the overall efficiency of low forage / high concentrate
diets. Tannins reduce methane losses by 13-33% according to Animut et al. (2008), while
toxic effect of saponins found in yucca, corn, potato starch, corn hay, wild rye concentrate
and hay concentrate have on methanogens can reduce enteric methane production by 2-
28.3% enteric CH,4 (Patra and Saxena, 2010).

At a lower pH, hydrogen (H) is less available to produce CH4 (Hegarty et al., 1999;
Joblin, 1999). Certain ionophores, such as the antibiotic monensin, produced by
Streptomyces cinnamonensis, reduce the acetate-propionate ratio by inhibiting the activity
of ruminal protozoa, therefore reducing CH,4 production by up to 9-10% (Castro-Montoya
et al., 2012; McGinn et al., 2004; van Vugt et al., 2005; Waghorn et al., 2008; Weimer et
al., 2011). Guan et al. (2006) estimated the reduction at up to 30% and Eckard et al. (2010)
suggested a dose-dependency interaction. Moreover, studies in the past have shown that
ionophores have a transient effect of approximately 2 weeks (Wang at al., 1998) and the
use of ionophores is tightly regulated within the European Union (Lovett et al., 2006), not
making it an attractive option for GHG mitigation. There may, however, be some benefits

in rotating rations containing ionophores to prevent methanogen adaption.

3.3.2 Mitigation of nitrous oxide emissions

3.3.21 Livestock husbandry

In the study of gaseous nitrogen losses from livestock housing, it is important to remember
that even though ammonia is not a greenhouse gas, its concentration influences the
environmental performance of farms and the issues related to pollution. Following

naturally occurring nitrification and denitrification reactions, ammonia leads to the
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emission of N,O. In pig housing, the use of fully slatted floors reduces ammonia (NH3)
losses by 46% (Lachance et al., 2005) and the use of various types of concretes can reduce
NH; losses by 23 to 80% (Hamelin et al., 2010). Regularly flushing hard standing areas
with water and water with the addition of formalin also decreases NH3; emissions by 15%
and 50% respectively (Misselbrook et al., 2006). These results are related to the fact that
such systems are easier to clean; therefore they provide less substrate for the reactions that
transform ammonia and nitrates in nitrous oxide and they support results from studies on
slurry based systems with slatted floors or hard standing areas in ruminant and pig
housing, where the N,O emissions registered from livestock housing were close to zero

(Ellis et al., 2001; Jungbluth et al., 2001; Misselbrook et al., 2001; Thorman et al., 2003).

3.3.2.2 Dietary management

Grinding and pelleting feed, especially in pigs and poultry, increases feed digestibility,
therefore it maximizes feed conversion efficiency and reduces N excretion in manure by
22-30% (Rotz, 2004).

Plant chemical composition also influences nitrogen losses. Tannins increase the efficiency
of amino-acids digestion, reducing urine N excretion by 45-59% and increasing faecal N
excretion by 18-21%. However, the overall N,O emissions can be reduced by 5-10%, even
though the degradation of urine on soil is faster than that of faeces (Patra and Saxena,
2010). In ruminants, fat supplementation influences not only methane emissions but also
reduces by 14% NHs; emissions from fresh manures (Machmulller et al., 2006), even

though this is not a GHG, it is important from a plant fertility and pollution perspective.

The use of concentrates can effectively mitigate nitrogen losses, as concentrates reduce
ruminal pH and influence ruminal activity. Maize and wheat-based concentrate feeds

register a reduction by 54% of N excretion from slurry, compared to slurry from barley
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diet (Klevenhusen et al., 2010). In lactating cows, Luo et al. (2010) observed a reduction
by 22% of N,O / kg of milk produced. They attributed the result to the lower protein
content found in maize-based concentrate feed, which reduces the risk of feeding excess N
in the ratio, especially to animals on pasture. The total N excreted can be reduced by 8.9%
and ammonia losses can be reduced by 36.5% (Arriaga et al., 2010a; Arriaga et al., 2010b).
Misselbrook et al. (2005b) analysed N losses in dairy cows with a CP reduced from 19.4 to
13.6% of DMI. They observed a reduction of total N losses by 30% and reductions of

urinary N and faecal N by up to 45% and 44% respectively.

Lowering the protein intake of cattle can be used to reduce nitrogen losses. However, in
order to maintain an appropriate intake of at least 14% DMI, oilseed meals can be used to
balance the total CP intake in case legumes are not used in the ration as forage
(Beauchemin et al., 2008).

Balancing the protein intake and energy intake ratio is particularly important in pig
nutrition. For example, a reduction of CP intake can reduce the total N excreted by 24.1%
when CP in fattening pigs is reduced from 17.64% to 14.37% (Philippe et al., 2006). In
ruminants, increasing the salt intake leads to an increase in water intake from the animal,
with consequent dilution of urine. Although an absolute reduction in N excretion isn’t
observed, the concentration of nitrogen in urine can be reduced by up to of 5-10% (Eckard

et al., 2010).

3.3.2.3 Manure storage and treatment

A significant amount of literature addresses various issues related to the storage and
treatment of manure and slurries. It is generally advised to adopt dry manure systems
(Karakut et al., 2012) and separate the solid and liquid fractions for better storage

management. A series of practices help reduce emissions from both fractions and the
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following summarises the most effective ones in the treatment of solid manure and liquid
fractions from ruminant and monogastric livestock systems. Treatments of the solid
fraction include composting, compacting, mixing with straw, the control of pH and

temperature of the compost pile and the use of a series of additives.

Composting can be static or involve monthly turning of the compost pile. There are
significant differences between the two treatments. Static composting of the solid fraction,
without turning or a cover, increases its dry matter (DM) content, consequently reducing
NH; losses by 60% NH; (Brito et al., 2008; Szanto et al., 2007). On the other hand, the
monthly turning of the compost bed increases aeration, influencing the porosity and the
structure of the compost pile. It also helps maintain a more homogeneous temperature.
Gaseous emissions due to anaerobic processes are reduced, with reduction of nitrous oxide
and methane emissions by 46% and 89.8% respectively; however, nitrate leaching can

increase by up to 66% (Brito et al., 2008; Shen et al., 2011; Szanto et al., 2007).

It is important to remember that gaseous losses from manure can only be effective by
controlling the temperature of the compost pile and the balance between aerobic and
anaerobic conditions. Compacting can reduce NH3 by up to 90% and to a certain extent
N,O (up to 30% reduction); CH, emissions are reduced in colder months, but may
significantly increase in warmer months (Chadwick, 2005). The addition of water can
reduce the free air space by 20-60%. These conditions do not favour the reactions that
produce nitrous oxide, resulting in a reduction of N,O emissions by 30-70% (Abd El
Kader et al., 2007). Mixing solid manure with straw on a 1 : 1 ratio can increase the Dry
Matter content of the compost pile, influencing the Carbon : Nitrogen ratio and therefore

reducing N,O emissions by up to 32% (Yamulki, 2006).
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Covers can be used to reduce ammonia volatilisation, nitrous oxide and methane
emissions. The work of Thorman et al. (2007) summarises results indicating that
permeable covers (i.e. straw) have a dual effect on nitrogen losses. The addition of straw
effectively reduces NHj3 losses from FYM heaps by 60 to 90%; however, N,O losses more
than double. In the case of straw-based storage systems, it is advised to apply FYM
directly to field and reduce the storage period to a minimum, as storage accounts for ca.

85% of N,O emissions.

Impermeable covers provide the anaerobic conditions necessary to prevent NH3 losses.
The mitigation effect varies from 60 to 90% reduction in NH3 volatilisation. Impermeable
covers such as tarpaulin or plastic are more expensive than other types of covers, but they
have several advantages: they are durable and can be used to effectively capture methane
produced by the manure storage units (e.g. heap, lagoons) to take it to combustion plants
such as anaerobic digesters (Funk et al., 2004a; Funk et al., 2004b; Stenglein et al., 2011;

Thorman et al., 2006).

Airtight covers do not provide favourable conditions for the facultative aerobic
microorganisms responsible for the production of some CH,. Methane emissions can be
reduced by up to 54%. However, when impermeable covers are used, it is necessary to
make sure the cover is airtight to avoid gas leaks. Ideally, pipes or hoses should be used to
redirect emissions to ventilation units. During storage of liquid manure, peaks of emissions
can be registered when the pit is covered by a thick crust and cracks occur under pressure
from gases underneath the surface (Hansen et al., 2006; Rodhe et al., 2009; Stenglein et al.,

2011).
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Emissions can be mitigated by ensuring optimum pH and temperature of the manure heap.
Methane emissions are significantly reduced when slurry is uncovered and has a pH below
4.5-5. The reduction can be of up to 40% but the effect of acidification of slurry can vary:
pH < 6.0 reduces CH,4 and N,O; pH < 5.0 reduces ammonia losses as well (Berg et al.,
2006). Temperature of storage can be reduced using shades or piping systems. Very little
N2O emissions are registered at temperatures in the range of 5-25°C e.g. when a surface
crust if formed. However, higher NH3 losses are registered at 25°C (Dinuccio et al., 2008;
Rodhe et al., 2009). CH, emissions from slurry stored below 15- 20°C are lower than at
24°C. For instance, CH4 emissions during the summer are about 20% higher than the
annual average. This could be explained by the fact that in a cold month, a surface crust
can form and prevent the release of CH,4 and other gases (Massé et al., 2008; Rodhe et al.,
2009; Sommer et al., 2007; van der Zaag et al., 2010). Moreover, the use of additives such
as lactic acid, saccharose combined with temperatures of 4°C reduces NHj3 volatilisation
by 43% according to van der Stelt et al. (2007). The addition of phosphogypsum reduces
the total greenhouse gas losses by 54%; emissions register a composition of 14% methane
and little to no N,O. Phosphogypsum is a by-product of the fertiliser industry. It influences
the pH of the compost pile and its sulphur content. The majority of gaseous losses are as in
the form of carbon dioxide emissions, which have a lower Global Warming Potential
compared to methane and nitrous oxide. One of the advantages of such treatment is that
the end product of the composting phase has potentially higher value as fertiliser
depending on its use, registering unchanged nitrogen content when compared to untreated

compost piles, but higher sulphur content (Hao et al., 2005).

The separation of the liquid fraction from the solid fraction has numerous advantages in

terms of management of storing conditions. Storing fractions separately allows a better
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control over factors influencing emissions: temperature, water content, aeration, cover. In
addition, separation may increase slurry storage capacity and fractions may have a higher
nutrient content. This is an advantage if slurry is used as fertiliser. However, slurry
separation can only effectively reduce ammonia and methane emissions, in particular from
the solid fraction, when combined with lower temperatures and solid cover solutions.
Dinuccio et al. (2008; 2011) and Fangueiro et al. (2008) have reported limited benefits in
terms of emission mitigation when the two fractions remain untreated. Storage of liquid
fraction in anaerobic conditions does not promote nitrification of ammonia (NH3) to
nitrates (NO3") and therefore, denitrification reactions that produce nitrous oxide (N,O) are

also reduced to a minimum (Fangueiro et al., 2008).

After separation, the liquid fraction can be stored or used in anaerobic digesters and the
solid fraction can be composted. Factors such as crust, cover, temperature and aeration
modify emissions greatly. The effect of encrustation of the surface of slurry or its cover is
twofold: it increases N,O emissions but lowers NH3 emissions. To effectively reduce N,O
emissions, a cover and additives can be used. Storage of liquid fraction in anaerobic
conditions does not promote nitrification (NH3; to NO3’) and, therefore, denitrification rates
are also reduced to a minimum. Nitrous oxide emissions are only registered in slurry with
a dry encrusted surface, in particular when containing straw. This is caused by the lack of
oxygen and by the higher temperatures and pH developing during storage (Berg et al.,
2006; van der Zaag et al., 2009). Natural crusts prevent the proliferation of aerobic
microorganisms that produce methane. Methane emissions can be reduced by 34% and
nitrate leaching can also be halved. However, the effectiveness of a natural crust can vary

greatly depending on its thickness, which influences N losses and durability. Therefore it is
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generally not advised to let a natural crust form (Bicudo et al., 2003; Misselbrook et al.,

2005a).

The use of anaerobic digesters to treat the liquid fraction has a positive impact on methane
emissions from manure, significantly lowering their impact on the farm emissions balance
by up to 75% (Turnbull and Kamthunzi, 2004). In the case of the liquid fraction being used
in anaerobic digesters, aeration is advised before the slurry is used in a digestate. Aeration
usually involves mixing, without the formation of a crust. This practice creates aerobic
conditions, having multiple effects on emissions: (i) increased CH, yields from digestate
by 2-14.6%; (ii) increased NHjz emissions, which are usually reduced in anaerobic
conditions; (iii) lower N,O emissions (Berg et al., 2006; Fangueiro et al., 2008;
Misselbrook et al., 2005a). These effects are due to intermittent mixing, which increases
biogas production yields by maintaining an optimum level of aeration and particles
distribution. Crust layers are less likely to consolidate and the overall yield of the biogas
plant increases, at virtually very little or no cost (Kaparaju et al., 2008). Methane yield
from the digestate can double by adding 1% of glycerol (Wohlgemut, 2010), where the
process remains stable, the quality of the end products does not vary and the yield is

significantly increased, offsetting other sources of emissions at the farm level.

3324 Soil and pasture management

Grazing animals, particularly those on legume pastures, have a higher rate of ruminal
ammonia (NHs) excreted as urea in the urine (Arelovich et al., 2003). Ruminal ammonia is
the result of digestive processes involving non-protein nitrogen. The nitrogen contained in
urine applied to soils during grazing is converted into nitrates (NO3) by nitrification,
which can subsequently produce nitrous oxide (N,O) by denitrification reactions, hence

the relation between urine from grazing ruminants and N,O emissions. Furthermore, as
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nitrous oxide emissions are higher in wet conditions, they can be reduced by 7-11%
according to the IPCC (2006) and by up to 40% (de Klein at al., 2006) by avoiding grazing
in colder and wetter months.

A series of practices can improve soil management and reduce N,O emissions. Grazing
systems should aim at minimizing poaching by using strip and paddock grazing systems
where animals are moved to a new pasture every day; and minimize runoff and animal
treading i.e. avoid grazing on slopes (Menneer et al., 2005). Soil compaction reduces
aeration, negatively affecting water content, drainage, plant growth and soil composition.
Indicatively, compaction can lead to an increase of methane emissions up to 30-90% and
nitrous oxide emissions by up to 20-200% depending on the type of soil, and should
therefore be avoided, in particular on heavy soils i.e. clay, clay loam, as it has greater
negative impact than on lighter soils i.e. sandy loam, loam (Mosquera et al., 2007; Snyder
et al., 2009). Waterlogged soils present lower soil aeration, which promotes denitrification
of nitrates, therefore increasing N,O emissions. By ensuring appropriate soil drainage,
nitrous oxide emissions can be reduced by up to 27% (Luo et al., 2010). The use of stand-
off or feed pads in colder, wetter months restricts grazing and reduces the amount the
effluent deposited on the soil. Removal of manure from the areas surrounding the feed

pads can reduce nitrous oxide emissions by up to 60% according to Luo et al. (2010).

The adoption of rotational grazing influences both grazing time and grazing density. In
particular, moving animals every 1-2 days can have a great impact on both methane and
nitrous oxide emissions. Reducing grazing time has multiple advantages: it increases the
chances that animals graze on younger pasture, which has lower fibre content, therefore
reducing CH,4 emissions by up to 22%; and when combined with reduced fertilizer use, it

decreases the N-availability on pasture, therefore reducing by up to 10% nitrous oxide
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emissions (DeRamus et al., 2003; Schils et al., 2006). Reducing grazing density will avoid
overgrazing and soil compaction. This will lead to lower nitrous oxide emissions,
especially on heavy soils. Nitrous oxide emissions can be reduced by 25% according to
Flechard et al. (2007); however, the reduction is proportional to the livestock production
stage and the overall reduction of methane and nitrous oxide emissions can reach up to
55% (Allard et al., 2007; Saggar et al., 2007).

Ensuring the correct rate and timing of fertiliser application reduces the risk of applying
excess nitrogen and therefore reduces nitrous oxide emissions from soils. The application
of nitrification-inhibitor-coated fertilisers can reduce nitrous oxide emissions by up to 70-
80%. This experimental strategy has been tested on different soil types and managements
and it has been observed that the use of a fine-particle suspension nitrification inhibitor
(i.e. dicyandiamide, DCD) reduces the rate of ammonium (NH4") converted into nitrate
(NO3"), which then is converted into nitrous oxide (N,O) by denitrification. Therefore the
use of DCD reduces nitrate leaching and gaseous losses as N,O (Di et al., 2007; Eckard et
al., 2010). However, this strategy is still not economically viable for farmers, as it is an
experimental product and its effectiveness varies greatly depending on weather and soil

conditions (Monaghan et al., 2009).

3.4  Next steps

This review highlighted the key areas for intervention in order to mitigate methane and
nitrous oxide losses at the farm level. Practices taken into account can be divided in 5
areas: dietary management, livestock housing, manure storage and treatment, grazing and
pasture management and manure application to soil. Only literature providing quantifying
measures of emissions reduction in relation to practices that are under farmers’ control was

considered. This approach ensured that farmers could see a direct link between the good
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agricultural practices and the potential for GHG mitigation in various livestock systems. In
spite of the uncertainty regarding the effectiveness of certain practices, the review showed
that a great number of options are available to the farmer. In particular, it showed that
some practices have multiple benefits, reducing methane and nitrous oxide losses, as well
as limiting waste management or improving animal productivity. However, results from
other practices need further assessment, especially in relation to their cost-effectiveness

and compliance with GAPs, GAECs and Environmental Stewardship Schemes.

Therefore, this review of literature quantifying GHG emission mitigation from livestock
farming systems showed that there is sufficient scientific knowledge of the topic to achieve
successful on-farm mitigation. It is now necessary to analyse the possible barriers to
farmer engagement, notably considering farmers’ perceptions of the issue of GHG
emissions and on-farm mitigation. What is the best way to engage with farmers to drive
change and promote on-farm innovation? Researchers need to acknowledge the
effectiveness of knowledge transfer techniques, the importance of social capital and how
networks of influence within the agricultural sector can represent a strength rather than a
barrier to change.

The following chapter illustrates the fundamental theories behind successful farmer
engagement, as a foundation for a framework that creates opportunities for effective

communication and partnership with the livestock farming sector.
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4 Farmer engagement

Successful farmer engagement can play an important role in providing constructive advice
to farmers and promoting on-farm innovation on the one hand, while providing valuable
information to future policy-makers on the other hand. As illustrated in section 2, farmers
can be exposed to multiple pressures linked to production processes, the influence of agri-
environmental policies, market forces and the need to ensure the sustainable use of
environmental resources. Therefore, the issue of GHG emission mitigation may not be a
priority for farmers, as from their point of view the benefits from the adoption of
mitigation strategies may not be clearly defined. This chapter addresses the challenges
facing farmer engagement, farmers’ drivers for innovation and the opportunities to
overcome current barriers to the adoption of innovative agricultural practices, such as in

this case practices promoting GHG emission mitigation.

4.1  Introduction

In order to reduce emissions at the farm level, it is essential to consider farm practices that
are directly under farmers’ control. However, it is also important to consider the current
challenges that farmers are facing and how farmers’ attitudes to climate change are
affecting their decisions. This is particularly vital in order to better understand the
dynamics within the farming sector, where decisions may not be taken solely on financial
grounds. The previous chapter explored the issues related to greenhouse gas (GHG)
emission mitigation. In spite of uncertainty regarding mitigation strategies and the
disconnection between farmers, researchers and policy makers, successful farmer
engagement can be achieved by adopting the principles of Participatory Action Research

(PAR) to complement the current knowledge of farmer drivers for innovation.
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4.2  Practical challenges

4.2.1 Greenhouse gas emission mitigation

Farmers face a number of challenges in considering how to reduce greenhouse gas (GHG)
emissions. These include knowledge of mitigation, the level of support and advice
available and the attitudes of farmers per se. In spite of the residual uncertainty
surrounding the validity of results from carbon calculators available from the agricultural
sector, a substantial scientific literature provides useful options for farmers who want to
reduce their carbon footprint by mitigating methane and nitrous oxide losses. These were

addressed in chapter 3, and include:-

- Increased concentrates and use of legumes as forage;

- Reduction of the Crude Protein content in the ration of ruminant and especially
monogastric livestock;

- Improved feed conversion efficiency;

- Frequency of manure removal from housing units, type of litter, type of floor and
regular flushing and cleaning on livestock housing;

- Treatment of solid and liquid manures e.g. low temperatures, aeration, composting,
straw addition, the use of covers;

- Anaerobic digestion can be used to benefit from methane emissions as a source of
energy;

- Use of legumes on pasture, shorter rotational grazing patterns and attention to soil
management (i.e. avoiding waterlogging and compaction);

- Timing of manure application to soils, type of application, application rate.
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However, it is important to consider farmers’ attitudes and perceptions of mitigation
strategies. In order to do so, the study needs to address GHG emission mitigation from a
perspective which includes social dynamics and interactions between farmers and

researchers as change agents.

4.2.2 Influences on decision making

Farmers’ perceptions of GHG mitigation strategies are a key element to understand the
potential for adoption of new policies to incentivise emission reduction. Farmers tend to be
more concerned about the practicality of some changes, in particular the ones involving
capital investment or an increase in labour, while some mitigation options can be difficult
to implement due to the size of the farm and/or its adoption of Environmental Stewardship
schemes. In fact, a recent survey of experts and farmers on GHG mitigation strategies
evaluated a series of mitigation options in terms of effectiveness according to experts and
in terms of practicality according to farmers (Jones et al., 2013). The results showed that
only 6 out of 26 strategies were considered both effective and practical, indicating that the
adoption of mitigation strategies may vary significantly based on advice and support given
to farmers and that “‘flexible policies are needed to enable farmers to select the mitigation
measures that are most suited to their own situation” (Jones et al., 2013, p.9). Government
policies have multiple influences on farmers’ attitudes and decision making. Policies that
incentivise conservation actions and help accessing financial support are considered
beneficial to improve farm practices (Deressa et al., 2009). On the contrary, the lack of
information and the lack of social capital have a negative effect on farmers’ scepticism
around issues related to climate change. Activities that promote social capital are farmer-
to-farmer knowledge sharing and government extension or advisory system (Islam et al.,

2013).
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Networks of influence play an important role in promoting innovation among farmers.
They foster farmer-to-farmer knowledge sharing and complement scientific research
carried out by academia, independent research institutions or government agencies. In this
respect, it is important to understand the value of farmers’ knowledge and experience, and
their contribution to the successful application of scientific research in order to promote
effective communication and capacity building (Virji et al., 2012). There is a historical
difference between scientific knowledge and local knowledge. The latter is based on
practical experience and anecdotal knowledge, therefore it is usually not considered to
have a real value in formal scientific research. However, in the agricultural sector, social
interactions, networks and behaviours are influenced by individuals’ knowledge and
experiences, and the gap in communication between researchers and farmers can affect the
successful implementation of innovating strategies (Castellanos et al., 2013). Researchers
are seen as distant entities that focus on one particular aspect that interests them, without
considering other factors that might affect farmers’ perceptions and attitudes to climate
change. Therefore, farmers generally tend to rely more on peers’ experiences and
knowledge, rather than on advice given by scientists. Indeed, influential individuals within
farmers’ groups may have a much greater impact than scientific advisors. This suggests
that successful farmer-driven innovation can be achieved through activities that generate
knowledge and network interactions, such as farmer groups (McKenzie, 2011). While
being willing to pay for independent advice when needed, farmers also appreciate
flexibility in recommendations regarding their farming systems. This approach is essential
to gain credibility and trust from farmers and it will help researchers focus on practical
problems, rather than proposing solutions based on theoretical models. Fostering the

generation, sharing and transfer of knowledge and the interactions between farmers



78

networks and groups of interest is the way forward in order to engage with farmers on

innovation and more generally, on agri-businesses sustainability (Raymond et al., 2010).

4.2.3 Agricultural extension services

Farmers’ attitudes and perceptions of climate change are greatly influenced by the contact
with other farmers and individuals within farmers’ networks of influence. External
influences are represented by a range of actions from the media and extension officers to
pressure groups and consumers per se. However, one of the greatest challenges is that over
the past 30 years government funding for extension and advisory work in the UK as well
as in other European countries has been gradually reduced (Swanson and Rajalahti, 2010).
Extension services now vary in efficiency and impact, relying mostly on privatised, and
therefore fragmented, action (Oreszczyn et al., 2010). The issues related to agricultural
research in the UK were already highlighted more than a decade ago by Buhler (2002),
who illustrated how the government’s interest, and therefore funding, moved away from
research including farmers’ participation to embrace a model based on private funding and
therefore limiting the government agricultural extension services in the UK. In fact,
drawing from experiences in the developing world, Islam et al. (2013) suggest that
farmers’ reluctance to embrace change or adopt on-farm innovation could be dealt with by
using a long-term, broader approach to extension that includes formal and non-formal
education, rather than relying solely on narrower approaches based on purely technical
advice that doesn’t take into consideration social implications of change. In spite of the
need for substantial government investment, this strategy presents multiple advantages as
it generates knowledge transfer activities, promoting advances and innovation in the
agricultural sector, ensuring transparency and knowledge sharing. Farmers appreciate

being presented with possible innovative solutions not only from a technical or
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environmental point of view, but also from an economic point of view that considers cost-
effectiveness of each strategy, to allow them to choose the best option for their system
(Islam et al., 2013; McKenzie, 2011). A broader approach to extension also fosters two-
way communication between farmers and researchers. These links enable researchers and
policy makers to reach a better understanding of the underlying factors that influence
farmers’ decision making (Kings and llbery, 2010). Therefore, it helps building both social
capital and it promotes successful communication between farmers, researchers and policy
makers by addressing practical problems without neglecting environmental and socio-
economic implications. Promoting farmers, researchers and government agency has
obvious benefits in terms of policy making, facilitating the implementation of future
policies addressing natural resource management and Good Agricultural Practices (GAP)

(Islam et al., 2013; Rockmann et al., 2012).

Finally, effective innovation is highly dependent on successful communication between all
parties involved: farmers, researchers and policy makers. Innovation needs to overcome
the barriers created by on the one hand scepticism over climate change and how the UK
government is addressing the issue in the agricultural sector, and on the other hand the

dichotomy in goals and objectives between farmers and researchers.

4.3  Theoretical background

4.3.1 Social capital
Section 4.2.1 has shown that social relationships have a great influence on the way
farmers, researchers and government interact. In particular, these interactions play a key

role in farmers’ attitudes and perceptions to issues related with climate change and,
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therefore, in the adoption of on-farm innovation. These findings suggest that approaches
that promote social capital building activities are likely to have positive outcomes in terms
of farmer engagement and adoption of innovation. But what is exactly social capital and

how do the concepts behind social capital theory apply to the agricultural sector?

The definition of social capital most widely acknowledged nowadays is the one reported
by the World Bank: “Social capital is defined as the norms and social relations embedded
in the social structures of societies that enable people to co-ordinate action to achieve
desired goals” (Narayan, 1999, p.6). This broad definition has been widely accepted by
the Organisation for Economic Co-operation and Development (OECD) (Keely, 2007) and
in the United Kingdom by the Office for National Statistics (ONS, no date). Both accept

the description that identifies three main types of social capital:

- Bonding Social Capital: It is represented by the links between people that share
common values and a common identity. These bonds create strong connections

between individuals with homogeneous characteristics.

- Bridging Social Capital: This type of social capital is represented by the links and
networks between individuals and groups external to the closest circle of
relationships. It can include business relationships and more heterogeneous links to
individuals and groups that can share interests but do not necessarily share a

common identity.
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- Linking Social Capital: It is represented by the network of relationships with
individual or groups in a different position of power within the social hierarchy; for

instance, government agencies, national institutions.

As in other sectors of society, the benefits of enhancing social capital are multiple in the
agricultural sector. Trust and the acknowledgement of the value of individual and
collective knowledge can be considered as essential components of social capital (Burton
and Paragahawewa, 2011). The authors suggest that the relationships between farmers,
policy makers and intermediaries can benefit from a higher level of trust; therefore,
farmers can be more likely to embrace change and innovation. It can then de argued that
trust can play a key role in influencing farmers’ attitudes to on-farm innovation, in
particular in the case of advice given to promote less tangible benefits such as ecosystem
services and environmental conservation (i.e. agri-environmental schemes), as well as the
assessment of the economic impact of agri-businesses. Furthermore, a strong social capital
may also result in less effort needed from policy makers in promoting environmental
schemes, as farmers will be more inclined to join on their own accord (Burton and
Paragahawewa, 2011). A cohesive social capital is more likely to result in improving the
effectiveness of common-pool resource management; in fact, people will take on the
monitoring and enforcement of environmental regulations, actually converting regulatory

acts in social acts (Ostrom, 2000).

However, in spite of the recognised importance of social capital to improve relationships at
various levels between individuals and groups, leading to increased farmer participation,
there are few studies on the influence of trust and its impact on issues related to agriculture

and environmental conservation (Mariola, 2012). However, Hall and Pretty (2008) found
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that social capital, and in particular linking social capital, have a great influence on
farmers’ attitudes and consequently on farm management. Moreover, a recent study
undertaken in the South West region, on the relationship between farmers and government
advisors on bovine tuberculosis, highlighted the importance of social capital within the
sector and suggested that lack of linking social capital, represented by consistent contact
with extension officers or government advisors, has multiple negative impacts: lower level
of trust in government officials and more generally, in government actions, lower level of

credibility of the information and advice given to farmers (Fisher, 2013).

Finally, fostering social capital and building relationships based on trust have the potential
to promote effective two-way communication between the various actors involved:
researchers, farmers and government agents. Therefore, by acknowledging the importance
of social capital, researchers need to adopt methodologies that ensure effective knowledge
transfer to farmers, while at the same time build a strong linking social capital that will
promote farmer participation and improve their attitudes to change and on-farm

innovation.

4.3.2 Participatory Action Research (PAR)

The societal divide between researchers and farming communities is affected by a tangible
difference in the goals and in the means and language used to communicate their
knowledge. In the case of greenhouse gas (GHG) emission mitigation, translational
research can achieve good results in term of farmer engagement and innovation adoption,
provided it is oriented toward practical problem-solving activities and listens to farmers’
opinions. Therefore, the difficulties in communication can be overcome by adopting a

pragmatic approach to research. PAR represents one of the most effective strategies. It is
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described as “a reflective process of progressive problem-solving led by individuals
working with others to improve the way they address issues and solve problems” (German
etal., 2012, p.16), where different actors engage at various levels, building social capital in
order to find collective solutions (Pretty and Buck, 2002). This approach is in stark
contrast with the one used in conventional research. The main differences between PAR,
action research (AR) and conventional research are summarised (Table 4.1). It is important
to analyse these methodologies in the context of agricultural research. Participatory Rural
Appraisal (PRA), a methodology within PAR, is often used to provide farmers with tools
to obtain information on their environment. This approach has limited advantages,
addressing the problems from the primarily technical point of view of the researcher.
Conversely, PAR aims at listening to and empowering farmers in promoting innovation. It
then monitors change, reflects on achievements and failures, and proposes new actions to
drive change (German et al., 2012). Moreover, although PAR and AR can sometimes seem
to overlap, given the lack of a context-independent definition of what is “action” and what
1s “research”, PAR has been successfully adopted in a number of studies to promote rural
development, and it is argued that this is due to stakeholder engagement (Mapfumo et al.,
2013; Oliver et al., 2012; Phillipson et al., 2012; Shortall, 2008). By translating current
scientific knowledge and by promoting farmer-to-farmer knowledge sharing, it is argued
that PAR provides support to farming communities and has a greater influence on farmers’

attitudes to scientific and technological innovation.

According to a recent study on the benefits and issues related to PAR in the agricultural
sector in the European Union, one of the key characteristics of successful two-way
communication between the parties involved is transparency and respectful listening

(Réckmann et al., 2012). The main advantage in this approach is that collaboration
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between scientists and stakeholders will help understand how best to deal with
uncertainties, in particular regarding the effects of mitigation strategies on farm incomes,
profitability and environmental impact. Therefore, scientists should focus on practical

problems, rather than theoretical modelling alone, according to Le Gal et al. (2011).



Table 4.1 Characteristics of different learning approaches (adapted from German and

Stroud, 2007).

Characteristics

Participatory
Action
Research

Action Research

Conventional
(Empirical) Research

Solve localized

Derive lessons for the
global community on

Characterize past and
current situations and

1. Purpose . .
P problems how to solve certain use trends to predict
types of problems future
Extractive (monitoring
Interactive® the performance of .
e e Extractive (a large
(facilitation, scientific indicators,
negotiation impact assessment body of methods
2. Tools g ’ P ’ derived from diverse

participatory
monitoring and
evaluation)

process
documentation) and
Interactive (some
PAR methods)

social and biophysical
sciences)

3. Carried out
by whom?

Actors in a
change process
(farmers, leaders
of
organizational
change,
policymakers,
urban residents)
and researchers
as facilitators

Researchers with an
interest in “process”
(how transformation
occurs); change agents
interested in deriving
generalizable lessons,
who bring
stakeholders along
with them

Researchers. At times,
change agents will
also turn to
conventional research
either for inputs (i.e.
technologies) or to
evaluate the impact of
change processes they
have facilitated

LPAR is not just a set of tools, but a philosophy and broad approach to knowledge

generation and societal engagement.




86

In agricultural research on GHG emission mitigation, it is important to consider that there
Is a great deal of uncertainty. On the one hand there is a range of estimates in mitigation
potential, due to the variety of physical factors affecting the results, and on the other hand
the socio-economic impacts of mitigation strategies at the farm level are affected by
farmers’ and researchers’ attitudes. Uncertainties do not play in favour of successful
communication based on trust; therefore, successful farmer engagement is needed in order
to fill the gap between scientists and farmers. Frustration over lack of clear government
action on issues related to greenhouse gas emissions from farms is widespread among
certain types of farmers, in particular small-scale and organic farmers. Farming
communities may have different goals and objectives, but all share concerns over the lack
of effective communication from the government, which results in scepticism and general
mistrust in interventions by actors outside of the farmers’ relatively limited networks of
influence (Kings and Ilbery, 2010). From a land use policy point of view, collaborative
agri-environmental schemes are proven to have a positive influence on farmer engagement
on environmental issues. However, barriers to collaboration between researchers,
government and farmers are argued to primarily be the lack of communication among
parties and the lack of long-term flexibility of environmental schemes (Emery and Franks,

2012).

The agricultural sector seems to be facing a paradox where farmers who are naturally
inclined to adapt to changing circumstances, such as weather, labour and market demands,
in order to ensure long-term sustainability and competitiveness of their businesses, are now
reluctant to subscribe to schemes that they see as fixing their decision-making and thus
affecting the very long-term environmental and socio-economic sustainability the schemes

should be promoting. These arguments lead one to conclude that the agricultural sector is
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in need of participatory action and engagement with farming communities in order to
break free from the pre-concepts about theoretical science and the mistrust of government.
Farmers’ knowledge and experiences need to have a value in agricultural research that
supports the policy making process. Only by undertaking in-depth studies of context-based
problems, can researchers help overcome the barriers surrounding farmer engagement and
foster social capital that provide farmers with the necessary knowledge to face the
challenges related to environmental impact e.g. conservation, greenhouse gas emissions,
ecosystem services; and the socio-economic implications of policy actions at the farm

level.

4.3.4 Case Study Research

In order to achieve successful PAR, case studies can be used to analyse in more depth the
drivers for change among livestock farmers in England. In this context, the initial
challenge consists not only in combining quantitative scientific studies with qualitative
research relying on a selected group of case studies, but most importantly in justifying the
use of case studies rather than the design of a broader, replicable, quantitative research

strategy such as a farmer survey.

In support of case studies, Flyvbjerg (2006) identifies five misunderstandings often
associated with case study research. These are also analysed by Tihanyi et al. (2011) in the
context of farmers and agri-businesses in South Africa. Following Flyvbjerg’s and
Tihany’s arguments, the following illustrate why case study research is an appropriate

methodology to engage with farmers on GHG emission mitigation strategies.
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“Misunderstanding no. 1. General, theoretical (context-independent) knowledge is more

valuable than concrete, practical (context-dependent) knowledge.”

The very scope of the study was to analyse context-dependent changes at the farm level. In
fact, PAR seeks to engage with individuals and communities in order to understand
processes, challenges and drivers for change. Human beings are naturally inclined to better
understand a situation when immersed into it or when presented with a series of similar

situations from which to draw greater insight of a given problem.

“Misunderstanding no. 2. One cannot generalize on the basis of an individual case;

therefore, the case study cannot contribute to scientific development.”

Case studies provide an analysis of a given situation in given conditions. Therefore, they
are not meant to be generalised in order to explain what happens in broader contexts. In
fact, in the agricultural sector, factors to be considered in development studies include not
only soil, water, climate, crops and livestock, but also include economic factors such as
productivity, competitiveness and access to markets, as well as broader socio-ecological
factors such as biodiversity, environmental conservation and social capital, with a
particular focus on rural livelihoods and farmers’ attitudes and perceptions of climate
change. Therefore, scientific development in agriculture is highly context-dependent, in
particular of socio-economic factors that may affect the adoption of newer, better strategies

to mitigate the impact of agricultural practices on the environment.
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“Misunderstanding no. 3. The case study is most useful for generating hypotheses, that is,
in the first stage of a total research process, while other methods are more suitable for

hypotheses testing and theory-building. ”

One can argue that an experiment can be successfully replicated in vitro and a hypothesis
can be developed from such consistent results. However, this cannot be used as guarantee
that the same experiment replicated in vivo will give the same results, as have been found
with a number of mitigation strategies. Similarly, case studies represent a valuable
methodology that gives in-depth analysis in contexts in which relationships and dynamics
within the society or within a specific sector of society may play a role in the decision
making process, such as in this case the agricultural sector. Case study research does not

aim at building a theory.

“Misunderstanding no. 4. The case study contains a bias towards verification, that is, a

’

tendency to confirm the researcher’s preconceived notions.’

Bias is an important factor to consider when operating on case studies. However, various
methodologies are available that can prevent bias to influence the selection of case studies.
Case studies can be selected using different sampling methodologies, such as randomised
sampling or cluster sampling. For the purpose of the present study, the criteria for selection
were the type of farm (i.e. livestock), the type of production (i.e. extensive, low-input) and

the location (i.e. South West region and West Midlands region).
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“Misunderstanding no. 5. It is often difficult to summarize and develop general

propositions and theories on the basis of specific case studies.”

As it was already explained, case studies are meant to provide in depth analysis of a
context-dependent situation, as opposed to a general in-depth summary. In fact, if the
ultimate purpose of case study research was to summarise an in-depth analysis, then the

analysis would lose its value.

Finally, Case Study Research presents a series of strengths and limitations. However,
quantitative and qualitative social studies should complement one another, rather than
ignore one another (Flyvbjerg, 2006). On the one hand, quantitative studies are needed to
obtain information on a large scale that can provide valuable support for policy-makers.
On the other hand, in-depth analysis of context-dependent situations is also needed to
better understand the drivers for change within the farming community. By analysing the
underlying barriers to farmer engagement, it is possible to reach a greater understanding of
farmers’ attitudes and perceptions of the impact of climate change at the farm level. This
information is equally valuable for policy-makers in order to improve agricultural
legislation and its implementation. The following study was developed to evaluate the
potential for successful communication between academic researchers and farmers in the

South West of England.

The role of social networks in natural resources management is the focus of extensive
research in recent years. The current challenges facing researchers aiming at studying
complex socio-ecological systems are highlighted in studies undertaking context-

dependent research in both the developed and the developing world (Bodin and Crona,
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2009; Bodin and Teng0, 2010; Bodin et al, 2006; Cornell et al., 2013; EKins et al, 2003;
Folke, 2006; Janssen et al., 2006; Osterblom et al., 2010; Plummer and Armitage, 2007;
Vignola et al., 2010). The understanding of complex socio-environmental dynamics
ensures a more effective management of environmental resources and fosters cohesive,
productive and sustainable rural communities. It is important to consider the locality of the
issues to be addressed. Therefore, the methodology proposed in this study presents

multiple advantages:

i.  the potential for development of effective interdisciplinary research;
ii.  aframework for successful long-term farmer engagement;
lii. it promotes knowledge sharing and interaction between researchers and farmers on

the topic of GHG mitigation.

4.4  Multidisciplinarity

Farmer attitudes and perceptions of climate change are influenced by a complex web of
factors. These range from economic pressure, to environmental conservation, to the social
implication in terms of long-term sustainability of rural livelihood (Mills et al., 2013).
Farmers’ concerns may range from cross compliance and meeting Environmental
Stewardship Schemes requirements to the cost of production and market pressures on
prices and standards. Therefore, GHG emission mitigation may not be a priority for
farmers. Moreover, the peculiarity of the agricultural sector lies in the fact that each agri-
business is unique in its impact on the environment and the community as a whole.
Research aiming at improving livestock farms practices to reduce the impact of GHG

emissions needs to take into account the multi-faceted characteristics of rural livelihood
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and acknowledge that the one-model-fits-all approach cannot apply (Fischer and Glenk,
2011). Integrative methodologies should be adopted (Feola and Binder, 2010). In fact, with
respect to the implications of human interactions on natural resource management, it is
important to remember that “knowledge integration, the blending of concepts from two or
more disciplines to create innovative new worldviews, is a key process in attempts to
increase the sustainability of human activities on Earth” (Newell et al., 2005, p.299).
Studies suggest that research addressing current environmental problems needs to embrace
multidisciplinarity as a way to establish collaborative action between farmers, researchers,
the private sector and government, in order to address practical issues facing the
agricultural sector (Hicks et al. 2010; Jolibert and Wasselink, 2012; Sutherland et al.,

2012; van Rijnsoever and Hessels, 2011; Weichselgartner and Kasperson, 2010).

A multidisciplinary approach can be considered appropriate in order to obtain an
integrated assessment of the environmental impact of livestock farm practices in terms of
greenhouse gas emissions. The peculiar modularity of the approach allows the researchers

to address multiple challenges:-

- Initially, practices directly under farmers’ control are critically assessed against
current scientific knowledge and the farmers are provided with a choice of practical

solutions to mitigate emissions;

- Subsequently, the more complex dynamics behind farmers’ attitudes to climate
change and their drivers for innovation can be analysed in depth to give evidence-
based evaluation of the greater barriers that need to be addressed to promote the

adoption of climate-friendly or climate smart farm practices.
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At the same time, by acknowledging that research is only one of the aspects of innovation
in the agricultural sector (Klerkx et al., 2012), the framework aims at promoting farmer-to-
farmer interaction and knowledge sharing, as well as farmer-driven research. Quantitative
and qualitative research methodologies are combined in order to engage with farmers by
establishing a two-way communication between researchers and farmers and, therefore,
providing practical solutions to farmers and socio-economical information which is of

great value to policy makers.

4.5  Drivers for farmer engagement

Researchers should be encouraged to investigate the existing knowledge farmers have of
GHG mitigation. Understanding farmers’ knowledge and perceptions is the first necessary
step towards the integration of local or experiential based and scientific knowledge,
therefore ensuring successful environmental management (Oenema et al., 2011; Raymond
et al., 2010). This critical step represents the strength and the weakness of any engagement

methodology.

Integrating farmers’ knowledge with scientific research is the foundation for Participatory
Action Research that aims at improving existing situations and adopting the best
agricultural practices based on specific environmental, social and economic contexts. On
the other hand, the individuality of each farm shows that in order to be successful, science
has to be problem-focused, instead of relying on categorisation of solutions. Decision
support tools that allow farmers to specify in great detail the factors affecting GHG
emission mitigation may eventually become highly complex and therefore at risk of

becoming less appealing to farmers as end users. This aspect has a particular influence on
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extensive farming systems, where low-input management is more likely to affect future
decisions, especially those requiring greater capital investments. Therefore, advisory

services should give practical advice based on context-dependent circumstances.

4.6  Knowledge sharing

However, studies have shown that farmers’ drivers for innovation and engagement with
the research community may not be solely financial (Cocklin et al., 2007; McKenzie,
2011; Mills et al., 2013). Farmers are more inclined to accept knowledge shared within
farmer-to-farmer groups or within other interests groups where knowledge is drawn not
only from scientific research, but more importantly from experience. Unlike in the industry
sector, where the process of categorisation and standardisation of best practices is easier to
implement, in the agricultural sector the impact of innovation has greater inconsistency
due to the variability in the size, type and geographic context of agri-businesses.
Categorisation and standardisation have obvious limitations, which reflect in the
disconnection between science-driven agricultural research and its practical application at
farm level. Therefore, researchers need to gain credibility with farmers in order to
overcome this social divide and achieve successful participatory research. Extension
agents need to engage with individuals within the farmers’ groups who might have greater
influence on other members; they need to ensure that advice is context-dependent and they
need to establish a consistent and transparent communication channel with farmers
(Matous et al., 2010; Oreszczyn et al., 2010). Therefore, the process requires time and
resources that research institutions may not have. Greater investments from the
government in supporting public-funded extension services would ensure consistency in

advisory outcomes. Furthermore, these can be justified and reduced GHG emissions can be
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argued to be a public good. This would also address the barrier to engagement represented

by farmers’ frustration and lack of trust over unclear government agency.

4.7  Conclusion

Successful greenhouse gas emission mitigation needs to consider farm practices that are
directly under farmers’ control. This approach will ensure that farmers accept advice that
is feasible and practical at the same time. Farmers’ perceptions and attitudes to climate
change have a great influence on the adoption of innovations. Extension agents need to
understand the factors affecting farmer decision making. In particular, promoting linking
social capital and establishing relationships based on transparency and trust greatly
improve interactions between farmers and researchers or government agents. Researchers
need to acknowledge the multidisciplinary aspect of the challenges facing livestock
farmers. Therefore, a unique approach needs to be adopted, oriented to practical problem
solving but at the same time valuing farmers’ contribution to the knowledge pool. Such an
approach will ensure that the barriers created by the lack of trust in individuals external to
farmers’ networks of influence are addressed and it will create opportunities for on-farm
innovation based on successful participatory action and translational research. It is for
these reasons that participatory case studies were chosen for the field study, as described in

the next chapter.
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5 Case Study Research
This chapter illustrates the methodology adopted in the study and provides a description of
its stages, starting from the sample selection and continuing with details of the model used

within the research framework.

5.1 Introduction

Greenhouse gas emission mitigation at the farm level faces two main challenges. On the
one hand, the economic and logistic feasibility of mitigation strategies needs to be a
priority of researchers who aim at advising farmers and agri-businesses. On the other hand,
researchers and advisory services need to adopt appropriate, successful approaches to
farmer engagement which are more likely to ensure long-term, two-way communications

with farmers and embedded behavioural changes.

The key steps towards the establishment of successful collaboration between researchers

and farmers are:

i.  The understanding of farmers’ knowledge and perceptions of the problems related
to on-farm greenhouse gas (GHG) emissions;
ii.  The provision of transparent knowledge transfer from scientists, in a language that
is understandable by farmers (translational research) and
iii.  The fostering of farmer-to-farmer networks to promote knowledge sharing and

build cultural and social capital within the agricultural sector.
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5.2  Methodological approach

When addressing livestock farmer engagement on GHG emission mitigation, the first step
towards the formulation of a model is the identification of the system in which the study
operates, in order to ensure that the research efforts are directed toward the intended target.
Figure 5.1 provides an overview of the relationships between groups of farmers, academic
institutions, interest groups and the government, and the possible influence of markets,
based on recent studies addressing issues related to farmer engagement and the socio-
economic interactions internal and external to the farming community. A key finding is the
disconnection between farms producing on a smaller scale and institutions involved in the
policy making process and between these smaller scale and extensive farms and markets.
Hence the importance of promoting farmer engagement in order to increase the
opportunities for collaboration, adopting translational research methodologies and

fostering knowledge sharing activities.

The previous chapter highlighted the importance of adopting case study research in order
to obtain in-depth knowledge of a specific situation. In this case of farmer engagement,
case study research represents the research method that is more likely to succeed in
identifying context-based barriers to engagement and possible solutions to overcome these
barriers or minimise their negative impact on relationships between farmers and
researchers. The aim of the study was to integrate impact assessment of on-farm GHG
emissions with farmer engagement activities. As a pilot study set in the South West and
West Midlands regions, it was based on a framework developed to include research
methodologies that guarantee valuable results in short-term studies such as this one. The

principles taken into consideration were illustrated in section 4.3.3.
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Figure 5.1 Societal system boundaries.
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These ensured that the model designed to evaluate on-farm impact assessment of farm
management practices provided effective support to the translational research approach

adopted, but within the timeframe assigned to the study.

5.2.1 Sample selection

The sampling technique adopted to select the farmers was chosen based on the resources
available (i.e. time, financial support). Pilot studies adopt non-probability sampling
technique such as convenience sampling as a cost-effective way for researchers to obtain a
pilot sample under time constraints, by including individuals that are “readily available”
(Ozdemir et al., 2011). Convenience sampling of farmers has obvious limitations, linked to
its non-probabilistic nature. Farmers that are listed in local or national databases are easier
to contact and therefore they are more likely to be overexposed to surveys. This may lead
to a higher non-response rate and lack of interest in participating in yet another survey or
research study. Conversely, farmers who accept to participate in research studies are
showing an interest in the topic of the study, in this case being livestock farmers’
perceptions of climate change and on-farm management of GHG emission mitigation. This
may lead to a higher number of participants giving positive responses to the research
questions and therefore the results may not be representative of the wider livestock
farming community. However, this study was set up to pilot a methodology for farmer
engagement that can be adopted on wider scales at a later stage. Therefore, the purpose of
the sample in this study was to provide a sufficient number of case studies to support the
methodology and to receive farmers’ feedback on future actions to tackle the issue of on-

farm livestock GHG emission mitigation for their farms.
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The criteria for the selection of farmers for this study were:-
- Location: South West and West Midlands regions, as they represent strongholds of
livestock farming:
- Sector: livestock i.e. dairy, beef, pig, poultry, mixed livestock-arable (i.e. fodder);
- Type of production: extensive farming systems. For the purpose of this study farms
were identified as small to medium-scale and practicing low-input extensive

methods, some of which were organic.

During spring 2011, a total of 60 farmers were contacted at farming conferences in the
South West and by telephone or email, using business directories. Farmers were asked the
type of production their farming system adopted and they were then invited to participate
in the study. Fourteen (14) farmers accepted the invitation: 11 certified organic farms and
3 conventional farms following organic principles, identified as uncertified organic. Table

5.1 summarizes the profiles of the farms included in the study.

For the purpose of the study, each farm was identified by a letter i.e. from A to N, in order
to guarantee the anonymity of the results presented in this section. The following

characteristics are included:-

Farm location, i.e. county

- Farm type, i.e. organic, conventional, uncertified organic
- Type of livestock

- Location in an Nitrates Vulnerable Zone (NVZ)

- Environmental Stewardship Schemes (ESS)

- Farm size — land surface area, in hectares (ha)

- Farm size — number of animals
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Table 5.1 Farm profiles at the time of first visit (early spring 2012).

Farm | County Type Livestock NVZ | ESS Size - Land Size - Animals

A Herefordshire Conventional* beef* Yes HLS 56 ha. pasture, 126 ha. arable 37 beef cows (21 cows +
followers)

B Herefordshire Conventional* sheep*, poultry C Yes - 242 ha. pasture 1,650 ewes, 55,000 boilers

C Gloucestershire Conventional* | dairy* Yes HLS 360 ha. (180 pasture, 180 arable) | 350 dairy cows

D Gloucestershire Organic dairy, sheep No ELS, HLS 530 ha. 150 dairy cows, 300 ewes

E Bristol Organic dairy No - 350 ha. pasture, 50 ha. arable 250 dairy cows, 130 young
stocks

F Gloucestershire Organic beef, sheep, pigs No ELS, HLS 73.4 ha. (of which 15.61 ha. 12 ewes, 122 lambs, 2 beef

arable)

G Cornwall Organic beef, sheep, veg No ELS, HLS 137.59 ha. (80.94 ha. 60 suckler cows, 10

pasture, 56.66 ha. temporary | followers, 200 ewes
with 16.19 ha. veg. rotation)

H Cornwall Organic beef, sheep, pigs | Yes | OELS 68.80 ha. 28 suckler cows, 10
followers, 22 calves, 14
sheep, 8 pigs

I Oxfordshire Organic dairy No HLS 485.62 ha.+ 80.94 ha. non- 300 dairy cows (100-110

organic arable dairy cows + followers)

J Cornwall Organic beef, sheep, poultry | No OELS 28.33 ha. 61 beef, 48 ewes, 15 geese, 15
chicken

K Devon Organic beef No OELS 50 ha. 30 suckler cows, 60 young
stocks

L Wiltshire Organic dairy, beef, sheep, Yes OELS 550 ha. (340 pasture + 185 arable) | 250 pigs, 170 dairy, 100 beef,

pigs 21 ewes, 1 ram

M Herefordshire Organic beef, sheep, No HLS 350 ha. 110 suckler cows, 140 young

poultry, pigs C stocks, 350 ewes, 6 sows, 40
piglets, 250 laying hens

N Herefordshire Organic Dairy Yes HLS 169.97 ha. 270 cows, 90 young stocks, 100

calves, 50 cattle rebulled

Keys: *: uncertified organic; C: conventional farming system.
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5.3  Field research framework and data collection

The following framework combines a science-based farm management assessment with
qualitative research in order to provide practical advice on reducing farm emissions on
the one hand, whilst on the other hand gaining in-depth knowledge of the current
problems livestock farmers are facing when dealing with greenhouse gas (GHG)
emission mitigation, along with the drivers and obstacles to innovation at the farm level.
The framework was developed in order to establish successful communication channels
with a pilot set of volunteer farmers. This approach initially provided each farmer with
an assessment of their current farm practices against GHG mitigation strategies. It then
continues with the analysis of farmers’ knowledge of the topic of climate change and
GHG mitigation, their interest in it or lack thereof, and the main obstacles to GHG
mitigation on their farm. The framework can be divided in 3 main activities; appraisal
of farm practices is done by scoring in relation to GHG emission mitigation potential,
while decision trees are used to identify options. The timeline is further summarised

(Figure 5.2).
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Figure 5.2. Timeline of methodology.
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5.3.1 Rapid Farm Practices Appraisal tool

The Rapid Farm Practices Appraisal (RFPA) tool consisted of decision trees, scoring

tables and a booklet containing recommendations for farmers based on qualitative

evidence, in order to reduce emissions. The initial phase involved the review of the

scientific literature citing in vivo studies that quantify GHG emission mitigation. The

review allowed for the identification of key areas for intervention. Livestock farm

practices were therefore divided into 5 areas: dietary management, livestock housing,

manure storage and treatment, grazing and pasture management, and manure

application to field. Each section was then analysed using:-

Scoring tables: Each practice was evaluated against its GHG mitigation potential.
Each practice was assigned a Farm Management Score (FMS) based on the
practice application, and a Likert-scale based Mitigation Potential Score (MPS). A

sample scoring table used in this study is illustrated in Table 5.2.

Decision trees: Practices implementation was assessed using section-specific
decision trees that provide with a reference linked to the booklet containing
specific guidelines and recommendations to mitigate emissions on farm. A sample

decision tree used in this study is illustrated in Figure 5.3.

Guidelines booklet: The review of scientific literature illustrated in chapter 3 was
used as foundation to provide targeted recommendations to the farmer, based on
farm-specific contexts. A sample section of the booklet used in this study can be
found in Appendix I. Each recommendation included the practice, the expected

outcome in terms of GHG emissions reduction and a brief explanation of the
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reasons for such an outcome, avoiding technical jargon whenever a simpler

vocabulary could be used.

This tool was created in order to be easily understood by farmers. The decision trees
and the guidelines booklet provided a straight forward analysis of farm practices
management by linking each practice to recommendations specifically tailored for the
farm. This approach ensured that farmers could appreciate the validity of the
recommendations given, which did not rely on general farm profiles with varying
degrees of similarities with the actual farm being assessed. Consequently, the scoring
tables gave an overview of the specific potential impact of the agri-business in terms of
emissions. The simplified scoring system was based on the most acknowledged
scientific findings on GHG mitigation and it allowed the monitoring of the farm impact
over time in the case of a change in farm practices management. Therefore it could also
be used to forecast possible variations in the farm impact based on changes in farm

practices.
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Table 5.2 Scoring sheet for the assessment of practices related to on-farm storage and

treatment of manure.

Farm Management Score
Mitigation Potential Score

Livestock farm practices scoring sheet

+: practice is adopted, -: practice is not adopted, 0: N/A
1: <10%, 2: 10-30%, 3: >30%

Section 3. Manure Storage and Treatment

1.

2.

Slurry storage
a. Slurry separation
i. Use of liquid fraction in anaerobic digestion
1. Aeration
2. Addition of glycerol
ii. Solid fraction composted
b. Surface cover
i. No cover, crust
ii. Surface layer of straw
iii. Fixed cover (e.g. wood, plastic, rubber)
c. Sloped or slatted floors

Farm Yard Manure (FYM) heaps

a. Turned regularly / at least once in 2-3 months (short storage)

b. Compacted

c. Composted

d. Addition of straw (not from bedding)
e. Addition of water (not rain)

f. Covered

i. Inlivestock pens (e.g. straw over manure) / from overwintering, not covered

ii. Impermeable cover
iii. Airtight cover

iv. Straw cover or other permeable cover

>

Use of additives to reduce pH

i. Use of other additives (e.g. saccharose)

Piping system or shades to reduce temperature

Section score:

0+3
0+1
0+1
0+3
0+3

0+3
0+3
0+3
0+3

0+3
0+3
0+3
0+3
0+3

0+3
0+3
0+3
0+3
0+3
0+3
0+3
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Figure 5.3 Decision tree for practices related to manure storage and treatment.
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5.3.2 Farm visits

The second phase consisted of inviting a pilot set of farmers to participate in the study.
Each farm was visited twice and semi-structured interviews are used on both occasions.
During the first visit, the farmers were interviewed on their current farm management.
The Rapid Farm Practices Appraisal tool allowed obtaining a detailed report for each
farm, containing an assessment of the estimated impact of farm practices in terms of
GHG emissions and a series of recommendations with the aim of mitigating emissions.
The results of this first assessment were then included in a report presented to the
farmer, promoting discussion on the topics touched in the report. The aim of this
exercise was to provide the farmers with suggestions and recommendations based on
the latest scientific evidence on GHG mitigation and on the most recent reports
published by DEFRA and various scientific bodies, while at the same allow the
researchers to gather valuable feedback on farm management practices, as well as on
the structure and content of the farm assessment reports. The key strength of this

approach is that the information given is tailored to each farm’s specific management.

Subsequently, a second visit was organised after 6-9 months to monitor changes in farm
management. After reviewing changes and running the RFPA tool again to update the
both scores and recommendations, farmers were also interviewed on how they take
decisions on farm. A total of 17 factors were selected based on literature review of
recent studies on farmers and stakeholder engagement in the agricultural sector (Table
5.3). Farmers were asked whether they take into account the factors or they don’t,
during the decision making process. The sample questionnaire can be found in
Appendix Il. The questionnaire was used during the second round of visits. In 2 cases
the farmers agreed to be sent the questionnaire by post, to reduce researchers’ travel

costs. They were mailed a pre-stamped envelope along with the questionnaire and a
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return deadline was agreed over the phone. Phone follow ups were also agreed to

discuss the responses given in the questionnaire.

The purpose of the second visit was two-fold: on the one hand, it assessed changes in
farm management and farmers acceptance of recommendations based on scientific
knowledge of GHG mitigation from a practical point of view; on the other hand, the
second interview assesses farmers’ perceptions of GHG mitigation and their
relationships with factors internal and external to their farm systems. The second
assessment was done using a PEST analysis model, including environmental factors.
The model was named PEST-En and included Political (P), Economic (E), Social (S),
Technical (T) and Environmental (En) factors that may be taken into account by farmers
when making decisions on farm. The analysis was integrated by narrative responses
given by farmers during the interview. Narrative responses were analysed using a
simple taxonomy system: by identifying key words (e.g. trust, experience, influence,
support, problem, risk) in order to group similar narratives provided greater insight on
the motivations behind each answer, as different motivations can be given for the same

answer.

5.3.3 Farmer focus group meeting

The last phase of the study included a farmer focus group meeting. All participants were
invited to present their views on the study and its methodology, and to discuss
opportunities for action at the community level and for further research and partnerships
between academia and farmers. The event was open to farmers that did not participate
in the study, in order to engage on a wider scale. The first part of the meeting consisted
in sharing the results of the study to date and in farmers presenting their experiences of

the study. Participants were then split into groups, each group discussing issues related
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to a topic of concern. Topics selected during the meeting were livestock feeding,
grassland and pasture management, manure storage and treatment. Participants were
encouraged to voice their concerns over issues related to GHG emissions and to propose
actions to tackle them. The meeting served as an opportunity to network with other

farmers, share experiences and discuss possible solutions.
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Table 5.3 Factors influencing decision making at the farm level, grouped according to

the PEST-En analysis model.

Type of factor

Reference Description

Political

P1

Trust in official reports
i.e. government (DEFRA, Environment Agency)

P2 Trust in source of recommendations (institution)
i.e. research centres, universities, associations
P3 Support in integrating Environmental Stewardship
schemes (i.e. ELS, OELS, HLS) and GHG emissions
reduction
P4 The level of bureaucracy linked to obtaining grants
Economic El Financial constraints i.e. limited budget
E2 Current management is profitable already
E3 External support for budget and farm management
matters
E4 Cost of agricultural consultants
E5 Labour force availability
Social S1 Trust in source of recommendations (individual)
i.e. the person conducting the study
S2 Community support
S3 Previous bad experiences
i.e. consultants, community actions, interest groups
Technological T1 Trust in scientific basis of GHG emissions reduction
strategies
T2 Trust in assessment tools currently available
i.e. carbon accounting tools
T3 User-friendliness of assessment tools
Environmental Enl Interest in conservation and environmental matters
En2 Renewable energy more important greenhouse gas

emissions reduction
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5.4  Data analysis

Results obtained from the study were quantitative data regarding the implementation of
practices that mitigate greenhouse gas emissions and qualitative data on farmers’
attitudes to climate change, in particular the barriers and opportunities for the adoption
of GHG emission mitigation options.

Quantitative data obtained using the RFPA tool was reported as number of changes in
farm practices over the total number of possible changes. Percentages of estimated
GHG emission mitigation were provided for each farm following the farm practices
scoring system described in section 5.3.1.

Qualitative data was obtained using semi-structured interviews using the PEST-En
analysis model described in section 5.3.3. Percentages were provided for positive,
negative and neutral responses over the total number of farmers interviewed. Analysis
of individual case studies was used to highlight circumstances that were considered to
have a possible influence on specific farmers’ responses. Narrative responses were
analysed by coding concepts such as trust, knowledge, risk, experience. E.g. words such
as confidence, certainty, reliance and belief were associated to the concept of trust;
words such as uncertainty and danger were associated to the concept of risk (e.g.

financial, legal, reputational).

5.5  Further considerations

The framework set to create a model for integrated socio-environmental farm
assessment; therefore, it is important to understand the boundaries of the study’s
approach. Even though the study was initially set as a quantitative scientific study, at a
second stage it incorporated concepts and methodologies that are used in qualitative

research, such as social studies. The farm assessment tool provided the basis for the
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engagement of farmers on the topic of on-farm innovation in GHG emissions reduction,

initially at individual level, and subsequently during a farmer focus group meeting.

Finally, by engaging with farmers on GHG emission mitigation, this approach adopts
principles of translational research that aims at translating scientific knowledge into
practical advice. By using a farmer-friendly model to assess a series of farm activities
from a practical point of view, rather than simply providing a figure from a carbon
footprint calculator, the framework aims at creating a network of farmers and at
building long-term relationships between farmers and researchers, fostering knowledge
transfer and knowledge sharing to promote innovation at the farm level.

The methodology presented here can be used by researchers and extension practitioners
in order to obtain data on the impact of smaller scale livestock farms in terms of GHG
emissions and on the barriers as well as the drivers for innovation in mitigating
emissions at the farm level. The method can also be scaled up to embrace larger farms
and networks. The data collected will provide valuable information to policy makers,
ensuring the continuity and effectiveness of agricultural policy in England.

The following chapter illustrates the outcomes of the exercise, providing a critical

review of the results and arguments to support further development of the methodology.
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6.6
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Improvement of farm management practices
Farmer engagement

Obstacles and barriers to change
Opportunities and drivers for change

Further considerations
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6. Results and discussion

This section illustrates the results of the study, after providing a brief overview of the
characteristics of the farms that were assessed. Initially, results are presented regarding
the adoption of changes in farm management practices, followed by a detailed analysis
of the practices separated by sector. Subsequently, results from the farmer engagement
exercises are discussed: firstly, the acceptance of the RFPA tool is evaluated, followed
by the researcher-to-farmer engagement activities, and lastly the farmer knowledge
sharing activity is discussed (i.e. farmer focus group). Finally, the chapter discusses the
obstacles and barriers to change highlighted by the study and, to conclude on a positive
note, discusses the opportunities and drivers for change that were shown by the
interaction between the researcher as knowledge broker and change agent and farmers

as co-researchers.

The study did not aim at representing the whole of the British livestock farming sector
and thus convenience sampling was adopted to contact farmers. Criteria for selection
were illustrated in section 5.2.1. A pilot set of 60 livestock farmers were invited to
participate in the study. Farms were located in England, in the South West and West
Midlands regions. Farms selected were livestock and mixed arable-livestock farms,
where arable production was solely destined to animal feed. Fourteen farmers showed
interest in matters relating to greenhouse gas (GHG) emission mitigation and agreed to
participate (Table 6.1). The range in farm size was quite wide (between 28 and 550
hectares) because half the farms had arable production. However, only 3 farms had a
size above 400 hectares, with maximum size of 550 hectares (Figure 6.1). Six farms
were located within a Nitrate Vulnerable Zone (NVZ) and only 2 farms were not part of

any Environmental Stewardship Scheme, while 7 farms were under either Entry Level
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Schemes (ELS) or Organic Entry Level Schemes (OELS) and 8 farms were also under

Higher Level Schemes (HLS).

Table 6.1 Summary of farm profiles.

Farm characteristics

Number 14
Location South West (10):
- Gloucestershire (3)
- Oxfordshire (1)
- Bristol (1)
- Wiltshire (1)
- Devon (1)
- Cornwall (3)
West Midlands: Herefordshire (4)
Location within a Yes (6)
Nitrate Vulnerable No (8)

Zone (NVZ)

Size (range)

Min. 28.33 hectares
Max. 550 hectares

Type

Livestock and Mixed livestock (7)
Mixed arable / livestock (7)

Livestock

Beef (8) 60-300 animals
Dairy (7) 150-350 animals
Sheep (7) 50-1650 animals
Pig (3) 50-250 animals
Poultry (3) 30-55,000 animals

Type of farm

Certified organic (11)

Uncertified organic (3)

Environmental
Stewardship Schemes

No ESS (2)
ELS / OELS (7)
HLS (8)
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Figure 6.1 Size of farms that participated in the study.
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6.1 Adoption of change at the farm level

The RFPA tool described in chapter 5 was used to assess farm management practices in
terms of GHG mitigation potential and their on-farm implementation. All 14 farms were
assessed twice over 6-9 months between early spring 2012 and autumn 2012. Further
information on farmers’ attitudes to climate change and their actual and perceived
barriers to GHG mitigation were based on the results from a semi-structured interview
conducted in autumn 2012. No farmer withdrew from the study at this stage. However,
the success of 100% engagement at this stage was accompanied by mixed results
regarding the farms’ management performance. The following analyses changes
adopted in terms of farm management practices and the obstacles presented by farmers

in implementing GHG mitigation strategies.

Farmers responded well to the recommendations proposed in the farm assessment
reports. In fact, the study presented the farmers with the opportunity of filling the
knowledge gap on GHG emissions. Practices that showed multiple benefits including
GHG mitigation were more easily adopted within 1 year from the first farm assessment.
In total, half of the farmers implemented changes in farm practices within the 6-9
months between the first and the second farm assessment (Figure 6.2). Farmers showed
interest in practices that presented low economic risk but clear benefits in terms of
productivity and GHG emission mitigation. In contrast, limited financial capital and
labour force availability were the main reasons given for the lack of change in farm
management and for the difficulties in implementing on-farm innovation in order to
reduce GHG emissions. Changes in practices related to grazing and pasture
management, manure application to field, manure storage and treatment and dietary
management were observed in at least 2 farms per each sector. One farm also improved

practices related to livestock housing and 2 farms implemented changes in more than
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one sector (Table 6.2). However, even though half the farmers changed their farm
practices as a result of the first assessment carried out using the RFPA tool, it has to be
noted that when considering practices divided by sector, the results vary because of the
relative importance of each practice within the single farming system. For instance,
Farm F was a completely pasture-based system; therefore, the sectors of dietary
management and livestock housing were not included in the farm assessment. This
approach provided a balanced assessment tailored to the specific farming system of
each farm. As a result, the overall percentage of practices that were changed has relative
importance due to the peculiarity of each farming system analysed. Conversely, it is
important to consider each farm separately in order to analyse the results from changes
in practices. The RFPA tool helped identify the sections in which improvements in
GHG emission mitigation were registered over time (Figure 6.3). In fact, all farms that
implemented changes registered an improvement in the second assessment. Fewer farms
scored negatively in 2 sections and in 3 sections; 3 farms scoring positively in all
sections at the second visit, as opposed to just 1 farm scoring positively in all sections at
the beginning of the study (Figure 6.4).

Therefore, in order to acquire further understanding of the links between farm
management change and GHG emission mitigation, the following sections will address

in more detail the changes registered in each of the 5 sectors assessed.
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Figure 6.2 Percentage of adoption of changes in farm practices and breakdown of

changes by practice sector (n = 14).
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Table 6.2 Changes in farm practices.

Farm | Changes made

A Manure application to field

B -

C Manure storage and treatment
Manure application to field
Dietary management

E -
Dietary management
Grazing and pasture management

G -

H -

| -

J Grazing and pasture management

K -

L -

M Manure storage and treatment

N Livestock housing
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Figure 6.3 Results of two farm assessments in spring 2012 (1) and autumn 2012 (2) carried out using the RFPA tool.

(Note: the arrows indicate farms and elements changed)
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Figure 6.4 Comparison of RFPA tool results between the first and second farm

assessment.
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6.2 Improvement of farm management practices
This section analyses in detail the results obtained during the assessment of
management practices carried out using the RFPA tool. Practices are separated by

group, as described in section 5.3.1.

6.2.1 Dietary management

It is reasonable to think that diet is a crucial part of any livestock agri-business. An
optimum diet is reflected in good animal health and welfare and therefore it increases
the overall productivity of the farm (Waghorn and Clark, 2004). Farm practices that
mitigate GHG emissions, such as feeding forages with higher protein content, also
ensure good dietary standards for optimum production (Hersom, 2008). Dietary
management influences GHG emissions, in particular methane emissions from ruminant
enteric fermentation and, to a lesser extent, emissions from hindguts fermentations in
monogastric animals, such as pigs (chapter 3). Given the type of farm visited (i.e.
extensive, pasture-based), concentrates were not considered within the farming system
and farmers preferred not to introduce concentrates in the livestock diet. In fact,
introducing concentrates would have represented an additional input cost, not reflecting

the type of farm management embraced by the farmers.

The majority of farms scored positively at the first assessment (Table 6.3). This result
indicates that most farms already adopted best practices that would fit within their
farming system. These same practices are also beneficial in order to reduce GHG
emissions from enteric and/or hindguts fermentation in ruminant and monogastric

livestock.
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Table 6.3 Estimated (+) or reduction (-) in GHG emission mitigation (in %) and impact

of changes in dietary management.

Farm Spring Change in  Autumn

2012 practices 2012

A 3.00 no 3.00
B 21.30 no 21.30
C 14.00 no 14.00
D -0.15 yes 7.80
E 8.10 no 8.10
F 0.00 yes 10.00
G 0.00 no 0.00
H 0.00 no 0.00
I 21.30 no 21.30
J 16.30 no 16.30
K 0.00 no 0.00
L 21.30 no 21.30
M 20.00 no 20.00
N 20.00 no 20.00

Keys:
Green: improvement of on-farm GHG mitigation potential
Red: lack of improvement of on-farm GHG mitigation potential, starting from a

negative mitigation potential score
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In particular, 12 out of 14 farms included legumes in the livestock diet and the 2
remaining farms introduced legumes during the 1 year assessment. The use of legumes
in the diet and in crop rotations has multiple benefits i.e. reduced environmental impact
in terms of energy efficiency in cultivation, reduced application of Nitrogen-fertilisers
and reduced GHG emissions from crop cultivation (Nemecek et al., 2008) and increased
dietary protein in livestock ration, leading to reduced methane emissions from

ruminant’s enteric fermentation (Philippe et al., 2006).

Four farms out of 14 registered a neutral impact in terms of GHG emissions. One of
them (Farm F) adopted changes that were expected to mitigate emissions (i.e. higher
percentage of legumes on pasture), and therefore scored positively at the second farm
assessment. The only farm where a negative impact was registered during the first visit
(Farm D) improved its dietary management practices; notably it introduced legumes in
the diet, therefore reducing emissions from ruminant enteric fermentation (i.e.
methane). Interestingly, both farms were under ELS and HLS. The fact that both
farmers were tenants did not seem to influence their actions, as both were interested in
expanding their knowledge on GHG mitigation. Farmer F had the support of a family
member with previous work experience as environmental consultant and Farmer D had
the support of a family member working as land manager elsewhere, but able to help in
providing information regarding possible economic benefits of introducing legumes in
the diet in terms of land management and livestock productivity. As shown in Box 6.1,
the diversity of the profiles of these two farms may suggest that the main driver for
innovation could have been knowledge rather than the circumstances in which the
farmers operate, as both farmers had relatively easy access to information on

environmental issues via family members.
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Box 6.1 Influence of farm background on change

Farmers D and F adopted changes in dietary management in order to mitigate GHG
emissions. Their profiles and their farms profiles are very different, with the only
common points in tenancy, environmental schemes and a relatively easy access to
information to help them adopt environmentally friendly farm practices.

Farm D Farm F
Size 530 ha. 73.4 ha.
Type Organic Organic
Tenancy / Ownership Tenant Tenant
Environmental Schemes ELS, HLS ELS, HLS
Livestock Dairy Ewes, lambs
Ewes, lambs Beef, pigs
Arable (for animal feed) Yes Yes
Source of knowledge LEAF* Family
Family (environmental consultant)
(land manager) Farmers’ group**

*LEAF: Linking Farming And Environment; **PFLA, Pasture-Fed Livestock Association

Among the farms which did not implement any changes, 9 were already adopting best
practices to mitigate GHG emission within the limits of their systems, but 3 farms
(Farms G, H and K) registered a neutral impact and, therefore, they could have
improved their practices in order to mitigate emissions. A closer look into the profiles of
these farms did not seem to highlight key characteristics in relation to the farmers’
willingness to change. Seven (7) farmers out of 12 were tenants and 5 owned the farms.
Half the farms were under HLS, 2 under no scheme and 4 under ELS/OELS only.
Farms G, H and K were all under environmental schemes, with Farm G being the only
one of the 3 under HLS, and their primary production was organic, pasture-fed beef.
One farmer was a tenant (Farmer G) and the other 2 (Farmers H and K) owned the
farms. One interesting characteristic is perhaps that these 2 out of these 3 farms (Farms
H and K) were among the 4 smallest farms in the study in terms of total land surface
area, whether land was used as pasture or for arable/fodder production (i.e. Farm F, H, J

and K. Farm H extended over 68.80 ha. and Farm K 50 ha. The third farm, Farm G, had
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a size of 137.59 ha. but only 80.94 ha. were used as pasture, there rest was used as
temporary ley and vegetable production.

All 4 smallest farms and the slightly bigger Farm G were family-run and only relied on
external labour occasionally. All farmers were able to interact with local farmers’
groups, which they primarily relied upon to obtain information and knowledge about
innovation in farming via peer-to-peer interaction with other farmers in the area. Three
(3) of them (Farms G, H and K) did not improve their mitigation potential, 1 (Farm F)
adopted changes which reflected in the mitigation of GHG emissions from dietary
management practices and 1 (Farm J) was already adopting all effective mitigation

strategies concerning livestock diets.

It may be reasonable to expect that rather than the size of the farms alone, the
combination of labour force availability and type of production (i.e. pasture-based)
could result in greater financial pressure and uncertainty regarding the level of
production needed to ensure the viability of the business. Under such circumstances,
farmers may be effectively prevented from adopting changes and implementing
innovation due to the difficulty in re-establishing a balance in their production system
after the application of changes in dietary management practices.

Indeed, it is important to take into consideration the fact that changes in livestock diet
may be difficult to implement due to a series of practical, logistic or financial obstacles.
In particular, feed can be produced on-farm, when the farmer decides to allocate part of
the land surface to arable crop production. In this case, a change in diet would mean a
change in arable production, which has to follow seasons, crop rotations and contracts
with seed suppliers.

Feed can also be bought when not produced on-farm, either to supplement pasture or to

provide necessary dietary requirements during overwintering. However, contracts with
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feed suppliers may not be changed over short periods of time (i.e. 6 months) because of
financial implications, such as change in costs that may affect negatively the annual

farm budget.

The following describes in more detail which practices were more successfully adopted

by farmers and which, in turn, presented the greatest difficulties in being adopted.

Concentrates: Only 6 farms out of 14 included concentrates in the ration during the
overwintering period, therefore limiting the benefits of concentrates in the diet to 2-5
months over the year. The choice of not including concentrates in the ration was based
on the type of farming system, which relied on forage and grazing (i.e. pasture-fed).
However, it is important to remember that the study did not aim at forcing farmers to
change their farming system. The RFPA tool was designed specifically to provide
recommendations and suggestions to farmers tailored to their farming system. The lack
of use of concentrates was registered only on farms in which concentrates were not part

of the system and, therefore, it was not considered a negative result per se.

Supplementation: A total of 6 farms out of 14 included some form of supplementation
to the livestock diet i.e. oil seeds and meals, potato starch, brewers’ spent grains. Four
of these farms included oilseed meals in the ration. Six farms out of 14 had dairy
production, either exclusively or within a mixed livestock system; five of these farms
included supplementation in the diet. Only 1 pasture-based farm did not include any
supplementation, not even during overwintering, and only 1 farm with beef cattle
production (Farm A) included limited amounts of potato starch during the short

overwintering period (i.e. 6-8 weeks). Like in the case of concentrates, supplementation
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was not considered a possible mitigation for 8 farmers, because it did not fit within the

farm profile and farming system.

Legumes: During the first visit, only one farm (Farm D) did not include legumes in the
ration and another farm (Farm F) with a pasture-based system had a limited percentage
of legumes in the grass mixes applied on a small portion of land surface area. The latter
was due to HLS restrictions. Both farms improved their practices by introducing
legumes in the diet (Farm D) and by working with the seed supplier in order to find the
most appropriate seed mix allowed under the HLS agreement and by re-seeding a

greater land surface area (Farm F).

Considering the size of the farms included in the study, it is reasonable to expect the
following behaviours from farmers:
- Carefully designed livestock diets in order to fulfil all nutritional requirements,
improve productivity and increase profit margins.
- Given the limited budget and small margins to play with, diets relying on
cheapest feed option that has the best cost-quality balance.
- Reluctance to change diets without careful economic impact assessment of a
change in feed, as feed directly affects outputs, productivity and farm income.
- Good diets, and therefore a good productivity, ensuring farmer livelihoods and
those of their families, whether the farmers own the business or are tenant-

farmers.

The results of the assessment of the practices related to dietary management show that,
in spite of restrictions encountered in one case (Farm F), all farmers adopted good

farming practices that not only ensured good levels of productivity, but were compliant
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with Environmental Schemes’ (ES) regulations, where applicable, and mitigated GHG
emissions. The motivations behind farmers’ decision making related to ES,
governmental advice and livestock dietary management are addressed in detail in
section 6.4.2. No clear differences emerged from the comparison between farmers who
adopted change and those who did not. Size and type of farm did not seem to influence
the choice of farmers to adopt changes in farm practices. However, 3 out of the 4
smallest farms within the study had a neutral impact in terms of emissions from dietary
management practices. Nevertheless, those 3 farmers did not adopt any on-farm
improvement in order to try to mitigate emissions; while the fourth farm adopted
changes to positively reduce emissions. This result could suggest that size and the
financial limitations linked to running small pasture-based systems tend to have a
negative influence on farmers’ uptake of innovative practices to mitigate GHG
emissions, but other characteristics may have a greater influence.

For instance, all farms in the study, except Farm E and Farm L, had some interaction
with their peers in the form of local farmers’ groups. Therefore, all the 4 smallest farms
(Farm F, H, J and K) could rely on local farmers’ groups and networks to access
knowledge. The one who adopted changes (Farm F) had a relatively easier access to
knowledge via a family member. However, Farm H was in a similar situation, but
preferred not to adopt any changes. Interestingly, Farmer H was a very proactive
member of his local farmers’ group and, as it will be discussed later in section 6.2.5,
interested in innovative approaches such as mob grazing and carbon sequestration. The
main reason given for not changing dietary management practices was the financial
implications. This seems to indicate a rather polarised approach to innovation, where
practices that were more likely to have a potential economic return (i.e. better soil and

pasture management and the possibility of being paid based carbon credits) were
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prioritised over other forms of innovation with a more uncertain outcome, such as

dietary changes.

6.2.2 Livestock housing management

During the first visit in spring 2012, half the farms registered a negative score for
practices related to livestock housing (Table 6.4). However, at the time of the second
assessment in autumn 2012 only 1 farm (Farm N) implemented changes, while another
farm (Farm F) had converted to a completely pasture-based system; therefore, livestock
housing couldn’t be re-assessed. But the emissions can be transferred to grazing and
pasture management (section 6.2.5), where the farmer adopted practices that resulted in

a mitigation of GHG emissions from grazing animals.

Mitigation options for livestock housing management practices included increasing the
frequency of complete manure removals from housing units, flushing floors and the

management of bedded areas.

All farmers were aware of the multiple benefits from implementing good housing
management practices, in particular regarding animal health. However, the absence of
straw bedding could be considered a controversial option because even though the
practice would reduce GHG emissions from bedded areas and make it easier to clean
floors, animal welfare has to be taken into account. Therefore, none of the farmers
introduced bare concrete floors housing and the emphasis was placed on regular

cleaning and provision of fresh straw for bedding.
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Table 6.4 Estimated increase (+) or reduction (-) in GHG emission mitigation (in %)

and impact of changes in livestock housing management.

Farm Spring Change in  Autumn
2012 practices 2012
A 1.25 no 1.25
B -5.00 no -5.00
C 11.70 no 11.70
D 3.40 no 3.40
E -3.30 no -3.30
F -2.50 yes n/a
G -2.50 no -2.50
H -2.50 no -2.50
I -3.40 no -3.40
J 8.00 no 8.00
K -12.50 no -12.50
L 0.00 no 0.00
M 13.40 no 13.40
N -12.50 yes -7.50

Keys:

Green: improvement of on-farm GHG mitigation potential

Red: lack of improvement of on-farm GHG mitigation potential, starting from a
negative mitigation potential score

n/a: farm converted to entirely pasture-based system
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Recommendations to increase the frequency of complete manure removal from
livestock housing were well received by farmers. However, they cited a series of

difficulties in implementing this practice on a regular basis. Barriers cited were:-

Lack of labour force availability, cited by 4 farmers: Farmers A, I, J and N. Two of
them (A and J) scored well during the assessment, but were still interested in potential
improvement. It can be argued that as smaller farms are more likely to rely on the work
of 1 or 2 people (i.e. farm owner or tenant famer), they may experience difficulties in
adopting GHG mitigation strategies that require additional labour. In this case, farm
characteristics were extremely different.

Farm A was an uncertified organic pasture-fed beef cattle farm with 56 ha. of pastures
and additional 126 ha. of arable production for fodder. Cattle were housed for a
maximum of 6-8 weeks during the winter, depending on weather. Farmer A was the
farm manager and, while running the business under HLS agreement, he aimed at
obtaining organic certification in the near future.

Farm | was a 485.62 ha. certified organic dairy farm, also under HLS agreement,
housing the stock for up to 4 months during the colder season. Farmer | had been a
tenant on the farm for the past 25 years and he had a great interest in renewable energies
and on-farm innovation to promote environmental sustainability, but had been working
with limited labour force, which resulted in a number of solutions adopted in the past to
try to overcome this obstacle, such as installing a scraper in the housing unit in order to
be able to clean the bedded areas regularly. Without this solution, a high frequency of
cleaning of livestock housing would have been impossible. However, the system
adopted to separate the liquid part of what was scraped from the barns resulted in the
storage of manures as Farm Yard Manure (FYM) and slurry in an open-air lagoon.

While the former was regularly turned, the latter was not monitored, which has a
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negative impact on the estimated GHG emissions from manure storage, as illustrated in
section 3.3.2.

Farm J was the smallest farm in the study, with just 28.33 ha. of pasture for mixed
livestock that included local rare breed beef, ewes, geese and chicken. Farmer J had
bought the farm in 2005 and converted it from a conventional dairy farm to a certified
organic, family-run mixed livestock farm under OELS agreement. Labour force was
cited as a major factor in determining what could be done on the farm.

Farm N was a 170 ha. organic dairy farm with pasture-fed production, under HLS
agreement. Like Farm A, stock was housed for a very limited time and like Farm J, this
was a family-run farm. In this case, however, Farmer N was the third generation owner
of the farm and showed great attachment to his business, which reflected in his

statement concerning labour force:

“When you pay people, you want return on it.”(Farmer N)

The characteristics of these 4 farms could suggest that regardless of size, type of
livestock or farmers’ background, labour force availability can become an obstacle to
the implementation of practices such as increasing the frequency of manure removal
from housing units, even if the stock is housed for limited periods of time. However,
Farm A and J scored well in the assessment, Farm | and N did not score well but only
Farm N adopted changes and reduced the impact of the emissions from housing
facilities. Moreover, Farmers B, E, G, H and K also scored negatively in the section
related to housing management and Farms G, H and K were all family-run with
effectively just the farmer working on the farm, but they did not cite labour force as a
problem. Three (3) of them were tenant farmers and 2 owned the farm. Farm B and E

were not under any environmental scheme and only Farm G was under HLS. Therefore,
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based on these results, it is not possible to identify common characteristics among these
farms and their tenant farmers or owners which could illustrate why farmers may cite
labour force availability as a positive or negative influence on farmers’ uptake of

innovation.

Limited space available for manure storage, cited by 6 farmers: Farmers A, C, G, J, K
and N. Increasing the frequency of manure removal results in the need for adequate
manure storage on farm. Section 6.2.3 addresses in more detail the difficulties of
farmers may encounter in building facilities dedicated to manure storage and treatment.
What can be interesting in this case is that all of the farmers who cited labour force
availability as a problem (Farmers A, J and N), except Farmer I, also cited limited space
for manure storage to be an obstacle. These conditions affected the frequency of turning
of FYM because even if there was sufficient space to manoeuvre the machinery, the
facilities did not provide enough floor space with adequate surfacing where to turn the
manure heap.

The characteristics of Farms C, G and K were also rather different in terms of size and
production, ranging from Farm C with 360 ha. farmed half as arable (fodder) and half as
pasture, under HLS agreement; to Farm G with 137.59 ha. of pasture for organic beef
cattle, of which approx. 16 ha. on rotation with vegetable production, under both OELS
and HLS agreements and Farm K with 50 ha. beef cattle farm under OELS (Table 6.5).
Therefore, at this stage, no common farm characteristic seems to emerge as possible

influence on the adoption of change.
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Table 6.5 Profiles of farmers who cited problems linked to limited space available for manure storage.

Farm | Size Category | Livestock Organic Ownership ESS Mitigation Change
(ha)® Certification

A 101-200 beef No Manager HLS Yes No

C 301-400 dairy No Owner HLS Yes No

G 101-200 beef, sheep, Yes Tenant ELS, HLS No No

vegetables

J <100 beef, sheep, poultry | Yes Owner OELS Yes No

K <100 beef Yes Owner OELS No No

N 101-200 dairy Yes Owner HLS No Yes

Keys: ? Including arable land for fodder; ESS: Environmental Stewardship Schemes.
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Limited financial capital available to make improvements and changes in livestock
housing facilities was cited by 10 farmers, which is not uncommon, considering that 11
farms out of 14 overwintered livestock for a short period of time (i.e. 6 weeks to 3

months).

Results show that the farmers who cited limited financial capital as a reason for not
always being able to adopt improvements in their housing management, worked on
farms varying greatly in size and type of livestock (Table 6.6). However, many of these
farmers shared common values regarding farming. Farmers C, F, G, H, J, K and N all
relied on farming to support their families and had no other form of income than the one
from their farms. While a change in housing management was not recommended to
Farmers C and J because they were already adopting best practices to reduce GHG
emissions from housing units, Farmers F, G, H, K and N were recommended to improve
their housing management, but only F and N implemented changes. In particular,
Farmer F decided to adopt a completely pasture-based system with no housing at all,
effectively transferring emissions from housing units to practices related to grazing and
pasture management and reducing the amount of labour required to manage livestock
housing efficiently; while Farmer N increased the frequency of manure removal from
housing units, even though he cited labour force availability, limited space for manure
storage and limited financial capital as possible obstacles to his adoption of changes in
housing management. Box 6.2 illustrates possible similarities between Farmer F and

Farmer N.
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Table 6.6 Profiles of farmers who cited problems linked to limited financial capital.

Farm | Size Category | Livestock Organic Ownership ESS Mitigation Change
(ha)? Certification
A 101-200 beef No Manager HLS Yes No
C 301-400 dairy No Owner HLS Yes No
D >501 dairy, sheep Yes Manager ELS, HLS Yes No
E 301-400 dairy Yes Tenant - No No
F <100 sheep, beef, pigs Yes Tenant ELS, HLS No Yes
G 101-200 beef, sheep, Yes Tenant ELS, HLS No No
vegetables
H <100 beef, sheep, pigs Yes Owner OELS No No
I 401-500 dairy Yes Tenant HLS No No
J <100 beef, sheep, poultry | Yes Owner OELS Yes No
K <100 beef Yes Owner OELS No No
L >501 dairy, beef, pigs, Yes Manager OELS Yes No
sheep
N 101-200 dairy Yes Owner HLS No Yes

Keys: ? Including arable land for fodder; ESS: Environmental Stewardship Schemes.
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Box 6.2 Farm ownership and tenancy. Does it matter?

Farm F is a mixed livestock farm situated in Gloucestershire. It obtained full organic
certification in 2011. At the time of the study, livestock included 12 ewes that were
housed just for lambing, a couple of free range pigs and beef cattle was being
introduced. Farmer F had taken on the tenancy of the farm, owned by the National
Trust, 10 years prior to the study and he was very passionate about converting the
production to an entirely pasture-fed system, as well as expanding the sheep and
beef stock. In addition to the ELS agreement the farm was under since 2004, the
farmer had recently signed the HLS agreement in 2012 with the purpose of
managing the land to the best possible standards in order to promote environmental
conservation and sustainable use of agricultural land.

Farm N is a medium sized dairy farm in the West Midlands. The business is family-
run and farmer N is the third generation owner of the farm. He is very proud of his
family history and values, which reflect in the full organic certification obtained in
2006 from the Organic Farmers and Growers Ltd. and the subscription to the HLS
agreement in 2010. Farmer N adopts pasture-fed farming practices, housing his 270
cows only for a limited time during the colder and wetter months. Farmer N showed
similar interest in adopting environmental conservation practices and sustainable use
of resources. The fact that both farmers had personal attachment to their businesses
and lifestyles could suggest that ownership of the farm may not necessarily lead to
greater motivation in overcoming possible financial obstacles in adopting on-farm
innovation.

Given the small sample of farmers, it is not possible at this stage to identify any of the 3
reasons cited above as the main influence behind farmers’ behaviour because farmers
who provided similar responses and cited similar problems reacted in different ways to
the proposed changes. It is reasonable to expect that small family-run farms can be more
susceptible to financial limitations, but results showed that farmers working on larger
farms like Farm A, E or I, that were not run as family businesses (i.e. the farmer was the
manager and no other member of the family was working on the farm) were also
concerned with financial limitations. This aspect will be addressed in more detail in

section 6.4.1, illustrating results not limited to practices related to housing management.
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6.2.3 Manure storage and treatment

The RFPA tool highlighted a series of problems in the storage and treatment of manures
on farm. The barriers encountered are similar to those in the case of livestock housing
practices, as described in section 6.2.2. In spring 2012, only 2 farms out of 14 registered
a neutral impact. All other 12 farms registered a negative impact i.e. lack of mitigation
of GHG emissions (Table 6.7). Two farms with a negative impact adopted changes.
Farm C and Farm M increased the frequency of manure removal and improved their
score in the second assessment in autumn 2012: one reduced the negativity of its GHG
impact and one reached a neutral impact score. The impact of all other farms remained
unchanged over the 6-9 months in between the two assessments. By analysing each
farm’s circumstances, the study aimed to identify common characteristics which may
suggest possible influences on farmers’ uptake of recommendations to mitigate GHG

emissions from manure storage and treatment.

Practices that were already fully or partially adopted by the farms in question included:-

Composting: It is important to consider that organic farms can obtain their certifications
from various bodies (e.g. Soil Association Ltd., Organic Farmers and Growers Ltd.) and
that the requirements for the composting of manures, although similar, may result in
differences in their practical implementation, with a minimum composting time of 6
months before application (Environment Agency, 2012; Soil Association, 2012), that in
some cases is extended for up to 2 years (Farm E) following Soil Association
recommendations. None of the uncertified organic farms composted manure before
using it as fertiliser. The majority of the certified organic farms composted manure, with
the exception of Farms D, H, I and L. It is interesting to note that Farm D, | and L were

the 3 largest farms to participate in the study, with sizes between 480 ha. and 550 ha.
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including arable production for fodder. Even though Farm D and L had a mixed
livestock production, all 3 farms had a dairy production accounting between 100 and
170 cows annually, including the followers. All 3 farmers were tenants, as opposed to
the situation of Farmer H, owner of a 68.8 ha. family-run mixed livestock farm. The fact
that these farms did not compost manures could be linked to the possibility that
adequate space and facilities are not available on-site. However, none of these 4 farmers
cited lack of space to store manure among the problems encountered on farm (Section
6.2.2), but they all cited financial limitations instead, and Farmer 1 cited labour force
availability as well. Specific reasons for not composting manures were not provided by
these farmers, which could suggest that financial limitations were often used as a more
general reason for not implementing innovation or adopting changes in farm
management, regardless of the size of the farm and the possible benefits from practices
that reduce the environmental impact of farms. Results also suggest that individual
responses from farmers do not seem to be related to specific farm characteristics that
would identify the presence or absence of obstacles such as storage space, highlighting
differences that are likely to exist between farmers’ perceptions of an obstacle and
actual presence of the obstacle (i.e. lack of storage space). Further analysis on this
subject will be carried out in section 6.4 covering the wider range of farm practices and

farmers’ attitudes addressed by the study.
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Table 6.7 Estimated increase (+) or reduction (-) in GHG emission mitigation (in %)

and impact of changes in manure storage and treatment.

Farm Spring Change in Autumn
2012 practices 2012
A -20.00 no -20.00
B -30.00 no -30.00
C -10.00 yes -5.00
D -20.00 no -20.00
E -2.50 no -2.50
F 0.00 no 0.00
G -10.00 no -10.00
H -20.00 no -20.00
I -15.00 no -15.00
J 0.00 no 0.00
K -10.00 no -10.00
L -17.50 no -17.50
M -10.00 yes 0.00
N -15.00 no -15.00

Keys:
Green: improvement of on-farm GHG mitigation potential
Red: lack of improvement of on-farm GHG mitigation potential, starting from a

negative mitigation potential score



145

Addition of water, addition of straw: These practices were considered important by all
farmers. However, addition of water and/or straw was not consistent in time, due to lack
of cover on some Farm Yard Manure (FYM) heaps and weather fluctuations (i.e.
rainfall), and the high content of straw from the bedding. Results did not show any
specific relationship between the adoption of these practices and farms’ characteristics.
At the time of the first farm assessment, the 2 farmers who did not implement either of
the practices were Farmer | and Farmer J, whose farms differ greatly in size (485 ha.
and 28.3 ha. respectively), livestock (dairy and beef, sheep, poultry respectively) and
subscription to environmental schemes (HLS and OELS respectively); Farmer | was a
tenant farmer while Farmer J owned the farm. Conversely, the only farmer adopting
both practices was Farmer F, whose profile has been discussed in previous paragraphs
(Box 6.2). All these 3 farmers were interested in interacting with other farmers and local
farmers groups. However, the same can be said of other farmers in the study who did
already implement at least one of these two practices, as well as of Farmer M who was
the only one who adopted changes and introduced additional straw following the
recommendation issued as a result of the first farm assessment. The contents of water
and straw can vary greatly depending on the amount of straw from the bedding and
practices related to housing management, such as complete removal of bedding and
floors cleaning. In particular, it is not unreasonable to expect that farmers could show
scepticism regarding the exact quantity of straw to be added to FYM heaps because of
different percentages of straw already being present at the moment of storing manure
mixed with bedding collected from housing units. However, the RFPA tool used to
assess farms in this study did not aimed to provide such detailed recommendations, but
rather to identify problematic practices and raise awareness among farmers of the GHG
emission mitigation strategies that could help them reduce their farms’ impact in the

future. Therefore, during the study emphasis was put on ensuring that fresh straw was
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added regularly to housing units in order to have reasonable amounts of straw in the

FYM heaps.

Turning: Farmers expressed difficulties in turning FYM heaps because of lack of
adjacent space to manoeuver the machinery (Farms A, H and J), while others (Farms C
and N) followed the recommendation of turning the heaps monthly before application to
field. Interestingly, both uncertified organic farms A and C were not turning their FYM
heaps. The other uncertified organic farm, Farm B, had no FYM heaps because ewes
were kept on pasture all year long. As illustrated in Table 6.6 the only common
characteristic between Farms A and C is that they were both under HLS agreement,
which requires farmers to adopt a manure management plan to ensure the correct use of
manures. Both farms had a manure management plan and both had cited limited space
for manure storage as possible obstacles. Nevertheless, only Farm C adopted the
practice of turning FYM heaps monthly before application to field, as recommend after
the first farm assessment. Farmer A is a young farm manager, while Farmer C is a
second generation farmer over 80 years of age. Both are well linked to local farmers
groups and showed great passion about farming using the most environmentally
friendly practices in order to produce good quality food. However, their reaction to the
proposed change in FYM heaps turning was different. The owner of Farm C even
expressed interest in installing pipes under the manure storage system to generate
electricity from the heat produced by the storage system. However, the financial
investment necessary is currently preventing the farmer from implementing this
solution.

These results show that even though both farmers were facing similar obstacles
logistically and financially, it could be reasonable to suggest that in this situation

Farmer A decided to adopt changes that he may have perceived as having a more
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valuable long-term return in terms of efficiency of production. In particular, taking into
account practices related to the application of manure to field (Section 6.2.5), Farmer A
decided to introduce regular manure analysis in order to ensure efficient manure and
nutrient management, and he did not try to adopt monthly turning of FYM even though
the amount of manure produced by his 37 beef cattle herd during overwintering was not
to be considered large and unmanageable. Farmer C, however, who like Farmer A was
also recommended to analyse manure regularly, did not adopt such practice. His

experience is described in Box 6.3.

Such results once again show that individuals placed in similar circumstances and
presented with similar options may choose one route instead of another. In this case, a
possible explanation could be that the cost of manure analysis is easily quantifiable and
can be added to the farm annual budget. The actual cost of turning the manure on a
monthly basis or the addition of water and/or straw to the FYM heaps can perceived as
less quantifiable or perhaps their cost is not perceived as easy to single out and budget
for (i.e. cost of fuel for the machinery and cost of labour). When facing financial
limitations and logistic problems, Farmer C showed an approach that could perhaps be
described as holistic in terms of farm management, including an additional task i.e.
monthly turning of FYM heaps, within the activities carried out regularly on farm;
while Farm A showed a more managerial approach by preferring to invest in manure
analysis first and plan changes in the future, but not necessarily implementing them

straight away.
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Box 6.3 A conventional farm with a proactive old farmer.

Farm C is a conventional dairy farm in Gloucestershire, run by the current owner, a second
generation farmer of more than 80 years of age. The farm is managed following organic
principles, although the farm does not hold organic certification. The farm is situated within
a Nitrate Vulnerable Zone (NVZ) and it has taken part in the Higher Level Stewardship
scheme. The size of the farm is 360 ha., of which 180 ha. are used as pasture, with long
term ley and permanent grass, while the remaining 180 ha. is arable land for the production
of fodder. The size of the herd is around 350 animals. Animals are separated by age, with
varying housing times depending on the stage of production. Young stocks are kept on
pasture all year long, 20 animals during the winter and 40-60 during the summer. Male
calves are reared for beef on pasture, following grazing rotational patterns.

In spite of his age, Farmer C is a very hands-on farmer. He supervises every single
operation on farm and he is helped with the farm activities by 2 labourers: one helps
running the milk and yogurt processing unit adjacent the main farm buildings; the other one
is a part-time worker. Additional labour is contracted during the year depending on
necessity (i.e. harvesting, calving season) and financial availability.

Farm C is a family-run business and Farmer C is passionate about producing good quality
produce for the community. Farm C produces fresh milk and yogurt which, along with a
small amount of beef, are sold locally at farmers’ markets in the area by Farmer C’s wife
and children. Farmer C is very conscious about the importance of optimum dietary
management for his business and he follows a textbook with dairy cattle nutritional
guidelines. Great attention is given to grazing rotations to ensure animals graze on good
pastures and do not damage the soil excessively.

Financial limitations have been an obstacle in recent years, but housing management has
remained efficient thanks to previous investments in a scraping system when the business
was run as an intensive dairy farm without animals on pasture. The scraping system
considerably facilitated the cleaning of the bedded areas and reduced labour hours, even
after the intensive production was replaced by a pasture-based one. However, during the
first farm assessment, the storage of FYM was found to be simply a heap in a small area
with concrete flooring. The heap was not turned monthly and manure was not treated in any
way before application to field at least 6 months later. Improvements in manure storage and
the introduction of regular manure analyses were recommended to Farmer C, who initially
cited finances and labour as his major concerns, as well as the fact that the area with
concrete floor available for storage was limited. However, at the second farm assessment,
Farmer C agreed that improvements in manure storage were much needed. He explained
that he considered manure analysis a cost he could not afford at that time and preferred to
manoeuver machinery more frequently on-site in order to turn the FYM monthly. Financial
limitations were still a great concern for Farmer C, as potentially, any change in practices
could have resulted in additional costs in terms of fuel, labour and time. But after reading
the first farm assessment and the recommendations given to him, he managed to slot in
some improvements, like turning the FYM heap monthly, in the farm’s routine activities.
This farmer’s experience shows that there can be scope for improvements in farm
management and small steps can be taken by farmers even when the lack of financial capital
and/or labour could be perceived by them as obstacles too difficult to overcome.
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When considering the organic farms in the study, Farms J, L and M were already
turning the manure heaps regularly. Of all the other farms, only Farm N decided to
adopt this practice following recommendation after the first farm assessment, even
though he pointed out storage space and labour as possible obstacles, but he agreed that
he could overcome these problems by managing more efficiently the scraping of the
housing units and the location of the FYM heap, so as to insert a monthly turn of the
heap within the daily scraping routines. A common characteristic between Farms J, L
and M was the mixed livestock farming system, but their sizes varied greatly, Farm J
being the smallest farm in the study (28.33 ha.), Farm L being the largest (340 ha. of
pasture and 185 ha. of arable land) and Farm M expanding over a combined 350 ha. of
pasture and arable land. Farm M was under HLS agreement, while Farms J and L were
under OELS agreement. Interestingly, Farmer J did cite labour force, storage space and
financial limitations during the farm visit, but he was able to turn the manure heaps on a
monthly basis with careful time planning and manoeuvring of the machinery.

Results do not seem to highlight a common denominator between the organic farms
who did not adopt this practice even after recommendation. Available space was cited
by Farmers G and K, and labour force was cited by Farmer I. No specific obstacles were

cited by other the farmers other than a general reference to financial limitations.

Finally, in the case of monthly turning of manure heaps, results did not highlight
significant similarities among all farms who responded by adopting change. Therefore,
it can be reasonable to believe that individual circumstances may play a significant role

in farmers’ decision making process.
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Practices that registered the greatest barriers to adoption were:-

Slurry separation: Only 4 farms out of 14 (Farms E, I, J and K) had a slurry separation
system in place. Farm E is part of a larger holding. The slurry separation tank was
installed as part of the company investment; therefore, as opposed to Farm C, which is a
small family-run dairy farm, the move wouldn’t have been possible if Farm E was not
part of a larger business.

Farm | had a grid system at one end of the dairy housing unit. During overwintering,
bedding mixed with manure was collected using a scraper and liquid manure separated
from the solids. The latter was stored in uncovered FYM heaps; the former stored in an
open-air lagoon until spreading on field.

Farm J converted from small-scale dairy production to small-scale mixed livestock
without any dairy cattle. One of the 2 small housing units retained an under-floor slurry
tank that collected slurry during overwintering and was emptied by the farmer twice a
year.

Farm K had a small concrete tank where manure scraped from the overwintering
housing unit was collected and liquid waste drained into a smaller tank via a piping
system. The farm produced very limited amounts of manure and no further investment
was made to improve the collection system.

All other farms considered slurry separation a costly practice that may affect their
budgets. As an example, the manager of Farm D considered the option and sought

advice from experienced consultants, who considered it not viable.

Use of covers: This practice can be difficult to implement in extensive low-input
systems when additional investments are required. FYM heaps also did not have covers

on any of the farms in the study. The heaps were left on field or on a concrete surfaced
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area near the housing units. The owner of Farm N had attempted to use a system of
tarpaulin and tyres to cover the FYM heap, but the farm is located in a windy valley;
therefore the system was abandoned.

As shown in chapter 3, airtight covers provide the most effective mitigation results as
they allow the collection of gases from the manure stores, which can be then used to
provide energy and heating. However, airtight covers are likely to be more expensive
and adequate piping and ventilation systems would be required. Four farmers out of 14
had a slurry collection system, but no airtight covers were installed. In 2 cases (Farms E
and J), the slurry tank was covered by a roof, while in the other 2 cases (Farms | and K)
the tank had no cover of any kind. Interestingly, Farms J and K were the 2 smallest
farms in the study, both under OELS and both farmers owned their farms. Instead,
Farms E and | were both dairy farms, their size differed had (i.e between 100-110 dairy
cows with followers on Farm 1, and 250 dairy cows with followers on Farm E). Both
farmers were managers, but no other common characteristics were found between the
two. In the case of the two small farms (Farms J and K), the slurry was collected from
overwintered beef cattle and the structure of the housing units allowed the collection of
slurry without additional labour for the farmers, who were both the sole workers on site.
No additional structure was present on Farm K to provide a roof or any other type of
cover to the slurry tank, as Farmer K preferred not to invest in these facilities. The same
reaction was shown by Farmer I: the slurry lagoon did not have a cover when he took
over the tenancy of the farm and he preferred not to invest in one. The facilities at Farm
E were such that the slurry tank was covered by a roof.

There does not seem to be a specific obstacle to adoption of covers on slurry tanks other
than the possible financial implications of having to build additional facilities. However,
studies using a larger sample of farms with similar characteristics would be needed to

further investigate the potential for adoption of such practice.
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Finally, these results lead to some important considerations. Farm buildings had limited
space available for manure stores (i.e. composting before application to field) with
concrete floors, appropriate drainage and sewage system, storage for liquid leaks
collected from manure pits and appropriate cover of both solid and liquid storage
systems. However, the provision of adequate facilities did not always depend on the size
of the farm, but rather on the type of management adopted i.e. half the farms in this
study had less than 150 cows, overwintered for 6-8 weeks. It can be reasonable to
expect that the small size of these farms could not offer much margin within the annual
farm budgets for improvement of the facilities destined to manure storage and
treatment. In order to build storage facilities, provide cover to manure heaps and slurry
tanks, install drainage and collection systems, a capital investment is needed. However,
some farmers on farms with smaller stocks, as well as others working with larger
stocks, were reluctant to invest capital in additional facilities because of the labour that
their maintenance would have involved and the limited space some farms could allocate
to the collection and treatment of waste.

The results show that farmers may find it difficult to see the connection between
investment in manure storage and treatment and increased productivity. Contrary to
what happens with mitigation options related to dietary management, which match good
practices that ensure optimum balance between nutritional inputs and productivity, in
the case of manure storage and treatment, the impact on farm productivity is indirect.
For instance, composting manure produces organic fertiliser that will benefit the
pastures and / or the crop production, where present. The farms visited compost manure
following organic regulations, where applicable. However, as it has been mentioned
earlier, in the case of farms where livestock is entirely pasture-fed or it is overwintered
for a limited length of time (i.e. 6-8 weeks) depending on weather conditions, the

amount of manure produced only influences productivity in terms of the amount of
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organic fertiliser available for field application. In some cases i.e. Farms A, E and K,
the amount of manure collected in FYM heaps during the overwintering period is not
sufficient to fertilise the whole of the farm land surface area. Farm H had as little as 30
suckler cows overwintered for up to 2 months. In these conditions, it is not
unreasonable to expect that farmers may be reluctant to invest or to apply for grants, in
order to build small capacity manure storage systems that may provide limited cost-
effectiveness. Such obstacles and financial limitations which may affect farmers’ uptake

of on-farm innovation will be addressed in more detail in section 6.4.

6.2.4 Grazing and pasture management

Grazing and pasture management mitigation options are directly affecting productivity
of farms with livestock grazing for most of the year, as pasture represents the primary
source of feed. Therefore, it is reasonable to expect that, as has been discussed
previously in section 6.2.1, farmers pay close attention to pasture management. Overall,
farms implemented good agricultural practices related to grazing and pasture
management (Table 6.8). Mitigation options proposed to farmers included monitoring
of stocking rates, grazing times (i.e. weather conditions), rotational grazing and the use
of feed pads on pasture; optimal pasture management with legumes on pasture and
frequent rotations to allow livestock to graze on younger pasture; and soil management
practices to avoid compaction, waterlogging, run off and poaching, such as the
installation of drainage systems and fences to adopt strip grazing systems. Overall,
stocking rates were closely monitored by farmers, rotational systems were adopted and

legumes included in seed mixes.
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Table 6.8 Estimated increase (+) or reduction (-) in GHG emission mitigation (in %) and

impact of changes in grazing and pasture management.

Farm Spring Change in Autumn

2012 practices 2012

A 14.20 no 14.20
B 18.60 no 18.60
C 15.10 no 15.10
D 8.30 no 8.30
E 11.90 no 11.90
F -6.70 yes 6.70
G 1.60 no 1.60
H -4.00 no -4.00
I 12.90 no 12.90
J 1.30 yes 4.70
K 14.20 no 14.20
L 23.10 no 23.10
M 1.70 no 1.70
N 17.50 no 17.50

Keys:
Green: improvement of on-farm GHG mitigation potential
Red: lack of improvement of on-farm GHG mitigation potential, starting from a

negative mitigation potential score
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A total of 10 farms out of 14 scored positively at the first farm assessment. Only 2
farms scored negatively, Farm F and Farm H. They both had a similar approach to soil
management, with the advantage of a flat land surface area in the case of Farm F.

In terms of pasture and livestock management, the greatest problem encountered by
Farm F was the very limited amount of legumes on pasture, while other practices did
not constitute a problem, especially because of the very low stocking rate on the farm.
The farm converted to an entirely pasture-based system and re-seeded pasture with
mixes containing higher percentage of legumes, therefore improving the farm’s
mitigation score during the second assessment in autumn 2012

Conversely, Farm H had problems regarding the management of a higher stocking rate
on rotation on sloped fields and the impossibility of reducing the stocking rate or
increasing the frequency of rotations due to lack of labour force. The farm obtained a
negative assessment score at the first visit but no changes were implemented to improve
the score. The farmer agreed on the need for improvement and he showed great interest
in strip grazing and the “mob grazing” technique (Savory, 1991), where daily rotations
of livestock in smaller paddocks result in areas being grazed intensively for short
periods of time, at 120 days intervals. However, the farmer encountered obstacles
related to the amount of labour required to install adequate fencing and move the herd
daily. Moreover, the farm being located in a rainy area in Cornwall, with heavy soils
and sloped pastures, strip grazing couldn’t always be adopted. Therefore, the farmer
closely monitored the stocking rate to ensure optimum grazing density and soil
management.

Interestingly, both farms had similar size (i.e. 73.4 ha. Farm F and 68.8 ha. Farm H) and
both businesses were family-run, with just the farmer working on-site. Farm F was
under ELS and HLS, while Farm H was under OELS. Farmer H occasionally organised

farm visits for local schools and both farmers showed interest in issues regarding
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environmental conservation and carbon sequestration within the range of services
agriculture can provide to society. Moreover, both Farmer F and H participated in the
activities of their local farmers’ groups and showed interest in peer-to-peer knowledge
exchange. However, on the one hand, Farmer F managed to adopt some changes, which
required him to work with a seed supplier to find the most appropriate legume-rich seed
mix to use under his HLS agreement; on the other hand, in spite of showing interest in
innovation, Farmer H did not adopt any changes to his farm management. The
recommendation given to Farmer H required additional labour. Therefore, it is
reasonable to suggest that in the case of small farms with similar characteristics, like

Farm F and H, labour could have a great influence on farmers’ decision-making.

Farms E and J were advised to install a drainage system in order to improve soil
management. Farm E, being part of a larger holding, agreed to introduce the matter to
the higher management and, in the meantime, work towards improving soil conditions
by installing additional fencing and adopting strip grazing with an increased frequency
of rotations. Farm J was family-run, pasture-based, organic mixed livestock farm, like
Farm H, with greater problems with drainage in one field in particular, but could not
afford installing a drainage system. The interesting result is that Farm J had already
obtained a positive score at the first assessment of its practices relating to grazing and
pasture management; therefore, changes in this section of farm management were not
recommended, but rather advised to further improve the overall score. Nevertheless,
Farmer J decided to adopt some changes to compensate the lack of a drainage system,
such as strict control of the stocking rate and increasing the frequency of rotations to
minimize poaching. Both Farmer H and J owned their mixed-livestock farms, both were
interested in wider environmental issues related to agriculture and farming, and both

participated in knowledge exchange activities via their local farmers groups. The only
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difference between the two cases was the size of the farm i.e. Farm H was a little more
than twice the size of Farm J, hence the likelihood of labour force being a greater issue
for Farm H than for Farm J. Therefore, a larger sample of small farms with similar
characteristics to those of Farm H and J would need to be analysed in order to obtain a
better understanding of the opportunities for GHG emission mitigation from grazing

and pasture management.

All farmers in the study stated that good care of pastures and soils in the long-run
reflects on productivity and animal health and welfare. Moreover, half the farmers
interviewed showed interest in carbon sequestration as a possible way to ensure good
long-term soil health and nutrient management. Among these farmers no prevalence
was found of either owners rather than tenant farmers, or of farmers working on smaller
rather larger farms. Indeed, it is also not unreasonable to believe that some farmers
might be interested in soil sequestration as a potential source of income in terms of farm
subsidies, although this particular topic was not investigated during the study.

Even though the majority of farmers adopted good grazing and pasture management
practices, most of the scepticism showed by farmers was related to the uncertainty
regarding the actual benefits in terms of GHG emissions reduction and how a change in
practices is reflected in a carbon footprint report. Emissions from soils are more
difficult to measure, due to obvious practical reasons and the multitude of variables
affecting the accuracy of model predictions (Asseng et al., 2013; Rotter et al., 2013).
Farmers’ interest and trust in the scientific basis behind GHG emission mitigation will

be addressed in more detail in section 6.4.3.
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6.2.5 Manure application to field

The majority of the farms which participated in the study obtained a positive mitigation
score at the visit assessment (Table 6.9), which shows that, regardless of farm
characteristics such as size, type of farm, environmental schemes, tenancy or ownership
of the business, farmers apply good agricultural practices, such as avoiding manure
application in autumn or to soils with high moisture content. Manure spreading and
injection were also adopted; while split applications and application of manure mixed
with green waste had limited implementation because some farmers did not have access
to green waste or the amount of manure to be applied on field was very limited.
However, it is important to remember that the RFPA used to assess the farms was
designed so that farm scores were only negatively affected when a practice considered

applicable within the farming system was not adopted.
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Table 6.9 Estimated increase (+) or reduction (-) in GHG emission mitigation (in %)

and impact of changes in manure application to field.

Farm Spring Change in  Autumn

2012 practices 2012

A -6.30 yes 3.80
B 12.50 no 12.50
C -3.80 yes 3.80
D 9.20 no 9.20
E 12.50 no 12.50
F 9.20 no 9.20
G 5.00 no 5.00
H 11.30 no 11.30
I 12.90 no 12.90
J 8.80 no 8.80
K 3.80 no 3.80
L 12.50 no 12.50
M 3.80 no 3.80
N 9.20 no 9.20

Keys:
Green: improvement of on-farm GHG mitigation potential
Red: lack of improvement of on-farm GHG mitigation potential, starting from a

negative mitigation potential score
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The only 2 farms that scored negatively during the first assessment were Farm A and
Farm C. Both were uncertified organic farms under HLS agreement, but farmers
followed organic principles. They were quite different in size and type of livestock. At
the time of the first assessment, Farm A included 56 ha. of pasture for a total of 37 beef
cows and follower, and 126 ha. of arable production for fodder; Farm C had 180 ha. of
pasture for 350 dairy cows and further 180 ha. for arable production for fodder. Both
stocks were housed for a limited time during the winter months, as farmers preferred
pasture-based farming principles. Differences were also found in the farmers’
characteristics. Farmer A was the farm manager, while Farmer C was a second
generation owner of the business. Nevertheless, as a result of the recommendations
proposed to them in order to improve their management of manure application to soil,
both farmers implemented changes that led to a positive score during the second farm
assessment in autumn 2012. Farm A had recently approved a manure management plan
and, by the time of the second assessment, manure analysis and forage analysis had
been carried out to ensure optimum nutrient management. Even though application of
manure in autumn could not be avoided for reasons linked to crop cultivation, the
farmer ensured that manure was not to be applied on soils during wetter days.
Conversely, Farm C avoided the application of manure during the colder and wetter

months, therefore scoring positively at the second assessment.

These results lead to some important considerations. Machinery necessary to apply
slurry may represent a barrier to adopt the optimum type of application (i.e. injection),
as the deeper the manure is applied to soil, the fewer emissions are registered (Eckard et
al., 2010). However, adequate machinery may not be available to the farmer. As an
example, the manager of Farm E had a good relationship with the contractor that

provided farm machinery for the larger holding Farm E is part of and, therefore, he
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could replace slurry spreading with injection to ensure optimum depth of application.
This situation may not be possible in other contexts, based on the amounts of slurry

produced, such as in the case of the 8 family-run farms that participated in the study.

Furthermore, it is important to remember that NVZ restrictions and organic legislation
influence some agricultural practices related to the application of manure. The results of
the farm assessments did not show a direct relationship between mitigation strategies
related to manure application to field and farms being located within a NVZ. However,
it is reasonable to expect that good agricultural practices and restrictions under NVZ
regulation match with practices that are estimated to reduce emissions. Therefore,
further detailed investigation is advised on this subject.

It has been mentioned in section 6.2.3 that manure has to be composted prior to
application. Therefore, the timing of collection and the duration of composting
influence the timing of application. The application mixed with green waste may also be
less feasible in reality, as 13 farms out of 14 did not have access to green waste material
that could be added to the compost pile.

Another important factor to take into account is weather conditions. Although it is
advised to avoid manure application in autumn to reduce N losses from cold and wet
conditions, spring may not have better weather conditions, as weather can be
unpredictable and unstable for a length of time. Moreover, farms with arable production
such as winter crops may need to apply manure in the autumn.

Furthermore, when comparing the characteristics of the farms that scored negatively
and whose farmers were recommended to adopted changes, with the characteristics of
the other farmers in the study, results show that all 11 organic farms scored positively
and did not implement changes, but only 1 (Farm B) out of 3 uncertified organic farms

scored positively and the other 2 farms (Farms A and C) scoring negatively, but they
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both adopted changes following recommendations. This could suggest that the
management of manure application to field is more effective in mitigating emissions on
farms that strictly follow organic principles. However, the small sample size of this
study does not allow for generalisation of these results and a greater sample
representative of the characteristics of both farms and farmers (i.e. size, farming system,
type of livestock, tenancy or ownership, labour force, farmers’ age or education) is
needed to compare organic and conventional farming systems in terms feasibility of

GHG emission mitigation strategies.

Finally, the greater obstacles encountered to the improvement of farm practices in this
section can be ascribed to the use of contractors to apply manure to field. This factor
influences the type of application based on pre-existing contracts and on the possible
additional costs farmers may encounter if changing application method. However, it has
to be noted that the farmers interviewed do not produce large amounts of manure or
slurry, as explained in section 6.2.3. In the majority of farms, the amount of manure
collected during the overwintering was not sufficient to fertilise the entire farm land
surface area, without additional organic fertiliser brought in and the manure being

applied primarily to arable land.

The changes observed between early spring and autumn 2012 showed that farms can
have a certain margin for improvement in management practices in spite of practical
obstacles related to the infrastructure available, possible lack of space for additional
manure storage facilities and the use of contractors, in particular to apply manure on
field. However, no common farms’ or farmers’ characteristics were highlighted as
possible obstacles or incentives to the adoption of on-farm innovation. The next part of

the study set to identify other possible obstacles that may be related to farmer’s attitudes
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and perception of GHG mitigation. The following illustrates the results of farmer

engagement activities.

6.3 Farmer engagement

This section illustrates the results of farmer engagement at different stages during the
study. Initially, feedback is given on the methodology used and the application of the
RFPA tool. Then farmers’ attitudes and perceptions of GHG emission mitigation are
evaluated, followed by the results from the focus group meeting organised in February

2013 as final stage of the study.

6.3.1 Rapid Farm Practices Assessment tool

All farmers were asked to provide their feedback on the Rapid Farm Practices
Assessment (RFPA) tool described in section 5.3.1, by filling out a feedback form
enclosed with the farm assessment report submitted to them after the first visit in spring
2012. Although only 11 farmers provided formal feedback, overall the RFPA tool was

well received (Figure 6.5) and farmers showed interest in the methodology used.



164

Figure 6.5 First visit report feedback survey. Farmers were asked to give a score to each

survey question, ranging from “not at all satisfied” to “extremely satisfied” (n = 11).
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During the interviews in autumn 2012, eight out of 14 farmers (Farmers B, C, G, J, K,
L, M and N) expressed scepticism over carbon footprinting tools for agri-businesses.
Among the reasons provided, farmers included “grey areas of carbon accounting”
(Farmer H), in particular the uncertainty regarding calculations of emissions originating
from pasture and grazing. Even though 2 farmers openly stated they did not trust current
carbon footprinting tools as they did not believe the tools reflect the real situation on
their farms (J and K), 9 out of 14 farmers (Farmers A, F, G, H, I, J, K, M and N)
expressed interest in opportunities for improving carbon sequestration on their pasture.
These farmers were not sure that the current free carbon calculators are accurate and
valuable tools to help them assess carbon sequestration and therefore obtain a balanced
footprint which takes into account not only emissions, but sequestration as well. The
following paragraph will further discuss farmers’ attitudes to climate change, including

their perceptions and opinions of current carbon footprint calculators.

It is important to consider that the tool created for the purpose of this study focuses on
specific farm practices, providing an estimate of the emission mitigation for each
practice, which could be a reason for its appeal to all the farmers interviewed. The
dislike of carbon footprinting tools may be related to the fact that carbon calculators
require farmers to look for and input relatively large amounts of data regarding their
farm inputs, outputs and livestock. Conversely, the farmers interviewed considered the
approach taken by the RFPA tool to be more useful in providing practical alternatives to
practices that generate the greatest GHG emissions, rather than a series of figures to
represent the sources of emissions. Eleven farmers responded to a feedback survey on
the report they received. The results showed that 9 out of 11 farmers found the farm
assessment reports easy to understand and 10 out of 11 farmers considered the

information provided to be extremely or very clear, in particular the short descriptions
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that included scientific information regarding the reasons why a given practice was
considered beneficial for mitigating on-farm GHG emissions. In his feedback, one
farmer stated that the report contained “some interesting material that I was not

previously conscious of” (Farmer N).

The study showed that the methodology was also well accepted by farmers, mostly
because of its practical approach to GHG emission mitigation and the clearness of the
information provided to the farmers. The results support what was found by Islam et al.
(2013) and Llewellyn (2007) regarding the likeliness of farmers accepting advice being
dependent on the transparency and clearness of communication of agricultural extension
officers and/or researchers. Moreover, the RFPA tool represents a Decision Support
System (DSS) that does not function as proxy for farmers, but rather as an actual tool
that translates science-based information into valuable practical recommendations, and
therefore it is more likely to be accepted by farmers (McCown, 2002).

Finally, the results showed that the RFPA tool has the potential for engagement with
farmers on a wider scale, by using a relatively simple approach that translates complex
scientific knowledge into practical farm advice; in other words, a practical example of

translational research.

6.3.2 Farmers’ attitudes and perceptions of GHG mitigation

During the second farm visit in autumn 2012, semi-structured interviews were carried
out to gather data on farmer decision-making process, as described in section 5.3.2
(Table 5.1). Factor evaluation was based on the percentage of farmers citing a factor as
a positive, negative or neutral in influencing the way they take decisions (Figure 6.6).
Results show that the factors with the greatest positive influence are the trust in the

advisor and the interest in environmental matters; while the factors most negatively
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affecting farmers are represented by financial limitations and the lack of trust in
government action (Table 6.10). The results seem to be in line with what discussed in
chapter 4 regarding Participatory Action Research and the interaction between
extension officers and farmers, although the observation should be treated with caution
due to the low sample size. Further discussion on the greatest obstacles and

opportunities found in the survey follows in sections 6.4 and 6.5.
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Figure 6.6 Impact of factors influencing farmer decision-making (n = 17). Note: refer to Table 5.1 for factors description.
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Table 6.10 Factors with the greatest impact on farmer decision-making, based on the

percentage of responses (n=17).

Impact | Factor Percentage
(%)
Positive | S1. Trust in source of recommendations (individual) 92.9
Enl. Interest in conservation and environmental matters 67.1
P2.Trust in source of recommendations (institution) 65.7
T3. User-friendliness of assessment tools 57.1
S2. Community support and/or engagement 50
Negative | E1. Financial constraints (limited budget) 70
P1. Trust in official reports, government 62.9
P3. Support in integrating environmental schemes and 52.9
GHG emissions reduction
P4. Bureaucracy linked to obtaining grants 51.4
T1. Trust in scientific basis 514
E2. Reluctance to change (current management is viable) 50
Neutral E3. Budget management support (farm accounting) 78.6
E5. Labour force availability 65.7
E4. Cost of agricultural consultants 60
En2. Interest in renewable energies 57.1

Categories of factors: P: Political; E: Economic; S: Social; T: Technological; En:

Environmental.
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6.3.2.1 Political factors

Political factors assessed by the survey included trust in official reports i.e. government
(DEFRA, Environment Agency); trust in source of recommendations (institution) i.e.
research centres, universities, associations; support in integrating Environmental
Stewardship schemes (i.e. ELS, OELS, HLS) and GHG emissions reduction; and the

level of bureaucracy linked to obtaining grants.

Most farmers, including 2 working on uncertified organic farms (Farmers B, C, E, F, G,
J, K, M and N), stated that they do not trust in government action and this has a
negative impact on their acceptance of recommendations from government bodies.
Therefore, it is reasonable to expect that farmers’ uptake of innovation leading to
changes in farm practices could be affected. However, Farmers A, D, | and L stated that
this particular factor had no influence on their decisions. None of these farmers works
on a family-run farm. Conversely, all but Farms E and M are family-run businesses.
This could suggest that farmers running family businesses, whether as owners or
tenants, could have a different attitude to government and policies, perhaps showing
more scepticism over changes that could damage the long-term sustainability of their
families’ livelihood. On the other hand, it is also reasonable to expect that long-term
sustainability may require adaptation to changing environments and market pressures in
order to ensure the viability of a business. However, the reasons given by these farmers
included the fact that they perceive the recommendations offered by the government as
not matching with their type of farm and their beliefs. Farmer K runs a small 50 ha. beef
cattle farm with his wife. He stated that “most [recommendations] are not relevant to
our type of farm, low input organic and most reports are tailored for maximum
production” (Farmer K). Others, like Farmers M and N, citied lobbying and

politicisation as reasons for their low level of trust in government policies. Farms M and
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N are different in size and livestock, the former being a mixed livestock farm spread
over 350 ha. of land; the latter being a dairy farm on 170 ha. owned by Farmer N.
However, both are pasture-fed certified organic businesses and both are under HLS
schemes. The fact that they are under environmental schemes could suggest that in spite
of their lack of trust in government policies, certain types of legislation can be accepted
when farmers see benefits for their businesses, perhaps not only from a financial point

of view. Further analysis of this matter is discussed in sections 6.4.1 and 6.4.2.

An interesting finding from the survey is that the negative impact of the lack of trust in
government action did not prevent Farmers C, F, J, M and N from adopting changes in
farm practices as a result from the farm assessments carried out during the field study,
suggesting that other factors may play more important roles in shaping farmers’
decisions. The responses given by the farmers with similar farms may differ greatly, as
illustrated in Box 6.4. Not all farmers who cited a lack of trust in governmental action
also considered the bureaucracy linked to obtaining grants and the lack of support in
integrating environmental schemes and GHG emission mitigation as negative influences
on their decision-making. Moreover, the majority of farmers (Farmers A, B, C, D, E, G,
I, J, M and N) stated that the trust in the source of recommendations (i.e. institution) has
a positive influence on their adoption of changes, in particular the trust in institutions
which hold a good reputation at national and/or international level, such as, for instance,
the Soil Association or specific divisions of the Agriculture and Horticulture
Development Board (AHDB) e.g. EBLEX or HGCA. The fact that such institutions
may carry out research utilising government funding does not seem to be reflected in
farmers’ responses, suggesting that farmers’ attitudes to change and innovation are
greatly influenced by their perception of government action and, perhaps, the

politicisation of it, pushing farmers to look for what they perceive as reputable
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information independent from the government, even though in reality that might not be

the case.

Box 6.4 Trust in the source of recommendations. A nebulous political business?

Farmers F and H run similar businesses; the former is in Gloucestershire, the latter in
Cornwall. Both farms are organic, pasture-fed, mixed livestock farms and they also have
similar size (73.4 ha. farm F and 68.8 ha. Farm H). A limited amount of land is destined to
arable production to complement livestock feed during the winter months. Livestock
includes beef and sheep. Farmer F has been a tenant on the farm since 2004, while Farmer H
is running the family farm. Both farmers utilise very limited labour on farm and both farms
are run as family businesses.

During the study, Farmers F and H showed similar attitudes to farming, embracing a simple
lifestyle focused on producing good quality food following the most environmentally
sustainable practices. Farm F is farmed under ELS and HLS; while Farm H is just under
OELS agreement. They are both active members of their local farmers’ groups and they
showed great interest in innovation and progress in terms of agricultural sustainability,
within the farming system of their choice, notably low input extensive organic farming.

However, their responses to the farmers’ attitudes survey were very different, in particular
regarding the political factors that may exercise an influence on the decisions they take for
their businesses. While both farmers considered the lack of support in integrating
environmental schemes with GHG emission mitigation to be a negative influence, citing as
biggest obstacle the practicability of conflicting advice from subsequent environmental
policies, Farmer H also considered the level of bureaucracy in obtaining grants to have a
negative impact on his farm, but Farmer F did not consider this aspect to have an influence
at all in his case, although he acknowledged that it may become an issue in the future. The
most interesting result is that while Farmer F’s response seems to align itself to that of the
other family-run business in the study, by citing the lack of trust in government action to
have a negative impact on his farm, Farmer H stated this factor actually has a positive
impact and he stated he “will follow legislation ”. The key to such discording results may
reside in the fact that both farmers stated that they do not always trust in the source of
recommendations (i.e. institution) regarding GHG emission mitigation and may follow
reports and advice from reputable research institutions only in the case such advice matches
with their farm profile and their belief in low input organic farming.

Therefore, it could be possible that both farmers value the source of recommendations
greatly and their scepticism is reflected in different attitudes towards the government as a
result of their own perceptions of the impact government action is having on their
businesses. One farmer seemed more affected by bureaucracy (Farmer H) while the other
seemed more affected by the contents of official reports and handbooks provided by the
government. However, Farmer F did implement some changes on his farm, overcoming
possible bureaucratic obstacles, but Farmer H did not implement any changes on his farm.
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6.3.2.2 Economic factors

Among the economic factors assessed by the survey, limited budgets was considered a
negative influence on farmers’ decision-making by all farmers, except by Farmer M,
who stated this factor has no influence on his decisions, and by Farmers B, G and K,
who, instead, stated that financial limitations have actually a rather positive influence
because they push them to create and adopt annual financial plans in order to avoid
greater investments. Interestingly, these 3 farms are all family-run businesses but their
size and production vary greatly, from a 242 ha. uncertified organic sheep farm under
no environmental schemes (Farm B), to a 137.6 ha. organic beef, sheep and vegetables
farm under ELS and HLS (Farm G), to a 50 ha. organic beef farm under OELS (Farm
K). None of these farms implemented any changes in farm practices within the
timeframe assigned to the study. However, other family-run farms (i.e. Farms C, F, J
and N) of varying sizes could adopt changes, even though financial limitations were
cited by their farmers among the greatest obstacles.

Farmers who considered limited budgets a negative influence on their decisions
provided similar explanations to the ones who, instead, stated it had a positive
influence. Both groups mentioned yearly plans and generally showed “entrepreneurial
attitude” (Farmer 1), but some perceived this as a positive influence (Farmer B, G and
K), while the others considered it a negative influence on their decisions. The
terminology they used to express similar concepts was also different. The group with a
positive attitude used phrases such as “small investments” (Farmer G and K) and
“avoid borrowing money” (Farmer K), which could suggest an attitude oriented to
small positive actions or changes. The group with a negative attitude used instead
phrases such as “prioritise actions” (Farmer A), “buy” (Farmers J and N), “profits”
and “no support from banks” (Farmer C), which, instead, could suggest a harsher

managerial approach to financial planning. Two of them also referred to “this year”
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(Farmers C and D), which suggests that their attitude was strongly influenced by the

bad season they were experiencing in 2012.

Therefore, it could be reasonable to expect that limited financial capital alone may not
be the most important factor in shaping farmers’ decisions regarding the adoption of
change, but rather specific obstacles linked to the financial aspects of running an agri-
business. The majority of farmers dismissed external support for farm budgeting and
accounting as not influential and only Farms A, C and H expressed their wish to have
access to some form of support in this respect, even though Farms A and C managed to
implement changes. Likewise, the cost of agricultural consultants was seen by the
majority of farmers as irrelevant to their decision-making process, but Farmer A stated
that the cost is “money well spent” when the benefits from the service are considered,
while Farmers C, F, I and N, instead, considered agricultural consultants too expensive.
Nevertheless, these obstacles did not prevent Farmers A, D, F and N to adopt changes
during the study. One possible reason could be the influence of labour cost availability,
discussed previously in section 6.2.2, but another reason can perhaps be found in the
farmers’ responses to the influence of the current profitability of their businesses. Half
of them (Farmers A, C, E, F, H, K and L) stated that this has a negative influence on
them, fuelling more scepticism regarding the possible impact of changes in farm
management: even though Farmers A, C and F adopted some changes, Farmers C, F
and H cited the very word “scepticism” and Farmer K simply said that he is “happy
with the current system”, which suggests that it is not unreasonable to expect farmers to
express doubts over changes and innovation in the case of uncertain impacts of GHG
emission mitigation strategies on farms’ viability. Conversely, Farmers E, G and M
showed interest in getting more information on how to improve their businesses and it

seemed that current profitability was seen by them as an incentive to do even better;
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however, only Farm M adopted some of the recommendations given during the study.
Similarly, the current profitability of their farms was considered to have no influence on
the decisions of Farmers D, I, J and N; but only Farmers D, J and N were among those
who adopted changes in farm management.

Results seem to suggest that great variability in farmers’ attitudes and responses to
financial pressures can be found among the farmers in this study. Not only they
provided similar reasons for opposite reactions, but their responses also seem to suggest
that what may be considered an obstacle in theory, may not be one in practice, as some
of them did adopt changes as a result of the farm assessments. This subject will be

further discussed in section 6.4.

6.3.2.3 Social factors

The social factors assessed in the survey had the purpose to evaluate to what extent
farmers’ interactions with peers and extension agents could influence their decision-
making and whether such influence would promote change and the adoption of on-farm

innovation or rather hinder the acceptance of GHG emission mitigation strategies.

Farmers’ responses showed an interesting variety of attitudes towards social
interactions. All farmers but Farmer L stated that trust in the individual carrying out
extension work is a very important aspect of providing farm advisory services. Farmer
L, instead, stated that he does not take into account this aspect when making decisions
regarding farm management changes. Other farmers appreciated the importance of
“personal contact” (Farmer A) to establish good relationships with extension agents
and quite a few farmers elaborated on the reasons for trusting extension agents and
other advisors, including scientists: Farmers F, M and N referred to the “level of

knowledge” shown by the individual, their “background and motivations” and their
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possible links to institutions, which could reflect in higher credibility of the individual
and in a lower likelihood of farmers doubting about possible hidden agendas or
marketing influence on farm advice.

Such concerns were also highlighted by the question on the influence of previous bad
experiences with consultants or community and interest groups. While 7 farmers
(Farmers B, D, E, F, I, K and M) stated that these have no influence on their decisions,
citing a sort of move on attitude in which one learns from experiences, whether good or
bad, and tries to do better in the future, a similar attitude was cited by Farmers A, G and
J, who instead considered previous bad experiences a positive influence. As an example,
Farmers A and D used the expressions “openness” and “open attitude” in their
responses and both Farmers A and M used the expression “do better next time”. All 3
farmers adopted changes in farm management as a result of recommendations issued
during the study, but Farmer A considers previous bad experiences a positive influence,
while Farmers D and M considered previous bad experiences to be of no influence on
their decisions.

Moreover, farmers’ responses to the influence that community support and engagement
may have on their decisions were rather polarised. Half the farmers (Farmers C, E, G,
H, K, L and M) stated that links with the community had no influence on their
decisions, citing a “go ahead and do it” attitude (Farmer E) and the lack of interest in
what their neighbours do (Farmers C, K, L and H). All other farmers instead considered
community engagement to be a positive influence. In particular, they put emphasis on
the value of interactions with other farmers as they consider them a way of learning and
acquiring valuable information (Farmers B, F, J and N), as well as a possibility to see
“the bigger picture”, referring to the agricultural sector, rather than isolate themselves
focusing on farming only (Farmer A). In spite of the great variability in farms’

characteristics, an interesting observation could be that among farmers that adopted
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changes during the study, only 2 considered community interactions of no influence
(Farmers C and M), but all others (Farmers A, D, F, J and N) stated that community
engagement positively influenced their decisions, with Farmers A and D pointing out
the fact that the learning process works both ways between their peers.

These results seem to suggest that on the one hand farmers’ perceptions of a factor’s
influence on their behaviour may be different, but these perceptions could lead to
similar attitudes to change. However, on the other hand, farmers’ responses regarding
the impact that community engagement can have on their behaviour relate to the
importance of social capital and in particular to the impact that strengthening farmers’
bonding social capital can have on their attitudes to innovation and learning. Possible
opportunities to promote change and innovation linked to social interactions and

knowledge sharing are further discussed in section 6.5.2.

6.3.2.4 Technological factors

Factors assessed in this section of the survey aimed to evaluate the relationship farmers
had with scientific knowledge and the tools available to facilitate the reduction of
farms’ carbon footprints. Results of the survey show that trust in the science was not
necessarily associated with trust in the tools as well, and farmers’ responses varied
greatly from case to case.

Five farmers (i.e. Farms C, D, K, M and N) considered the use of carbon footprinting
tools a tedious process, especially because the figure provided at the end of the process
does not necessarily highlight the options available to the farmer who wishes to reduce
the agri-business’ carbon footprint. The profiles of these farms vary greatly in size,
ownership and adoption of environmental agreements, and no common characteristic
seems to explain their responses. Moreover, Farmers C, D, M and N did adopt some of

the recommendations issued during the study. Therefore, it is reasonable to believe that
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their views of the carbon footprinting process as a hindrance, rather than a useful
exercise, may not have a great influence on their attitude toward the adoption of on-
farm innovation, provided the benefits of innovation are visible and understood by the

farmers.

Farmer H, who farms a family-run small organic mixed livestock farm, stated that he
has an interest in carbon footprinting tools; he cited comparisons between the results
obtained using the CLA CALM tool and the Climate-Friendly Food tool and he
appeared to be knowledgeable on the subject, even stating that tools are getting better
recently and are more user-friendly. However, he expressed confusion regarding the
scientific basis of GHG emission mitigation, which led to scepticism about the subject
and a negative influence on his decisions due to his lack of trust in scientific knowledge.
A similar attitude was shown by Farmer A, who farmed a small uncertified organic beef
farm and who showed scepticism over scientific evidence, mostly in relation to the way
it is presented (i.e. statistics), but great interest in carbon accounting tools and the recent
improvements in their degree of detail and user-friendliness.

Conversely, Farmers B and C, who farm larger family-run uncertified organic sheep and
dairy farms, had exactly opposite views: complete trust in science, but marked lack of
interest in carbon accounting tools (Farmer B) or the solution of having external carbon

audits to take care of the matter (Farmer C).

Results seem to suggest that there is no clear distinction between the opposite attitudes
of the farmers in this study and that their trust in scientific evidence of GHG emission
mitigation and carbon accounting tools may depend on other factors, such as the source
of knowledge and the way knowledge is presented to them. These will be addressed in

section 6.4.3.
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6.3.2.5 Environmental factors

When analysing farmers’ responses to the influence that the interest in environmental
matters, such as conservation, sustainability, carbon sequestration, or in renewable
energies can have on their decisions do adopt innovation, it is important to remember
that, while farmers invited to the study were not selected based on the type of farming
principles (i.e. organic or conventional), but rather on the type of production (i.e.
extensive, low-input), the majority of farmers who responded to the invitation farmed
organically and the only 3 farms that were not certified organic followed organic
principles nevertheless. Ten farmers (Farmers C, D, E, F, G, H, I, L, M and N)
responded that their interest in environmental matters has a positive influence on their
decisions, motivating them to adopt a proactive behaviour towards the acquisition of
knowledge that could bring on-farm innovation and sustainability. The profiles of these
10 farms are quite varied, ranging from a family-run mixed organic livestock farm with
28 suckler cows, 14 sheep and 8 pigs on a land surface area of 68.80 ha., to larger size
organic farms with mixed livestock, and they include the 4 largest farms in the study,
one of which, Farm C, was not certified organic. Two of these 10 farmers (Farmers M
and N) cited that the fact that their businesses were under HLS was a clear evidence of
their interest and concern for environmental matters. The only other instance in which
HLS was cited was by Farmer A in explaining that his biggest concern was the farm’s
profitability and that in his case he considered the HLS agreement was “forced” on the
business that he was managing. As a result, environmental matters were of no influence
for him. Moreover, even though Farmer F cited environmental conservation as a priority
on his farm, which is under ELS and HLS, he did not mention environmental schemes
specifically and no other farmer did in their responses to the survey. These results seem
to suggest that a general interest in environmental matters is present, but farmers in this

study did not necessarily associated it with environmental schemes and preferred to use
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more general terminology in their responses without citing specific examples or proofs

of their interest in environment matters.

Farmer E was the only farmer who mentioned that one should also “take into account
people’s feelings” when referring to the way land and livestock should be farmed and
the importance of public’s perception of farming in terms of its environmental impact.
This concept was also pointed out by Farmer G during the farmers’ focus group
organised later in the study (Section 6.3.3), although using a more business-oriented
perspective, citing the importance of knowing whether the consumer really cares about
carbon-friendly products, therefore making it worth investing in innovation to reduce
the carbon footprint of the farm, otherwise the farmer would lose on the investment if
sales returns do not match with market demands. Indeed, it is reasonable to expect that,
especially in the recent economic situation, farmers with limited financial capital may
remain sceptical over investing in innovation without clear signals of a market demand
for specific carbon-friendly products. Such products can have lower environmental
costs, but they are likely to be sold at a premium price and the revenue from their sales
could represent a great uncertainty for farmers depending on their market links and

infrastructure of distribution channels.

Two farmers out of 14 considered environmental matters and conservation issues a
negative influence on their decisions. Farmer K expressed a general feeling of
uncertainty when taking decisions regarding environmental conservation, primarily
related to his acquisition of knowledge other than that from peers within local farmers’
groups; while Farmer B stated that he was interested in environmental matters, but
added “I don’t always agree with environmental experts”. The two farm profiles are

very different: at the time of the assessment, Farm B was a sheep farm with about 1,600
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ewes on 242 ha. of land, with no organic certification; whilst Farm K was a small
organic beef system with 30 suckler cows and 60 young stocks on 50 ha. of land.
Moreover, Farm B was not under any environmental scheme, while Farm K was under
OELS, but had no interest in entering HLS in the future. However, both businesses were
pasture-based and family-run: Farmer B was a third generation tenant and his children
were all working on the farm; Farmer K had recently taken over the business from his
father.

Even though these results are obviously not representative of the sector, it is interesting
to observe that once again, uncertainty and lack of confidence in experts’ advice,
combined with different perceptions of the importance and impact of environmental
schemes on farming practices are cited among reasons for not adopting change such as
innovative practices that could benefit the farm by reducing its environmental impact in

terms of GHG emissions.

When asked if renewable energy was a more important topic than the reduction of GHG
emissions, Farmers A, C, G, | and J stated that renewable energy was part of their
business strategy, whether by already adopting renewable energy solutions (i.e. Farm J
was equipped with solar panels and machinery was run using recycled cooking oil), by
having recently invested in them (i.e. Farm A had a wind turbine on pasture) or by
planning to invest in them in the near future (i.e. Farmer C was interested in installing
solar panels on farm buildings; Farmer | was interested in the possibility of installing
solar panels on pasture). However, Farmer K stated that renewable energy production
was not more important than reducing GHG emissions from his livestock and all other 8
farmers in the study expressed various concerns over the actual benefits of investing in
renewable energies, all resulting in a general disregard of the topic of renewable

energies. Farmer D approached the matter from a financial point of view and deemed it
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not practical and not efficient at the moment. Farmer B openly stated he is more
interested in reducing GHG emissions first, although he did not implement any of the
recommendations to do so, and Farmer M had a very cynical attitude and considered the
issue of renewable energy a political and marketing issue “pushed too much, just to
boost sales”. Farmers H and N, instead, stated that the two issues of renewable energy
and GHG emissions go hand in hand and the business should be considered as a whole.
A similar attitude towards possible business trade-offs was expressed by Farmers A and
J, but they instead considered the interest in the renewable energy a positive influence

rather than a neutral one like in the case of Farmers H and N.

These results show that farmers’ attitudes to environmental issues can vary greatly and
that, once again, attitudes that can be considered similar lead to discording results in
farmers’ behaviours or farm management. It could be reasonable to consider that
farmers’ perception of the influence of certain factors is a complex subject that needs
more detailed analysis; in particular, narratives obtained during this study using the
semi-structured interviews show the importance of the use of similar expressions and
arguments to describe different perceptions which may result in similar attitudes. In
order to obtain further evidence on farmers’ attitudes and perception of GHG emission
mitigation, a farmers’ focus group was organised to allow farmers to interact and
express themselves not only with the researcher, but in an environment shared with

other farmers.
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6.3.3 Knowledge sharing

The last phase of the study involved a focus group meeting with the farmers who
participated in the project. Farmers external to the study were also invited, in order to
promote knowledge sharing and attract the interest of a wider group of livestock farmers
in the region. Farmers who could not attend the meeting were invited to share topics
that concerned them the most, so as to enable the facilitators to cover all aspects of
sustainable farming and GHG emission mitigation during the interactive workshops
organised for the farmers.

Seven farmers could not attend the meeting but contacted the organiser by phone or
email to communicate their topics of interest. Seven farmers attended (Farmers A, D, H,

I, J, Kand N), along with 2 other farmers external to the project.

These results show that physical distance has a relative impact on farmer engagement.
However, Farmer G who was distant from the meeting location could not attend. The
majority of farmers who could not attend had problems in finding replacements to
ensure regular farm activities during their absence. Five of the 7 farmers (Farmers C, E,
F, G and M) who could not attend established contact with the researcher in order to
make sure they would receive an account of the meeting and that the topics they were
most interested in would be addressed during the event.

Only 2 farmers (Farmers B and L) showed lack of interest in meeting with other
farmers. These two farms are located in Herefordshire and Wiltshire and do not share
common characteristics, nor do the farmers. The farmers did not provide further
explanation on the motivations behind their decision. Therefore, it was not possible to
identify which underlying reasons may have influenced their decision not to participate
in the farmers’ focus group. Conversely, farmers from Devon, Cornwall and other

farmers from Herefordshire showed a marked proactive attitude and acted as delegates
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of their local farmers group, actively participating in the meeting and taking notes to
report to their respective local groups. The latter had the potential of information

reaching an estimate of further 80 farmers across England.

The meeting agenda was outlined in section 5.3.3. The event served as an opportunity
for farmers to share their views and experiences with the project. It also presented them
with a chance for networking with other farmers across the region in a friendly and
informal setting. Farmers were given the opportunity to choose the topics for
discussion. It has to be noted that the discussion groups organised during the afternoon
saw farmers so passionate about the topics addressed that the meeting lasted longer than
originally planned and organisers had to eventually bring the discussions to an end, as
some farmers would have had difficulties returning to their farms should the event have
been extended for much longer. The group was also joined by 8 African extensionists as
rapporteurs; however, that did lead to wider discussions and comparisons with their
systems. The following is an excerpt of the meeting minutes distributed to all

participants in the study.

“Afternoon session
Attendees were split in 2 groups. One group jointly discussed issues related to livestock
feeding and grassland and pasture management. The second group discussed issues

related to manure management.
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Group 1. Livestock feeding and grassland and pasture management

The group discussed issues related to influence of livestock feeding and the impacts of
various grazing systems. One of the points raised was whether simple dietary changes
have an overall improvement on carbon footprints e.g. the use of garlic affects flora and
fauna in the digestive system but the effect is only transient.

The group highlighted the importance of clearly understanding how the carbon cycle,
methane cycle and nitrogen cycle work. A resilient grazing system might then be more
useful in the long run. The equilibrium between the various cycles is a key issue to
address. An imbalance in the diet could lead to an imbalance in livestock growth or in
manure composition. It is vital to identify which imbalances need to be managed.
Differences in grazing systems also play an important role in identifying sources of
emissions and key issues. Parameters applied in grazing systems in the UK do not apply
in Africa for example, where manure has different uses. Types of rotational grazing
systems may vary from a climatic zone to another. In Uganda nomadic pastoralism and
3 months rotations are predominant, while in New Zealand mob stocking is preferred.
The discussion continued on issues regarding carbon sequestration and whether a 150
days grazing cycle based on a high fibre, low protein diet was the best option to reduce
methane emissions. Mob grazing may not give best performance of stock, but maximises
carbon sequestration. Finally, a few suggestions were made to reduce the carbon
footprint of grazing farming systems: systems need to be climatically resilient, to
sequester more carbon, to slow down the carbon cycle and to offset more carbon,
especially if a system can’t reduce emissions any further and needs therefore to find a

grazing solution that maximises offsets.
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Group 2. Manure storage and treatment

A number of points were discussed by the group. It was very clear from the beginning
that mitigation options related to manure management encounter a series of obstacles.
In fact, while it is important to maintain good nitrogen levels in the manure, as this is
then applied to field, it is also vital to identify which practices are practicable for each
farm as farm systems are very diverse. Furthermore, economic and logistic problems
were identified as obstacles to change.

Other concerns regarded the importance of communication between researchers and
farmers in order to give confidence in findings and stimulate changes in practices. A
number of solutions were discussed (i.e. composting, covering of manure stores,
turning, sealing of manure stores), as well as problems related to the applicability of
such practices (i.e. diesel costs, lack of space, investment in infrastructure and
materials). The group concluded that it is very difficult to obtain detailed advice on
specific practices related to manure management. This is linked to the difficulty in
assessing manure emissions with an adequate degree of certainty. In fact, emissions
depend on a large number of factors and calculations can vary significantly from farm
to farm, making it difficult to find standardised solutions.

The group also highlighted the challenges related to changing practices and investing
in new materials and facilities, not having enough certainty of their economic viability.
Therefore, until regulated, it is difficult to incentivise change because it is not clear if
there’s a financial gain on the investment. Finally, it was suggested that off-setting
emissions within the farm system could be a more practical solution to allow each farm

to reduce the carbon footprint as a whole.
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Topics for future discussions

Delegates who could not attend the meeting, but who had a specific interest in certain
topics, had communicated the topics prior to the meeting. Some topics could be
discussed, but due to lack of time to continue the discussions further, a list was
compiled to highlight specific issues to be addressed by future meetings. Issues revolve

around 3 main areas of concern:-

Farming systems:
- Differences in emissions of grazing systems e.g. set stocking, rotational grazing
system, taking into account differences in sequestration of carbon in soil;
- Carbon sequestration options;
- Uncertainty regarding suggestions from eg. Aberystwyth University on crops

and grazing pasture mixes: do they actually match with my soil and weather?

Carbon accounting and energy:

Carbon sequestration included in carbon accounting tools;
- Emissions embedded in cereals for indoor cattle feed;

- Offsetting emissions within the farming system;

- Whole farm approach to sustainability and resilience;

- Biofuels and land competition;

- Impact of policy;
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Farm profitability, markets and consumers’ perception:
- Consumers’ interest in climate change, the added value of climate friendly
products;
- Opportunities to reduce emissions and increase profits at the same time;
- How to farm without fossil fuels / products and sell;
- How to make farming profitable;

1

- Nutrients go to town but don’t come back to the farm.’

Results from the focus group show that farmers appreciated the opportunity to interact
with researchers and other farmers in a relaxed environment. They proactively
participated in proposing action to tackle issues related to GHG emission mitigation that
were highlighted during the study, integrating their own experience with that of other
farmers. The topics that the farmers consider should be addressed in future studies show
that the participant to the focus group had a wider understanding of the challenges
facing agricultural production, not only focusing on specific issues related to GHG
emission mitigation but including them in a wider range of issues that touch farming
practices directly, carbon accounting, as well as market forces that influence agricultural

production.

Finally, the results of the study showed 100% farmer engagement in researcher-farmer
interaction with no farmer dropping out of the study after the first farm assessment in
spring 2012. This led to 50% of participants changing practices, with an estimated
100% improvement in on-farm GHG emission mitigation when recommended changes
were adopted. Subsequently, the study showed 85.7% engagement in farmer-to-farmer
interaction in its final stage. Although qualitative, this can be described as a good result;

in particular, considering that the large amount of information collected during the 2
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farm assessments, the feedback survey, the survey on farmers’ attitudes and perceptions
on GHG emission mitigation and finally the focus group meeting. These activities
provided interesting insights on the barriers to innovation perceived by farmers, as well
as activities that could be considered opportunities for farmer interaction with

researchers in order to improve on-farm GHG emission mitigation.

6.4  Obstacles and barriers to change
The results showed that the farmers interviewed had an interest in GHG mitigation.
However, a series of barriers were presented to the implementation of GHG mitigation

strategies. These can be summarised as follows.

6.4.1 Financial constraints

It is important to remember that the study targeted extensive livestock farms in order to
explore barriers and opportunities for GHG emission mitigation. While it is not
unreasonable to expect that such farms may have financial difficulties throughout the
years, the farmer behaviour survey revealed that more than half of the farmers
considered 3 of the 5 financial factors assessed not to have any influence on their
decisions (Table 6.10). These factors were either considered as “part of the game” (i.e.
agricultural consultants) or the farmers had relevant experience. For instance, 10 out of
14 farmers did not use external accountants but only 2 of them stated that they are
negatively affected and would appreciate some support with accounting issues. The
remainder of them accepted their limitation due to the size of their farms. Interestingly,
the cost of agricultural consultants led to similar considerations by farmers. During the
interviews, 8 out of 14 farmers stated that the cost of consultants was not affecting their

decisions in any of the sectors assessed i.e. “they are not unduly expensive” (Farmer H);
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however, 5 out of 14 farmers cited local farmers’ groups they joined in order to obtain
support, free advice and opportunities to share experiences with other farmers. This
specific point can be considered a favourable condition to drive change and innovation;
therefore, it will be addressed in detail in section 6.5.

Five farmers acknowledged that agricultural consultants provide valuable information
and support; therefore, the farmers were ready to pay for the service. However, 6 out of
14 farmers interviewed remained sceptical over advice that can be given by consultants.

One of the reasons provided was:

“How can I be sure that the consultant is recommending this seed mix for its
actual benefits (emissions, soil etc.) rather than just to sell his product?”

(Farmer N)

Limited finance was considered among the greatest barriers to on-farm innovation, with
10 out of 14 farmers identifying it as a negative influence on their decisions (Table
6.10). In particular, farmers cited problems related to the lack of support from banks and
the need to adopt an entrepreneurial attitude and take risks. The year 2012 was very
tough on farmers due to weather events that affected production. However, even though
the need to “prioritise yearly actions” was cited among the negative effects of having
to produce efficiently and sustainably on limited budgets, 1 farmer attributed a positive
influence to financial limitations and adopted “a rolling programme year on year of
small investments to avoid borrowing money” (Farmer G). These results highlight the
importance of in-depth studies of farmers’ attitudes and perceptions to on-farm
innovation, as one condition can be seen as a hindrance by some or an opportunity for
improvement by others. In others words, to go beyond the ‘what do you do/not do’

question to ‘why’.



191

The study showed that difficulties in implementing on-farm innovation can be linked to
financial pressure, as supported by the work of Barnes et al. (2010) on the motivations
to GHG mitigation in a wide range of agri-businesses (i.e. arable, dairy, beef). The
authors found that the main driver for change was economic, followed by improving
management practices and market pressure. This is in line with the results of the study,
showing that financial pressures are perceived as a great influence on farmers’
decisions, either promoting change, when financial capital is available, or preventing

on-farm innovation to be adopted, when budgets are limited.

Therefore, it is important to consider the type of farm and the motivations of farmers
who run extensive low-input livestock farms. In this study, farms were almost
exclusively organic pasture-based systems, with only very short overwintering based on
climatic conditions. Moreover, 8 out of 14 farms were family-run businesses. The
choice of pasture-based systems could be linked to reduced running costs (i.e. labour,
housing, inputs), but it could be ascribed to lifestyle choices. On the one hand, the
organic livestock farmers interviewed saw financial limitations as obvious barriers to
improvement in farm management practices; on the other hand, organic farmers tend to
rely on government subsidies for their business to remain sustainable but are often
critical of government action (Kings and Ilbery, 2010). These results suggest that farmer
decision-making is a complex field in which a wide range of factors can lead to an

equally wide range of reactions from farmers.

6.4.2 Trust in government action
A good number of farmers i.e. 9 out of 14, expressed confusion and mistrust regarding
the support provided by the government and 4 farmers stated a lack of time and interest

in Government initiatives. Twelve farms were under Environmental Stewardship
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schemes, with 8 farms under HLS agreement, while 4 farms were under OELS
agreement. Although interested in improving farm practices in order to reduce GHG
emissions, they did not find that advice given under ELS and/or HLS always matched
with practices that are recommended to mitigate emissions. Moreover, 10 out of 14
farmers highlighted the fact that the issue of integrating ES and GHG emission
mitigation is not taken seriously by the Government, with such statements as
“emissions don’t fit anywhere [in the ES]” (Farmer H) and “HLS and so on are just
another way of getting money” (Farmer A). These farmers believed that the
Government gives conflicting advice on farm practices, in particular regarding waste
management, where “you can make a case to them and get a derogation” (Farmer M).
As an example, increasing the amount of legumes such as clover in ruminant diets is an
effective strategy to mitigate emissions from enteric fermentation (chapter 3). However,
farmers under HLS agreement may encounter difficulties in increasing the percentage of
legumes in their livestock diets based on HLS prescriptions i.e. seed mixes allowed on
HF10 permanent grassland usually include just around 20% clover.

During the first farm visit Farmer L stated that he was not interested in signing the HLS
agreement because he “would have to take too much land off production and it took
some time to reach the balance on farm. HLS is not interesting here.”

Interestingly, 8 out of 14 farmers stated that the bureaucracy linked to obtaining grants
has a negative impact on their choices. However, the relationship farmers had with ES
and regulations showed great diversity. Only one farmer stated that he is prepared to
follow the guidelines to apply for grants, provided the proposed solution is viable.
Farmer B and Farmer N were very adamant in stating their disappointment with the
grant schemes, describing them as a “scandal” and “the Government makes them so
complicated, that it almost seems they just don’t want to give you the money”. In most

cases, these farmers believed that grants were not worth the amount of work one has to
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go through and the farmers that were under ELS were not considering signing HLS in

the future.

Although these results cannot be representative of the entire livestock farming sector,
they provide valuable insight on farmers’ perceptions of government policies in relation
to GHG emission mitigation. During the interviews, 9 out of 14 farmers stated that
information provided by DEFRA, such as the manuals cited in section 2.1.2, didn’t
seem to match with their farm profile because of the small scale of their businesses.
Therefore, they were often sceptical over the validity of the recommendations provided.
As a reason for mistrusting the government, Farmer C cited the fact that every time he
calls the appropriate department at DEFRA to communicate with a farm adviser, he is
connected to a different adviser. He mentioned that the lack of consistency in advice
and lack of relationship with one extension officer or farm adviser throughout the years
was very inefficient and a nuisance because he had to explain or describe his farm
situation over and over at every call. A similar disconnection between farmers and
government was found by Hernandez-Jover et al. (2012) among small-scale pig farmers
in Australia, where the lack of trust in state agencies was linked to the lack of extension

services and to previous negative experiences.

Therefore, the results of this study seem to confirm and highlight the importance of
transparent and effective extension advisory services, with an emphasis on consistency
of face-to-face interaction and knowledge exchange between small-scale farmers and
government agencies (Islam et al., 2013; Rydberg et al., 2008). Lack of interaction with
farmers could be linked to the fact that agri-businesses may be listed on multiple
databases from agricultural surveys as part of government funded projects. In particular,

farm registers and business registers are often separate databases (Everears, 2010).
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These conditions may lead to confusion and lack of efficiency of government action,
especially taking into account how privacy concerns may affect the degree of
representativeness of agricultural surveys (Wallgren and Wallgren, 2010). The
narratives collected during the interviews indicated that farmers’ lack of trust in
government action was related to confusion over government agendas. Therefore, it is
not unreasonable to suggest that such scepticism may also affect farmers’ attitudes and

perceptions of GHG emission scientific evidence.

6.4.3 Scientific validity of farm advice on GHG mitigation

It was mentioned in section 2.2 that there is still uncertainty regarding carbon footprint
calculations and the actual impact of some strategies in terms of GHG emission
mitigation. In certain areas of scientific research, this uncertainty is due to the large
number of variables on which emissions factors depend. While farmers acknowledged
that the variability in weather conditions affects soils and livestock, 8 out of 14 farmers
cited that they do not trust the scientific basis of GHG mitigation. The reasons for such
responses were different; for example, farmers linked this lack of trust in scientific
studies to the source and funding of certain studies. In fact, it is reasonable to
hypothesise that the farmers who responded to the survey citing a lack of trust in the
government were also less likely to trust scientific studies cited in official documents,
manuals and handbooks provided by the government. However, only 3 out of 14
farmers cited both factors as negative influences on their decisions. The reason for such
discrepancy may be found in the motivations behind the farmers’ scepticism regarding
scientific advice. Farmer H and Farmer N stated that they do trust science when it
comes to GHG emission mitigation, but they make a clear distinction between lab-
driven science and evidence-based science. They prefer to look for scientific

information from research facilities like Animal & Grassland Research and Innovation
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Centre, Teagasc, Moorepark, Fermoy, Co. Cork, Ireland or Rothamsted Research, North
Wyke in Okehampton, Devon, which they consider as centres that carry out research
with an outlook on its practical application, rather than adopting a science-for-scientists
approach.

Overall, farmers interviewed were not against on-farm innovation and scientific studies
that can benefit the environment, livestock and more in general, agri-businesses.

1

“I have 100% trust in science. Communicating science is the problem.’

(Farmer C).

In fact, they were open to interactions that can lead to transparent knowledge exchange
and they voiced repeatedly the desire to have their say on government policies regarding
GHG emission mitigation. However, these results showed that this proactive attitude
seems to be hindered by confusion and lack of confidence in governmental strategies to
disseminate scientific knowledge, as found by Islam et al. (2013), Jones et al. (2013)
and recently confirmed by a study on farmer decision-making in relation to risk
perception which highlighted the importance of clear advice provided to farmers
(Barnes et al., 2013). On a positive note, 6 out of 14 farmers stated that they have some
degree of trust in science, but they are more interested in the application of it. This
result highlights the need for farmers to see a connection between scientific research
and its on-farm application, in order to attribute enough validity to claims brought by

scientific evidence.

Finally, the barriers discussed suggest that the farmers interviewed were interested in
GHG emission mitigation strategies from a very practical perspective. Financial aspects

of mitigation seem to remain the biggest obstacle for the majority of them. However,
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their responses to questions on government action and scientific evidence of GHG
mitigation show that farmers, although cynical about possible ulterior motives behind
scientific farm advice, were open to discussions and interactions. These results show
that in spite of the uncertainty and scepticism over GHG mitigation, successful on-farm
innovation could still be achieved by taking into account farmers attitudes and

perceptions of issues that will affect their agribusinesses.

6.5 Opportunities and drivers for change

The study highlighted some of the barriers that are most often encountered by a group
of 14 livestock farmers in the South West of England. However, the outcomes of
interactions with these farmers also presented opportunities for development and greater

engagement of scientists and farmers on GHG emission mitigation.

6.5.1 Interest in GHG mitigation

As illustrated in section 6.3.3, all 14 farmers participated in the farm management
practices assessments and responded to the survey on factors influencing decision-
making on farm. Although 8 out of 14 farmers stated that the topic of renewable
energies does not have any influence on their decisions, 10 out of 14 farmers responded
that their interest in environmental matters, such as conservation, sustainability, carbon
sequestration, has a positive influence on their decisions, motivating them to adopt a
proactive behaviour towards the acquisition of knowledge that could bring on-farm
innovation and sustainability. Two farmers did not show interest in participating in the
farmer focus group, while the other 12 farmers were actively involved in the discussions,
in some cases acting as delegates for their local farmer groups, so as to report back to a

wider number of farmers on the benefits of meeting with the researchers involved in the
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study and participating in a knowledge sharing activity with researchers and other

farmers.

During the focus group, farmers voiced their wish to have access to unbiased scientific
knowledge. In fact, it was not unreasonable to expect that, given the confusion and
mistrust over government action as a source of scientific knowledge on GHG emission
mitigation (Section 6.4.2), farmers in this study seemed to prefer direct interaction with
scientists and researchers oriented towards the practical application of science. In this
context, scepticism can be considered a double edged sword, which may discourage
some to engage with the wider community, but it may also motivate others to look for
other sources of knowledge that could be perceived as more valuable by the farmer.
When evaluating farmers’ scientific knowledge in relation to various farm management
practices, it is important to consider that farmers tend to lack in-depth knowledge of
specific scientific phenomena e.g. soil management (Ingram, 2008) and they are more
likely to rely on experience limited to their farm (Ingram et al., 2010), although it is not
possible to exclude the possibility of knowledge to originate from experiences of other
peers. As a result, farmers also tend to sign up to the agri-environmental schemes out of
interest in the “economic viability” of their businesses, rather than an actual
understanding of the environmental benefits from the schemes (Sutherland, 2010). This
argument seems to support the findings that, although more than half of the farmers
interviewed had an interest, their interest in acquiring knowledge may be driven by
financial motivations. However, a universal answer cannot be obtained at this stage, as
the individuality of each farm in terms of physical conditions (i.e. soil, weather, water),
size, position within the market and social context are likely to play key roles in

determining great variability in farmers’ interest in environmental matters.
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6.5.2 The social dimension

Farmers’ beliefs system plays an important role in their attitudes and perceptions of
environmental conservation and it is strongly influenced by social factors, rather than
awareness of farms environmental impact (Michel-Guillou and Moser, 2006). The study
addressed the dynamics within the three types of social capital (Table 6.11) and
observed the peculiar interactions between 14 livestock farmers, initially between
farmer and researcher on an individual basis, to then expand to farmer-to-farmer

contexts involving researchers as knowledge brokers (Klerkx and Jansen, 2010).

It is important to take into account that, as it has been explained in chapter 4, farmers
may rely on networks of influence to gather information and support needed. The
farmers interviewed tend to rely on local or regional farmers’ groups (i.e. Pasture-Fed
Livestock Association, Tamar Valley Organic Group, Conservative Rural Affairs
Group) to find information, advice and support. Only when these networks of influence
do not succeed in compensating for the need for agricultural consultants, the farmers
interviewed resort to external advice, which in England tends to be fragmented and
therefore its effectiveness tends to be inconsistent (Klerkx and Proctor, 2013). As a
result, although the farmers were not selected based on their membership of such
associations, it is reasonable to suggest that their proactive attitude to knowledge
sharing within the study could have been influenced by pre-existing similar activities.
However, it is important to consider that farmers’ knowledge of the topic addressed by
the study was relatively limited and that the study aimed to test a methodology to

successfully engage with farmers specifically on the topic of GHG emission mitigation.

A very important result, 13 out of 14 farmers stated that the trust in the individual (i.e.

researcher, adviser) was a positive influence on their decisions. Among the reasons
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given, farmers stated that they appreciate personal contact with the adviser, especially if
the person has no obvious marketing agenda. Results showed that trust in the source of
recommendation, e.g. Soil Association, nationally and internationally renowned
research centre or academic institution, was another important factor in farmer decision-
making, with 10 out of 14 farmers stating that the source of scientific knowledge was
key to their acceptance of the information. Farmers showed openness to interact with
advisers with earned credibility, which is in line with what was found by Mugnier et al.
(2012), highlighting the need for agricultural advisers to be highly competent in their
field (Solano et al., 2006). Therefore, competence and personal contact seem to be key
elements in farmers’ uptake of recommendations regarding the management of their

businesses.

Furthermore, farmers appreciated not only the support given, but the fact that their own
knowledge and experience were valued during the study. This result confirms that
participatory approaches allow researchers to positively interact with farmers in a
transparent and effective way (Rockmann et al., 2012) and highlights the importance of
face-to-face communication between advisers and farmers, regardless of whether or not
the recommendations given are subsequently implemented (Rydberg et al., 2008). It is
reasonable to suggest a link between this result and the fact that farmers’ cognitive
system applied to scientific knowledge tends to adopt approaches different from those
of scientists and researchers. On the one hand, farmers tend to rely more on intuition
and empirical data; while on the other hand, scientists adopt more rigorous analytical
methodologies to process information and generate knowledge (McCown et al., 2012).
This aspect has to be considered in the context of agricultural development. Farmers
interviewed showed a latent lack of confidence in institutions and government agencies,

which affects their uptake of science-based recommendations. Farmers’ attitudes can be
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influenced by the way science is communicated and by the way advisers present
themselves to farmers (Scholl and Binder, 2009). However, farmers seemed to
appreciate interaction with individual researchers and this led to a 100% engagement in
farm assessment visits with a 50% uptake of GHG emission mitigation
recommendations. Moreover, farmers who participated in the group meeting asked
about the continuation of the project, showing interest in the interaction with

researchers.

Building up from a strong pre-existing bonding social capital, with openness to
communication between peers, farmers in the study showed competent use of
information technologies. As an example of farmer-to-farmer interaction, all farmers
used e-emails and 8 out of 14 farmers participated in discussions on on-line forums. On-
line communication was considered economical and fast, as well as an effective way to
raise a voice and possibly make connection with more farmers across the country. Such
context can be considered favourable to promote linking social capital and therefore
achieve successful two-way communication between farmers, researchers and policy
makers (Table 6.11). In particular, the decision-systems theory described by Farmar-
Bowers and Lane (2009), in relation to the adoption of practices that promote
environmental biodiversity among Australian farmers, highlights the importance of
farmers’ social contexts and how these influence their behaviour. The authors suggest
that changes proposed by policies are more likely to be adopted in the long-run by
farmers that take decisions using a family-oriented belief system. Conversely, farmers
that base their decisions on business factors are less likely to maintain long-term
changes in practice management. Therefore, projects with the goal of promoting long-

term engagement and the adoption of on-farm innovation are more likely to succeed if
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participatory activities do not focus exclusively on financial benefits of innovation, but

rather include farmers as valuable co-researchers.

In this context, the results of the study suggest that the methodology adopted was
perceived as beneficial by the farmers not only from a financial point of view.
Therefore, future studies could possibly be expanded to include a larger sample of
farmers and a wider range of variables, in order to further evaluate best approaches to
farmer engagement on GHG emission mitigation, along with the importance of social
inclusion with the research process. In particular, it is important to remember the impact
the 3 types of social capital illustrated in table 6.11, not only from the farmers’
perspective, but also from the perspective of the researcher, who should engage with
other researchers and specialists in the field in order to further strengthen their social

capital.
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Table 6.11 Outline of social capital dimensions and their inclusion in the study.

Social Capital | Characteristics | Actors Engagement activities Observations Opportunities
Bonding Homogeneous Extensive low-input - Knowledge sharing and - Strong bonds within - Very open to dialogue with farmers from
livestock farmers (ELILF) knowledge transfer: farmer- groups other groups
to-farmer - Sub-groups: e.g. interest - Knowledge sharing
groups (PFLA),
geographic (TVOG),
political (CRAG)
Bridging Heterogeneous ELILF — interest groups - Knowledge sharing: farmers | - Self-selective - Online communication preferred:
network expansion - Self-promoting economical, fast and easy way to have a
- Capacity building: fostering | - “Virtual”, Online voice, make connections, attract other
social capital networks SSLF out of the main networks
Linking Heterogeneous ELILF — Researchers - Knowledge sharing: farmer- | - Lack of trust - Importance of knowledge transfer

(academia)

to-researcher
- Knowledge transfer:
researcher-to-farmer

- Researchers seen as
distant from reality

- SSLF request for more interaction
(translational research)

ELILF — Government

Beyond the scope of the study

- Lack of trust in policies
- Confusion

- Fear of hidden agendas
- Top-down approach

- Will to influence policy making

- Will to have a voice (ELILF)

- Understanding that researchers and
farmers need one another to influence
policy making

Government — Researchers
(academia)

Beyond the scope of the study

- Difficulty in obtaining
funding for certain types
of projects

- Promote importance of social capital in
environmental assessment to support
policy making

Government — National
Agencies and larger groups
(e.g. large producers)

Beyond the scope of the study

- Commercial interests
- Stats to support policy
making

- ELILF do not feel they can identify with
types of farms used in studies to support
policy making

- Reports don’t represent all types of
realities

Keys: ELILF: Extensive low-input livestock farmers, PFLA: Pasture-Fed Livestock Association, TVOG: Tamar Valley Organic Group, CRAG:
Conservative Rural Affairs Group.
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6.5.3 The impact of translational research

Communication of climate change information is a very important factor in the adoption of
mitigation strategies by farmers (Wheeler et al., 2013). Farmers are more likely to
understand and apply scientific knowledge if this is communicated in a clear, consistent
and transparent way by advisers and researchers (Blackstock et al., 2010). This can be
related to the contexts illustrated in section 4.2.2, in which fragmented advisory services
and the impact of farmers’ networks of influence are important factors in the dissemination
of scientific knowledge within farming communities, in particular when associated with

lack of knowledge transfer activities (Sjogersten et al., 2013).

Participatory research methodologies described in section 4.3.2 can be used to engage with
farmers and promote on-farm innovation (Gomontean et al., 2009), with the aim to raise
awareness on possible risks related to climate change impacts (Gandure et al., 2013) and,
in the case of this study, on the estimated benefits from GHG emission mitigation.
However, it is important to consider the design of models that aim at supporting farmer
decision-making. Stakeholder participation and bottom-up approaches to the assessment of
agricultural sustainability are more effective than top-down models with little participation
(Marshall et al., 2013), especially if transdisciplinary methodologies are not adopted
(Binder et al., 2010). This approach is particularly useful in contexts where uncertainty
regarding risks and outcomes from changes in farm practices may affect farmers’ attitudes
to climate change, but at the same time these contexts may promote farmer-to-farmer
interaction in order to cope with uncertainty (Alpizar et al., 2011). The interaction between
farmers and researchers has a positive influence on farmers’ entrepreneurial behaviour,

provided collaboration and learning are at the centre of participatory studies (livonen et al.,
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2011). Therefore, this study represents a classic example of translational research with the

aim to engage with farmers and promote on-farm innovation to mitigate GHG emissions.

In order to address the possible obstacles to engagement, the RFPA tool was based on
adopting a methodology based on the expected mitigation from the most acknowledged
practices, giving short explanations for each recommended practice to illustrate the
potential benefits of GHG emission mitigation. Participation was encouraged and farmers
were given multiple opportunities to voice their opinions and concerns, initially to the
researcher and subsequently within a group consisting of farmers and researchers from
various branches of academia (i.e. sustainable rural development, sustainable use of soil
and water, agronomy, veterinary science).

All farmers showed interest and appreciation of the RFPA tool because of its straight-
forward approach and ease of use. This is particularly interesting because during the
interviews it emerged that 8 out of 14 farmers consider the user-friendliness of GHG
emissions assessment tools as a positive influence on their decisions. Interestingly, only 3
out of 14 farmers considered carbon footprinting tools as not user-friendly, while another 3
out of 14 farmers do not use the tools or had carbon audits carried out by external
consultants. Farmers who appreciated carbon accounting tools stated that these have
improved lately and tend to become more user-friendly. However, Farmer J and M cited

the need for more descriptions and explanations from the tools’ developers.

Therefore, the relatively simple yet versatile design the RFPA tool generated positive
feedback in terms of usefulness of the tool and its applicability. The results of the study
show that the methodology adopted has the potential for future development to include

detailed socio-economic variables in the assessment tool. At the same time, the results
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show that there are opportunities for further engagement with extensive livestock farmers
in the area by enabling them to play an active role in research on on-farm GHG emission

mitigation.

6.6  Further considerations

It is important to remember that the convenience sampling technique adopted in this study
does not allow generalisation of findings, as the sample is not representative of the wider
sector. However, the combination of quantitative and qualitative research methodologies in
a participatory study produced interesting findings that can lead to further considerations
on the impact that farmers’ attitudes can have on the uptake of innovation in mitigating on-

farm GHG emissions.

Initially, results from the 2 rounds of farm assessments showed that there can be practical
obstacles to GHG emission mitigation. These include the lack of space available for
additional facilities in order to improve the practices related to the storage and treatment of
manure and slurry, the possible impact of limited labour force on the amount of work
needed to implement certain mitigation strategies (e.g. increased frequency of livestock
grazing rotations). However, findings do not seem to support the possibility of a
relationship between the presence of these obstacles and specific farm characteristics, as
farms were of varying sizes and livestock production. Nor do the findings indicate the type
of management (i.e. family-run v farm manager), either under entry level or higher level
environmental stewardship agreements, as a possible explanation for mitigation strategies
not being adopted.

Nevertheless, half the farmers could implement mitigation strategies in at least 1 sector of

the farm practices assessed. Results from farmers’ interviews showed that financial
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limitations can play a major role in farmers’ decision-making. These, however, can present
themselves under different guises. Farmers’ responses did not highlight any relationship
between specific farms’ or farmers’ characteristics and the adoption of change, as financial
obstacles were cited by both farmers who did adopt change and others who did not adopt
change. Furthermore, 3 out of 5 of the financial factors assessed during the interviews
were identified by the majority of farmers as irrelevant to their decision-making process.
However, 10 out of 14 farmers identified general financial limitations as the economic
factor with the greatest negative influence on their decisions. The reasons given by farmers
differed, not showing any particular link to farm size, livestock production and farm
management or farmer background. Moreover, narratives highlighted similar explanations
linked to opposite responses (i.e. yearly actions or programs of investments seen as a
positive influence by Farmer K, but a negative influence by Farmer A). Therefore, based
on these findings, it is reasonable to suggest that farmers may not identify economic
factors such as the cost of agricultural consultants or the possibility to contract additional
labour as specific obstacles to innovation. They identify instead general limitations linked
to the lack of financial capital, even though innovation may still be adopted (i.e. Farmer
A). This finding seems to suggest that the understanding of farmers’ behaviour facing
tangible obstacles, such as financial limitations, may be linked to other motivations
farmers may have for embracing change and innovation, which could relate to market
pressures and consumers’ demand for climate-friendly products, although this specific

topic was not addressed by the study.

Further insight was obtained from the responses farmers provided to the survey questions
referring to the influence of political factors on their decision-making. The overall results

suggest that marked lack of confidence in government action combined with scepticism
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around the validity of scientific claims represent obstacles to the adoption of on-farm
innovations. There was no clear link between farms’ or farmers’ characteristics and the
degree of trust given to government action. The majority of farmers did not show trust in
reports provided by the government, speculating on hidden agendas and lobbying being the
reasons for their reluctance to follow government advice. However, all but 2 farms were
under environmental schemes and Farmer H, who clearly stated his scepticism around
GHG emission mitigation, both in terms of scientific evidence and in terms of political
action, did not oppose to following official reports and guidelines provided by the
government. Farmers’ responses show contradictions that could be explained by the
possibility that a gap exists between their perceptions of negative influences on their
business and the actual existence of such negative impacts. This is supported by the
positive influence exercised instead by the source of information (i.e. research institution,
individual contact with researcher). Results from the farmers’ attitudes survey and focus
group seem to suggest that political factors that may hinder the process of accepting advice
on on-farm innovation to reduce GHG emissions could be overcome by focusing on
fostering linking social capital between research institutions, researchers and farmers on
the one hand, and on strengthening bonding social capital among farmers on the other
hand. The adoption of change at the farm level seemed to depend on individual
circumstances rather than a common perception of GHG emission mitigation by farmers in
the study. Although some farmers mentioned their interest in practice-led rather than lab-
driven research, the source of scientific knowledge and its effective communication
seemed to have a more prominent role than the knowledge itself. Farmers’ responses did
not seem to acknowledge the fact that some of the research institutions they cited may

carry out research under government funding. This finding provides interesting grounds
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for further investigating the impact of farmers’ perceptions of climate action and the

source of scientific information on their adoption of on-farm innovation.

Finally, the study obtained positive results in terms of farmer engagement. Farmers’
responses highlighted the need for collaborative environments in which farmers’ can be
active participants to the research process. This approach is more likely to overcome the
scepticism that still surrounds the application of scientific evidence of GHG emission
mitigation, in particular regarding the usefulness and user-friendliness of carbon
accounting tools. Farmers’ feedback on the methodology adopted and their interest in
engaging with researchers suggest that the use of the RFPA tool, farmers’ interviews and
the farmers’ focus group at the end of the study contributed to establishing relationships
between farmers and researchers based on clear and transparent two-way communication
and which can be considered likely to influence positively farmers’ uptake of innovation.
Farmer engagement, in particular at the focus group meeting, did not seem to depend on
farms’ or farmers’ characteristics such as size, type of livestock, farm management, or
even distance from the location of the event. These results give a positive outlook on the
possibility of engaging with a larger group of farmers in the future and obtaining valuable
information on farmers’ attitudes to climate change, while promoting the implementation
of effective GHG emission mitigation strategies at the farm level through co-research and

sharing experiences.
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7 Conclusion

The aim of the study was to evaluate the potential for adoption of GHG emission
mitigation strategies by a selected group of livestock farmers and identify possible barriers
to innovation in farm management practices, as well as create opportunities to establish
collaborative engagement between farmers and researchers in order to overcome obstacles
to on-farm innovation. Results highlight the challenges related to research that aims to

include a social component in studies that originate with a primary focus on hard science.

7.1  Key findings

The study set out to address the 6 objectives listed in chapter 1, which included assessing
farm practices based on their GHG emission mitigation potential, evaluate the feasibility of
mitigation strategies and identify possible barriers to the implementation of on-farm
innovation, while establishing successful researcher-farmer collaboration through a series

of participatory activities.

7.1.1 Challenges in farm assessment

The review of estimates of GHG emission mitigation has shown that there is still a great
deal of uncertainty regarding the impact of certain mitigation strategies. This is due
primarily to the wide range of factors that affect the effectiveness of a practice in
mitigating GHG emissions and the fact that it is difficult to standardise the impact of
emissions affected by weather conditions or to compare studies carried out under different
experimental conditions. Moreover, the review of carbon calculators currently available
for farmers has shown that estimates obtained using calculators may differ significantly

depending on the system boundaries adopted in the design of the calculators. Life Cycle



211

Analysis provides a useful tool to define system boundaries, but its implementation may
vary between different carbon calculators, therefore influencing the results from the
calculations. However, the review has shown that there is a sufficient amount of data
regarding GHG emission mitigation to provide guidelines for farmers in order to reduce

the impact of farm practices.

The study focused on practices that could be assessed within 1 year in order to review
possible changes and their impact in terms of emissions and farm management. The RFPA
tool was created as a user-friendly tool for farmers to allow them to assess their farm
management practices and monitor their GHG emissions impact over time. The tool
proved to be effective in assessing practices in a fast and clear way. Farmers appreciated
the simplicity of the tool and its versatility due the separation of the practices in 5 sections,
each containing decision trees and scoring sheets that clearly identified which practices
had the greater impact in terms of GHG emissions. The positive feedback received from
farmers is encouraging and suggests that the design of the tool is a strong foundation for
developing it further to include a larger set of practices that could apply to a wider range of

farms and farming systems.

7.1.2 Feasibility of GHG emission mitigation

The type of farms that participated in the study had an extensive, low-input type of
production, predominantly organic and pasture-based. The recommendations obtained
using the RFPA tool proposed mitigation options taking into consideration the unique
conditions of each farm. Therefore, recommendations were tailored to the farm specific
circumstances. Half the farms in the study adopted changes in farm practices and all these

farms registered an improvement in the expected GHG impact reduction over the
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timeframe of the study. The study showed that farmers’ willingness to adopt mitigation
strategies may face obstacles in being translated into action and on-farm innovation.
Mitigation strategies related to dietary management and grazing and pasture management
were already adopted by the majority of farmers, as these practices tend to match with
good agricultural practices and advice regarding the protection of soil on pastures.
Livestock housing, albeit having a limited impact on the majority of farms in the study
because of the limited time the livestock was housed, presented limitations similar to the
ones observed in the manure management section. Mitigation strategies related to the
storage and treatment of manure and slurry encountered feasibility obstacles due to the
capital investment needed to install the machinery and the labour required to operate it.
Results suggest that financial limitations were among the main obstacles to the adoption of
on-farm innovation. It also needs to be noted that results suggest that it could be difficult
for farmers to find a link between changes in practices related to the storage and treatment
of manure and slurry and the possible benefits in terms of income generation or reduction
in financial losses. While it is fairly easy to see that an improvement in the treatment of
manure and slurry that are then applied to field could lead to a more effective use of
fertiliser or a reduction in need to purchase of fertiliser, the economic impact of such
change in practices may be too great for farms adopting extensive low-input farming
practices. Similarly, practices recommending an increase in frequency of livestock
rotational grazing patterns, such as the installation of additional movable fencing structures,
may require not only financial investment to build the additional infrastructure, but also
financial capital to pay for the additional labour required to maintain a higher frequency of
livestock rotations. Such examples suggest that, although effective in mitigating emissions,
certain practices may encounter strong financial obstacles in their adoption by farms with

limited financial capital, which tend to be businesses with an extensive low-input type of
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production. Therefore, further studies that compare farms differing in size and type of
production are needed in order to evaluate the actual feasibility and cost-effectiveness of

GHG emission mitigation strategies.

7.1.3 Farmers’ attitudes to GHG emission mitigation

Results showed that even though farmers provided different reasons for the same attitude,
such as trusting in scientific knowledge of GHG emission mitigation but still being
sceptical by pointing out that the problem lies in the communication of science or in its
application, certain common factors can be found which explain possible motivations
behind the lack of on-farm innovation in GHG emission mitigation.

The study highlighted the influence of political factors such as lack of trust in government
action and lack of support in integrating practices related to environmental schemes with
practices that reduce GHG emissions, and the negative impact these factors have on
farmers’ decision-making, fuelling their reluctance to change farm management practices
and slowing down the uptake of on-farm innovation. Interestingly, results showed that the
source of scientific knowledge and the way scientific knowledge is presented to them have
a great influence on farmers’ attitudes to GHG emission mitigation. While 9 out of 14
farmers did not show trust in government action and the information provided by DEFRA,
only 3 out of 14 farmers stated that both their lack of trust in the government and their
scepticism over scientific evidence related to GHG emission mitigation are affecting their
decisions, showing that farmers’ attitudes are more affected by political factors, rather than
understanding of scientific evidence of mitigation.

This leads to another interesting result regarding the influence that the source of
knowledge can have on farmers’ decision-making. The study suggests that farmers prefer

to gain scientific knowledge via organisations and research institutions that they perceive
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as independent from the government and carrying out research that is practice-led rather
than lab-driven. Moreover, farmers’ networks of influence and peer-to-peer knowledge
exchange play important roles in shaping farmers’ decision-making. Eight (8) out of 14
farmers expressed scepticism over current carbon accounting tools and 6 out of 14 stated
that they do not always trust advice from agricultural consultants, as these may have
hidden agendas. Nevertheless, these farmers showed interest in the study, which suggests
that greater focus should be placed on the way science is communicated and on how trust
in the source of knowledge affects farmers’ attitudes to innovation in GHG emission
mitigation. The study also suggests that the adoption of an approach oriented to practical
problem-solving and to valuing farmers’ contribution to the knowledge pool ensures that
the barriers created by the lack of trust in individuals external to farmers’ networks of

influence, are overcome.

7.1.4 The impact of farmer engagement

The participatory approach of the study set to address the issue of farmers tending to be
influenced by the social networks in which they operate and being more likely to accept
knowledge and advice from peers or advisors with earned credibility, rather than from
official channels such as governmental bodies. However, even though farmers showed
interest in innovation and willingness to improve farming practices provided there was a
clear benefit for the farm, primarily as a business, 13 out of 14 of farmers stated that the
trust in the individual carrying out the study positively affects their decisions. The
approach used in the study was to listen to farmers’ views and give them an opportunity to
be co-researchers on GHG emission mitigation, therefore valuing both scientific
knowledge and farmers’ knowledge and highlighting the importance of participatory

studies and farmer engagement in the dissemination of knowledge. The study showed that
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farmers appreciate the provision of transparent knowledge transfer from scientists, in a
language accessible to them, and they are also interested in farmer-to-farmer knowledge
sharing activities, such as the farmers’ focus group organised at the end of the study.

Therefore, successful engagement with farmers cannot be achieved relying solely on farm
management economics, technology or published guidance, but rather by participatory
activities that adopt a two-way communication between farmers and researchers and
integrate multidisciplinary knowledge provided by hard sciences and social sciences, with
farmers’ experience. By promoting linking social capital, farmer engagement could be
successful in building long-term collaborations between farmers and researchers in order
to disseminate knowledge and promote on-farm innovation, having a greater understanding
of farmers’ attitudes towards GHG emission mitigation and the possible obstacles farmers

could encounter in adopting mitigation strategies.

7.2 Critique of the methodology adopted

The methodology adopted in the study combined qualitative and quantitative research in
order to design a participatory framework for successful engagement with a selected group
of livestock farmers. Results in terms of farmers’ participation and the amount and quality
of information collected on farmers’ attitudes to GHG emission mitigation can be
considered encouraging and they provide useful grounds for further studies on farmers’
behaviour and decision-making. However, the approach presented strengths and

limitations related to both qualitative and quantitative research approaches.

The RFPA tool created for this purpose was particularly well received by farmers because
it provided tailored, practical advice on farm management practices and generated interest

in the following stages of the study. Such result can be considered very positive and it



216

shows great potential for further development of the tool to allow the assessment of a
wider range of farm practices.

Participatory case studies were chosen for the field study, as according to literature, the
creation of opportunities for on-farm innovation is more successful when based on
participatory action and translational research and case study research provides in-depth
analysis of context-dependent situations. While this type of methodology can be useful to
investigate the individuality of agricultural businesses, in order to obtain greater
knowledge a larger sample of farmers would have to be selected using randomised
sampling or other probability sampling techniques. This would ensure the sample is
representative of the sector and it would reduce the risk of results being influenced by

biases related to the type of sample and its size.

The study highlighted the importance of face-to-face contact between farmers and
researchers and that of consistent interaction between them. Such interaction is likely to
help building researcher-farmer relationships based on mutual understanding and trust.
However, in order to provide effective long-term farmer engagement, this type of activity
needs great investments both financially and in terms of time and facilities available. In the
agricultural sector, the individuality of each farm is likely to influence farmers’ responses
and behavioural attitudes and researchers need to engage with farmers on individual level,
as well as in groups, in order to build longstanding relationships over time. Therefore, even
though such studies are essential to reach a greater understanding of the dynamics within
certain sectors of society, they are not time-resources efficient and this could put excessive
pressure on researchers and funding bodies to achieve successful researcher-farmer

interaction over a limited time.
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7.3 Wider implications for future research
The positive results obtained by this study suggest that the tool and the methodology could
be further developed in order to engage with a larger number of farmers and provide a

more comprehensive assessment of GHG emission mitigation strategies.

Future research could evaluate the impact of larger farm samples representative of the
livestock sector. The RFPA tool could be expanded to include criteria needed for the
assessment of a wider range of farming systems with the possibility of comparison
between farms differing in size and type of production (i.e. organic v conventional, small-
scale v large-scale) or market links (i.e. local producers v producers for big retailers).
Moreover, one of the greatest barriers encountered by farmers in adopting GHG emission
mitigation strategies was the financial limitations and the uncertainty regarding the actual
effect that implementing mitigation strategies could have on farm budgets. Therefore, the
addition of criteria evaluating the cost-effectiveness of each mitigation option would
provide a more comprehensive assessment, including possible financial benefits from
adopting on-farm innovation in order to reduce agri-businesses’ carbon footprint. This
approach could provide valuable information to integrate with studies on the influence of

consumers’ demands for climate-friendly products.

Future studies using the RFPA tool could benchmark the impact of the livestock sector in
terms of GHG emissions. The benefits could be multiple, as this approach could
simultaneously provide support to farmers, researchers and policy-makers. On the one
hand researcher-farmer interactions could be enhanced and more participatory research
could provide a greater understanding of farmers’ behaviour and decision-making, helping

researchers address issues related to farmers’ attitudes and perceptions of climate change
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and, more generally, their scepticism or reluctance to change. Farmers could receive
support in improving their agri-businesses’ management and activities such as knowledge
exchange between farmers and researchers could overcome the obstacle represented by the
lack of trust in government action and privatised extension services. On the other hand this
approach and the RFPA tool could provide useful information to policy-makers by
highlighting the key issues that need to be addressed in future environmental policies,
therefore supporting government action under the second phase of the GHG Action Plan,

which includes farmer engagement and farmer training activities.

Finally, the user-friendliness of the RFPA tool and its success with farmers in this study
suggest the possibility for it to be used without the help of an agricultural advisor or
researcher. This can be considered one of the greatest advantages of the tool and in the
future the tool could be integrated in the current self-assessment procedure under
Environmental Stewardships Schemes. This would benefit both policy-makers and farmers,
as results from the study highlighted the difficulty some farmers encounter in adopting
certain mitigation strategies on agribusinesses that are under environmental schemes. Even
though many practices that reduce GHG emissions are effectively good agricultural
practices already recommended by the government under other policies, results from
farmers’ interviews highlighted the possibility of conflict arising from attempting to
integrate prescriptions under environmental schemes and GHG emission mitigation.
Therefore, the RFPA tool could provide an easy-to-use, farmer-friendly way to obtain an

integrated assessment of farm management practices.



219

Chapter 8

References



220

References

Aarnink, A. J. A., Hol, J. M. G., and Beurskens, A. G. C. (2006) Ammonia emission and
nutrient load in outdoor runs of laying hens. NJAS - Wageningen Journal of Life Sciences
54 (2), 223-234.

Abd EIl Kader, N., Robin, P., Paillat, J.-M., and Leterme, P. (2007) Turning, compacting
and the addition of water as factors affecting gaseous emissions in farm manure
composting. Bioresource Technology 98 (14), 2619-28.

Akiyama, H., Mctaggart, 1. P., and Ball, B. C. (2004) N,O, NO and NH3 emissions from
soil after the application of organic fertilisers, urea and water. Water, Air and Soil
Pollution 156, 113-129.

Allard, V., Soussana, J.-F., Falcimagne, R., Berbigier, P., Bonnefond, J. M., Ceschia, E.,
D’hour, P., Hénault, C., Laville, P., Martin, C., and Pinares-Patifio, C. (2007) The role of
grazing management for the net biome productivity and greenhouse gas budget (CO,, N,O
and CH,4) of semi-natural grassland. Agriculture, Ecosystems & Environment 121 (1-2),
47-58.

Alpizar, F., Carlsson, F., and Naranjo, M. A. (2011) The effect of ambiguous risk, and
coordination on farmers' adaptation to climate change — A framed field experiment.
Ecological Economics 70 (12), 2317-2326.

Animut, G., Puchala, R., Goetsch, A., Patra, A., Sahlu, T., Varel, V., et al. (2008) Methane
emission by goats consuming diets with different levels of condensed tannins from
lespedeza. Animal Feed Science and Technology 144(3-4), 212-227.

Arelovich, H. M., Arzadin, M. J., Laborde, H. E., and Vasquez, M. G. (2003) Performance
of beef cattle grazing oats supplemented with energy, escape protein or high quality hay.
Animal Feed Science and Technology 105 (1-4), 29-42.

Arriaga, H., Salcedo, G., Calsamiglia, S., and Merino, P. (2010a) Effect of diet
manipulation in dairy cow N balance and nitrogen oxides emissions from grasslands in
northern Spain. Agriculture, Ecosystems & Environment 135, 132-139.

Arriaga, H., Salcedo, G., Martinez-Suller, L., Calsamiglia, S., and Merino, P. (2010b)
Effect of dietary crude protein modification on ammonia and nitrous oxide concentration
on tie-stall dairy barn floor. Journal of Dairy Science 93, 3158-3165.

Asseng, S., Ewert, F., Rosenzweig, C., Jones, J. W., Hatfield, J. L., Ruane, A. C., Boote, K.
J., Thorburn, P. J., Rotter, R. P., Cammarano, D., Brisson, N., Basso, B., Martre, P.,
Aggarwal, P. K., Angulo, C., Bertuzzi, P., Biernath, C., Challinor, A. J., Doltra, J., Gayler,
S., Goldberg, R., Grant, R., Heng, L., Hooker, J., Hunt, L. A., Ingwersen, J., lzaurralde, R.
C., Kersebaum, K. C., Miiller, C., Naresh Kumar, S., Nendel, C., O'Leary, G., Olesen, J. E.,



221

Osborne, T. M., Palosuo, T., Priesack, E., Ripoche, D., Semenov, M. A., Shcherbak, I.,
Steduto, P., Stockle, C., Stratonovitch, P., Streck, T., Supit, I., Tao, F., Travasso, M.,
Waha, K., Wallach, D., White, J. W., Williams, J. R., and Wolf, J. (2013) Uncertainty in
simulating wheat yields under climate change. Nature Climate Change (2013) Article in
Press. [online] Published 9 June 2013. Available at:
http://sourcedb.cas.cn/sourcedb_igsnrr_cas/zw/Iw/201306/P020130613413794449840.pdf
[Accessed: 11-06-2013]

Baines, R. N. (2011) Personal communication. Royal Agricultural College, Cirencester,
England.

Barnes, A. P., McCalman, H., Buckingham, S., and Thomson, S. (2013) Farmer decision-
making and risk perceptions towards outwintering cattle. Journal of Environmental
Management 129 (0), 9-17.

Barnes, A., Beechener, S., Cao, Y., Elliott, J., Harris, D., Jones, G., Toma, L., and Whiting,
M. (2010) FF0201: Market segmentation in the agriculture sector: climate change. Final
report to DEFRA.

Basch, G., Kassam, A., Gonzalez-Sanchez, E. J. and Streit, B. (2012) Making sustainable
agriculture real in CAP 2020 — The role of conservation agriculture 2011/2012 European
Conservation  Agriculture  Federation  (ECAF). [online]  Awvailable  at:
http://www.ecaf.org/docs/ecaf/ca%20and%20cap%202020.pdf [Accessed: 18-02-2013]

Basely, K. and Hayton A. (2007) Chapter 5: Nutrition of adult cattle. In: Practical cattle
farming. The Crowood Press, UK. p. 77-102.

Bateman, E. J. and Baggs, E. M. (2005) Contributions of nitrification and denitrification to
N,O emissions from soils at different water-filled pore space. Biology and Fertility of Soils
41 (6), 379-388.

Beauchemin, K. A, Janzen, H., Little, S. M., McAllister, T. A., and McGinn, S. M. (2010)
Life cycle assessment of greenhouse gas emissions from beef production in western
Canada: A case study. Agricultural Systems 103 (6), 371-379.

Beauchemin, K. A., McGinn, S. M., Bencher, C., and Holtshausen, L. (2009) Crushed
sunflower, flax or canola seeds in lactating dairy cow diets: Effects on methane production,
rumen fermentation and milk production. Journal of Dairy Science 92, 2118-2127.

Beilin, R., Sysak, T., and Hill, S. (2012) Farmers and perverse outcomes: The quest for
food and energy security, emissions reduction and climate adaptation. Global
Environmental Change 22 (2), 463-471.

Belliveau, S., Smit, B., and Bradshaw, B. (2006) Multiple exposures and dynamic
vulnerability: Evidence from the grape industry in the Okanagan Valley, Canada.
Global Environmental Change 16 (4), 364-378.


http://sourcedb.cas.cn/sourcedb_igsnrr_cas/zw/lw/201306/P020130613413794449840.pdf
http://www.ecaf.org/docs/ecaf/ca%20and%20cap%202020.pdf

222

Benchaar, C., Pomar, C., and Chiquette, J. (2001) Evaluation of dietary strategies to reduce
methane production in ruminants: A modelling approach. Canadian Journal of Animal
Science 81, 563-574.

Berg, W., Brunsch, R., and Pazsiczki, I. (2006) Greenhouse gas emissions from covered
slurry compared with uncovered during storage. Agriculture, Ecosystems & Environment
112 (2-3), 129-134.

Bicudo, J. R., Schmidt, D. R., and Jacobson, L. D. (2003) Using covers to minimize odor
and gas emissions from manure storages. [online] Cooperative Extension Service,
University of Kentucky. Available at:
http://www2.ca.uky.edu/agc/pubs/aen/aen84/aen84.pdf [Accessed: 25-04-2011]

Biesbroek, G. R., Swart, R. J., Carter, T. R., Cowan, C., Henrichs, T., Mela, H., Morecroft,
M. D., and Rey, D. (2010) Europe adapts to climate change: Comparing national
adaptation strategies. Global Environmental Change 20 (3), 440-450.

Binder, C. R., Feola, G., and Steinberger, J. K. (2010) Considering the normative, systemic
and procedural dimensions in indicator-based sustainability assessments in agriculture.
Environmental Impact Assessment Review 30 (2), 71-81.

Blackstock, K. L., Ingram, J., Burton, R., Brown, K. M., and Slee, B. (2010)
Understanding and influencing behaviour change by farmers to improve water quality.
Science of the Total Environment 408 (23), 5631-5638.

Bodin, O. and Crona, B. I. (2009) The role of social networks in natural resource
governance: what relational patterns make a difference? Global Environmental Change 19
(3), 366-374.

Bodin, O. and Tengd, M. (2012) Disentangling intangible social-ecological systems.
Global Environmental Change 22 (2), 430-439.

Bodin, O., Crona, B., and Ernstson, H. (2006) Social networks in natural resource
management: What is there to learn from a structural perspective? Ecology and Society 11
(2), r2.

Brito, L. M., Coutinho, J., and Smith, S. R. (2008) Methods to improve the composting
process of the solid fraction of dairy cattle slurry. Bioresource Technology 99 (18), 8955-
60.

Brookfield, H. and Gyasi, E. A. (2009) Academics among farmers: Linking Intervention to
research. Geoforum 40 (2), 217-227.

BSI (2008) Specification for the assessment of the life cycle greenhouse gas emissions of
goods and services. [online] British Standards Institute PAS2050. Available at:
http://www.bsigroup.com/en/Standards-and-Publications/How-we-can-help-
you/Professional-Standards-Service/PAS-2050/ [Accessed: 20-10-2010]



http://www2.ca.uky.edu/agc/pubs/aen/aen84/aen84.pdf
http://www.bsigroup.com/en/Standards-and-Publications/How-we-can-help-you/Professional-Standards-Service/PAS-2050/
http://www.bsigroup.com/en/Standards-and-Publications/How-we-can-help-you/Professional-Standards-Service/PAS-2050/

223

Buhler, W. (2002) Science, agriculture and research. A compromised participation.
London, UK. Earthscan, 2002. p 143-157.

Burbi, S., Baines, R. N., and Conway, J. S. (2011) Improving livestock farm practices in
order to reduce greenhouse gas emissions at the farm level. Conference Proceedings.
British Grassland Society 10th Research Conference. 20-21 September 2011, Belfast,
Northern Ireland.

Burton, R. J. F. and Paragahawewa, U. H. (2011) Creating culturally sustainable agri-
environmental schemes. Journal of Rural Studies 27 (1), 95-104.

Carbon Trust (2010) Carbon Trust. The PAS 2050. [online] Available at:
http://www.carbon-label.com/business/pas2050.htm [Accessed: 20-10-2010]

Carew, R. (2010) Ammonia emissions from livestock industries in Canada: Feasibility of
abatement strategies. Environmental pollution (Barking, Essex : 1987), 158(8), 2618-26.

Carpenter, S., Walker, B., Anderies, J. M., and Abel, N. (2001) From metaphor to
measurement: Resilience of what to what? Ecosystems 4, 765-781.

Castellanos, E. J., Tucker, C., Eakin, H., Morales, H., Barrera, J. F., and Diaz, R. (2013)
Assessing the adaptation strategies of farmers facing multiple stressors: Lessons from the
coffee and global changes project in Mesoamerica. Environmental Science & Policy 26 (0),
19-28.

Castro-Montoya, J. M., Makkar, H. P. S., and Becker, K. (2012) Effects of monensin on
the chemical composition of the liquid associated microbial fraction in an in vitro rumen
fermentation system. Livestock Science 150 (1-3), 414-418.

Chadwick, D. R. (2005) Emissions of ammonia, nitrous oxide and methane from cattle
manure heaps: effect of compaction and covering. Atmospheric Environment 39 (4), 787-
799.

Chadwick, D., Sommer, S., Thorman, R., Fangueiro, D., Cardenas, L., Amon, B., and
Misselbrook, T. (2011) Manure management: Implications for greenhouse gas emissions.
Animal Feed Science and Technology 166-167 (0), 514-531.

Cheshire, L. and Woods, M. (2013) Globally engaged farmers as transnational actors:
Navigating the landscape of agri-food globalization. Geoforum 44 (0), 232-242.

CLA (2011) CALM carbon accounting tool. Country Land & Business Association
[online] Available at: http://www.calm.cla.org.uk [Accessed: 01-03-2011]

Claessens, L., Antle, J. M., Stoorvogel, J. J., Valdivia, R. O., Thornton, P. K., and Herrero,
M. (2012) A method for evaluating climate change adaptation strategies for small-scale
farmers using survey, experimental and modelled data. Agricultural Systems 111 (0), 85-
95.


http://www.carbon-label.com/business/pas2050.htm
http://www.calm.cla.org.uk/

224

Clark, W. C., Tomich, T. P., van Noordwijk, M., Guston, D., Catacutan, D., Dickson,
N.M., and McNie E. (2011) Boundary work for sustainable development: Natural resource
management at the Consultative Group on International Agricultural Research (CGIAR).
Proceedings of the National Academy of Sciences of the United States of America. July
2011.

Cocklin, C., Mautner, N., and Dibden, J. (2007) Public policy, private landholders:
Perspectives on policy mechanisms for sustainable land management. Journal of
Environmental Management 85 (4), 986-998.

Cornell, S., Berkhout, F., Tuinstra, W., Tabara, J. D., Jager, J., Chabay, I., de Wit, B.,
Langlais, R., Mills, D., Moll, P., Otto, I. M., Petersen, A., Pohl, C., and van Kerkhoff, L.
(2013) Opening up knowledge systems for better responses to global environmental
change. Environmental Science & Policy 28 (0), 60-70.

Costa, A. and Guarino, M. (2009) Definition of yearly emission factor of dust and
greenhouse gases through continuous measurements in swine husbandry. Atmospheric
Environment 43 (8), 1548-1556.

Dalal, R. C., Gibson, I., Allen, D. E., and Menzies, N. W. (2010) Green waste compost
reduces nitrous oxide emissions from feedlot manure applied to soil. Agriculture,
Ecosystems & Environment 136 (3-4), 273-281.

de Boer, I., Cederberg, C., Eady, S., Gollnow, S., Kristensen, T., Macleod, M., Meul, M.,
Nemecek, T., Phong, L., Thoma, G., van der Werf, H., Williams, A., and Zonderland-
Thomassen, M. (2011) Greenhouse gas mitigation in animal production: Towards an
integrated life cycle sustainability assessment. Current Opinion in Environmental
Sustainability 3 (5), 423-431.

de Klein, C. A. M., Smith, L. C., and Monaghan, R. M. (2006) Restricted autumn grazing
to reduce nitrous oxide emissions from dairy pastures in Southland, New Zealand.
Agriculture, Ecosystems & Environment 112 (2—-3), 192-199.

de Vries, M. and de Boer, I. J. M. (2010) Comparing environmental impacts for livestock
products: A review of life cycle assessments. Livestock Science 128 (1-3), 1-11.

DECC (2008) UK Greenhouse Gas Inventory, 1990 to 2008. Annex 3. Department of
Energy & Climate Change. Released April 2010. [online] Available at:
http://www.airquality.co.uk/reports/cat07/1004301344 ukghqgi-90-

08 Annexes_lIssue3 Final.pdf [Accessed: 20-10-2010]

DECC (2013) 2011 Greenhouse Gas Emissions, Final Figures. [online] Department of
Energy & Climate Change. Statistical Release, 5th February 2013. Awvailable at:
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/180823/ghg
national_statistics_release 2011 final results.pdf [Accessed: 02-03-2013]



http://www.airquality.co.uk/reports/cat07/1004301344_ukghgi-90-08_Annexes_Issue3_Final.pdf
http://www.airquality.co.uk/reports/cat07/1004301344_ukghgi-90-08_Annexes_Issue3_Final.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/180823/ghg_national_statistics_release_2011_final_results.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/180823/ghg_national_statistics_release_2011_final_results.pdf

225

DEFRA (2007) Rural Development Programme for England 2007-2013. [online]
Department for Environment, Food and Rural Affairs. December 2007. Available at:
http://archive.defra.gov.uk/rural/documents/rdpe/rdpe-sum.pdf [Accessed: 20-05-2013]

DEFRA (2008) Methods review to support the PAS 2050 on measuring embodied GHG
emissions in  products and services - EV02074 [online] Available at:
http://randd.defra.gov.uk/Default.aspx?Menu=Menu&Module=More&L ocation=None&C
ompleted=0&ProjectiD=15520#RelatedDocuments [Accessed: 10-06-2010]

DEFRA (2009) Application of livestock manures and dirty waters. In: Protecting our water,
soil and air. A code of Good Agricultural Practices for farmers, growers and land
managers. Department of Environment, Food and Rural Affairs. p.66.

DEFRA (2012a) 2012 Review of progress in reducing greenhouse gas emissions from
English agriculture. [online] Department for Environment, Food and Rural Affairs.
November 2012. Available at:
https://www.gov.uk/government/uploads/system/uploads/attachment data/file/69612/gree
nhouse-gas-agriculture-report-20121122.pdf [Accessed: 10-12-2012]

DEFRA (2012b) Summary of the key findings from the UK Climate Change Risk
Assessment 2012. [online] Department for Environment, Food and Rural Affairs, the
Scottish Government, the Welsh Government and the Department of the Environment
Northern Ireland. Crown copyright 2012. Available at:
http://www.defra.gov.uk/sac/files/SAC1215-CCRA-Paper-Annex-1-Key-Findings.pdf
[Accessed: 03-06-2013]

Dekker, S. E. M., Aarnink, A. J. A., de Boer, I. J. M., and Groot Koerkamp, P. W. G.
(2011) Emissions of ammonia, nitrous oxide, and methane from aviaries with organic
laying hen husbandry. Biosystems Engineering 110 (2), 123-133.

Delgado, C., Rosegrant, M., Steinfeld, H., Ehui, S., and Courbois, C. (1999) Livestock to
2020: The Next Food Revolution. [online] FAO. May 1999. Available at:
http://www.fao.org/ag/againfo/resources/documents/lvst2020/20201.pdf [Accessed: 23-02-
2011]

DeRamus, H. A., Clement, T. C., Giampola, D. D., and Dickison, P. C. (2003) Methane
emissions of beef cattle on forages: Efficiency of grazing management systems. Journal of
Environmental Quality 32 (1), 269-77.

Deressa, T. T., Hassan, R. M., Ringler, C., Alemu, T., and Yesuf M. (2009) Determinants
of farmers’ choice of adaptation methods to climate change in the Nile Basin of Ethiopia.
Global Environmental Change 19 (0), 248-255.

Di, H. J., Cameron, K. C., and Sherlock, R. R. (2007) Comparison of the effectiveness of a
nitrification inhibitor, dicyandiamide, in reducing nitrous oxide emissions in four different
soils under different climatic and management conditions. Soil Use and Management 23
(1), 1-9.


http://archive.defra.gov.uk/rural/documents/rdpe/rdpe-sum.pdf
http://randd.defra.gov.uk/Default.aspx?Menu=Menu&Module=More&Location=None&Completed=0&ProjectID=15520#RelatedDocuments
http://randd.defra.gov.uk/Default.aspx?Menu=Menu&Module=More&Location=None&Completed=0&ProjectID=15520#RelatedDocuments
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/69612/greenhouse-gas-agriculture-report-20121122.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/69612/greenhouse-gas-agriculture-report-20121122.pdf
http://www.defra.gov.uk/sac/files/SAC1215-CCRA-Paper-Annex-1-Key-Findings.pdf
http://www.fao.org/ag/againfo/resources/documents/lvst2020/20201.pdf

226

Dinuccio, E., Berg, W., and Balsari, P. (2008) Gaseous emissions from the storage of
untreated slurries and the fractions obtained after mechanical separation. Atmospheric
Environment 42 (10), 2448-2459.

Dinuccio, E., Berg, W., and Balsari, P. (2011) Effects of mechanical separation on GHG
and ammonia emissions from cattle slurry under winter conditions. Animal Feed Science
and Technology 166-167 (0), 532-538.

Eckard, R. J., Grainger, C., and de Klein, C. A. M. (2010) Options for the abatement of
methane and nitrous oxide from ruminant production: A review. Livestock Science 130 (1-
3), 47-56.

Edwards-Jones, G., Mila i Canals, L., Hounsome, N., Truninger, M., Koerber, G.,
Hounsome, B., Cross, P., York, E. H., Hospido, A., Plassmann, K., Harris, . M., Edwards,
R. T., Day, G. A. S., Tomos, A. D., Cowell, S. J., and Jones, D. L. (2008) Testing the
assertion that ‘local food is best’: The challenges of an evidence-based approach. Trends in
Food Science & Technology 19 (5), 265-274.

Ekins, P., Simon, S., Deutsch, L., Folke, C., and De Groot, R. (2003) A framework for the
practical application of the concepts of critical natural capital and strong sustainability.
Ecological Economics 44 (2-3), 165-185.

Ekvall T. and Weidema B. P. (2004) System boundaries and input data in consequential
life cycle inventory analysis. International Journal of Life Cycle Analysis 9 (3), 161-171.

Ellis, S., Webb, J., Misselbrook, T., and Chadwick, D. (2001) Emissions of ammonia
(NHj3), nitrous oxide (N,O) and methane (CH4) from a dairy herd in the UK. Nutrient
Cycling in Agroecosystems 60, 115-122.

Emery, S. B. and Franks, J. R. (2012) The potential for collaborative agri-environment
schemes in England: Can a well-designed collaborative approach address farmers’
concerns with current schemes? Journal of Rural Studies 28(3), 218-231.

Environment Agency (2012) Quality Protocol. Compost. End of waste criteria for the
production and use of quality compost from source-segregated biodegradable waste.
[online] Waste & Resources Action Programme. August 2012. Banbury, England. pp. 33.
Available  at: http://www.environment-agency.gov.uk/business/sectors/142481.aspx
[Accessed: 19-03-2013]

European Union (2003) Council Regulation (EC) No0.1782/2003 of 29 September 2003
establishing common rules for direct support schemes under the common agricultural
policy and establishing certain support schemes for farmers and amending Regulations
(EEC) N0.2019/93, (EC) N0.1452/2001, (EC) N0.1453/2001, (EC) No0.1454/2001, (EC)
N0.1868/94, (EC) No0.1251/1999, (EC) No0.1254/1999, (EC) No0.1673/2000, (EEC)
N0.2358/71 and (EC) N0.2529/2001. [online] Council of the European Union. September
2003. Available at: http://eur-


http://www.environment-agency.gov.uk/business/sectors/142481.aspx
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2003:270:0001:0001:EN:PDF

227

lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2003:270:0001:0001:EN:PDF
[Accessed: 22-03-2013]

European Union (2005) Council Regulation (EC) N0.1698/2005 of 20 September 2005 on
support for rural development by the European Agricultural Fund for Rural Development
(EAFRD). [online] Council of the European Union. September 2005. Available at:
http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2005:277:0001:0040:EN:PDF
[Accessed: 22-03-2013]

European Union (2006) Commission Regulation (EC) No0.1974/2006 of 15 December
2006 laying down detailed rules for the application of Council Regulation (EC)
N0.1698/2005 on support for rural development by the European Agricultural Fund for
Rural Development (EAFRD). [online] Commission of the European Communities.
December 2006. Available at: http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2006:368:0015:0073:EN:PDF
[Accessed: 20-05-2013]

Everears, P. (2010) The present state of agricultural statistics in developed countries:
situation and challenges. In: Agricultural survey methods. Edited by R. Benedetti, M. Bee,
G. Espa and F. Piersimoni. 2010. John Wiley & Sons Ltd. Rome, Italy. p.6.

Fangueiro, D., Coutinho, J., Chadwick, D., Moreira, N., and Trindade, H. (2008) Cattle
slurry treatment by screw-press separation and chemically enhanced settling: Effect on
greenhouse gases and ammonia emissions during storage. Journal of Environmental
Quality 37, 2322-2331.

FAO (2006) Livestock's Long Shadow: Environmental issues and options. [online] Food
and Agricultural Organization, United Nations. Rome, Italy. Available at:
http://www.fao.org/docrep/010/a0701e/a0701e00.HTM [Accessed: 23-02-2011]

FAO (2010) Livestock in a changing landscape. Volume 1 & 2. [online] Food and
Agricultural ~ Organization, United Nations. Rome, Italy. Available at:
http://www.fao.org/agriculture/lead/lead-resources/en/?no_cache=1 [Accessed: 10-02-
2011]

Farmar-Bowers, Q. and Lane, R. (2009) Understanding farmers' strategic decision-making
processes and the implications for biodiversity conservation policy. Journal of
Environmental Management 90 (2), 1135-1144.

Feola, G. and Binder, C. R. (2010) Towards an improved understanding of farmers’
behaviour: The integrative agent-centred (IAC) framework. Ecological Economics 69 (12),
2323-2333.

Fischer, A. and Glenk, K. (2011) One model fits all? — On the moderating role of
emotional engagement and confusion in the elicitation of preferences for climate change
adaptation policies. Ecological Economics 70 (6), 1178-1188.


http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2003:270:0001:0001:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2005:277:0001:0040:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2005:277:0001:0040:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2006:368:0015:0073:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2006:368:0015:0073:EN:PDF
http://www.fao.org/docrep/010/a0701e/a0701e00.HTM
http://www.fao.org/agriculture/lead/lead-resources/en/?no_cache=1

228

Fisher, R. (2013) ‘A gentleman's handshake’: The role of social capital and trust in
transforming information into usable knowledge. Journal of Rural Studies 31 (0), 13-22.

Flechard, C., Ambus, P., Skiba, U., Rees, R., Hensen, A., van Amstel, A. R. , van den Pol,
A., Soussana, J. F., Jones, M., Clifton-Brown, J. C., Rachi, A., Horvath, L.; Neftel, A;
Jocher, M., Ammann, C. R., Leifeld, J., Fuhrer, J., Calanca, P., Thalman, E., Pilegaard, K.,
Di Marco, G. S., Campbell, C., Nemitz, E., Hargreaves, K. J., Levy, P. E., Ball, B., Jones,
S. K., van de Bulk, W. C. M., Groot, T., Blom, M., Domingues, R., Kasper, G. J., Allard,
V., Ceschia, E., Cellier, P., Laville, P., Henault, C., Bizouard, F., Abdalla, M., Williams,
M., Baronti, S., Berretti, F., and Grosz, B. (2007) Effects of climate and management
intensity on nitrous oxide emissions in grassland systems across Europe. Agriculture,
Ecosystems & Environment 121 (1-2), 135-152.

Flyvbjerg, B. (2006) Five misunderstandings about case-study research. Qualitative
Inquiry 12 (2), 219-245.

Folke, C. (2006) Resilience: The emergence of a perspective for social-ecological systems
analyses. Global Environmental Change 16 (3), 253-267.

Funk, T. L., Hussey, R., Zhang, Y., and Ellis, M. (2004a) Synthetic covers for emissions
control from earthen embanked swine lagoons, part I: Positive pressure lagoon cover.
Applied Engineering in Agriculture 20 (2), 233-238.

Funk, T. L., Mutlu, A., Zhang, Y., and Ellis, M. (2004b) Synthetic covers for emissions
control from earthen embanked swine lagoons, part 1I: Negative pressure lagoon cover.
Applied Engineering in Agriculture 20 (2), 239-242.

Gandure, S., Walker, S., and Botha, J. J. (2013) Farmers' perceptions of adaptation to
climate change and water stress in a South African rural community. Environmental
Development 5 (0), 39-53.

Garcia, M. C., Pérez, P., Molinuevo, B., and Leon, M. C. (2008) Use of zeolite in broiler
bedding material to absorb ammonia. [online] Ramiran 2008, 13th International
Conference of the FAO ESCORENA Network on Recycling of Agricultural, Municipal
and Industrial Residues in Agriculture (pp. 359-362). Albena, Bulgaria. Available at:
http://www.ramiran.net/doc08/RAMIRAN_2008/Garcia.pdf [Accessed: 27-03-2011]

Garnett, T. (2009) Livestock-related greenhouse gas emissions: Impacts and options for
policy makers. Environmental Science & Policy 12 (4), 491-503.

German, L. A., Tiani, A. M., Daoudi, A., Maravanyika, T. M., Chuma, E., Jum, C.,
Nemarundwe, N., Ontita, E., and Yitamben, G. (2012) The application of participatory
action research to climate change adaptation in Africa: A reference guide. [online] Center
for International Forestry Research (CIFOR), Bogor, Indonesia (2012) pp. 16-17.
Available at: http://idl-bnc.idrc.ca/dspace/bitstream/10625/48890/1/IDL-48890.pdf
[Accessed: 10-04-2013]



http://www.ramiran.net/doc08/RAMIRAN_2008/Garcia.pdf
http://idl-bnc.idrc.ca/dspace/bitstream/10625/48890/1/IDL-48890.pdf

229

German, L. and Stroud A. (2007) A framework for the integration of diverse learning
approaches: Operationalizing agricultural research and development (R&D) Linkages in
Eastern Africa. World Development 35 (5), 792-814.

Gillenwater, M. (2008) Forgotten carbon: Indirect CO, in greenhouse gas emission
inventories. Environmental Science & Policy 11 (3), 195-203.

Gomontean, B., Gajaseni, J., Edwards-Jones, G., and Gajaseni, N. (2008) The
development of appropriate ecological criteria and indicators for community forest
conservation using participatory methods: a case study in Northeastern Thailand.
Ecological Indicators 8 (5), 614-624.

Grainger, C., Williams, R., Clarke, T., Wright, A. D. G., and Eckard, R. J. (2010)
Supplementation with whole cottonseed causes long-term reduction of methane emissions
from lactating dairy cows offered a forage and cereal grain diet. American Dairy Science
Association. Journal of Dairy Science 93, 2612-2619.

Graux, A.-l., Gaurut, M., Agabriel, J., Baumont, R., Delagarde, R., Delaby, L., and
Soussana, J.-F. (2011) Development of the Pasture Simulation Model for assessing
livestock production under climate change. Agriculture, Ecosystems & Environment 144
(1), 69-91.

Groenestein, C. M., and van Fassen, H. G. (1996) Volatilisation of ammonia, nitrous oxide
and nitric oxide in deep-litter systems for fattening pigs. Journal of Agricultural
Engineering Research 65, 269-274.

Groenestein, C. M., Oosthoek, J., and van Faassen, H. G. (1993) Microbial processes in
deep-litter systems for fattening pigs and emission of ammonia, nitrous oxide and nitric
oxide. In: Verstegen, M. W. A., Den Hartog, L. A., van Kempen, G. J. M., & Metz, J. H.
M. (Eds.), Nitrogen flow in pig production and environmental consequences. Proceedings
of the First International Symposium. Pudoc Scientific Publishers, Wageningen,
Netherlands, pp. 307-312.

Guan, H., Wittenberg, K. M., Ominski, K. H., and Krause, D. O. (2006) Efficacy of
ionophores in cattle diets for mitigation of enteric methane. Journal of Animal Science 84,
1896-1906.

Haeussermann, A., Hartung, E., Gallmann, E., and Jungbluth, T. (2006) Influence of
season, ventilation strategy, and slurry removal on methane emissions from pig houses.
Agriculture, Ecosystems & Environment 112, 115-121.

Hall, J. and Pretty, J. (2008) ‘Buy-In’ and ‘Buy-Out’: Linking social capital and the
transition to more sustainable land management. Rural Futures Conference: Dreams,
Dilemmas and Dangers. The University of Plymouth, UK, 1-4 April, 2008.



230

Hamelin, L., Godbout, S., Thériault, R., and Lemay, S. P. (2010) Evaluating ammonia
emission potential from concrete slat designs for pig housing. Biosystems Engineering 105
(4), 455-465.

Hamelin, L., Wesnas, M., Wenzel, H., and Petersen, B. M. (2010) Life cycle assessment
of biogas from separated slurry. [online] Danish Ministry of the Environment.
Environmental Protection Agency. Environmental Project Miljegprojekt No. 1329 2010.
Available at: http://www2.mst.dk/udgiv/publications/2010/978-87-92668-03-5/pdf/978-
87-92668-04-2.pdf [Accessed: 10-03-2011]

Hammond, K. J., Muetzel, S., Waghorn, G. C., Pinares-Patifio, C. S., Burke, J. L., and
Hoskin, S. O. (2009) The variation in methane emissions from sheep and cattle is not
explained by the chemical composition of ryegrass. Proceedings of the New Zealand
Society of Animal Production 69, 174-178.

Hammond, K. J., personal communication. Cited by: Buddle, B. M., Denis, M., Attwood,
G. T., Altermann, E., Janssen, P. H., Ronimus, R. S., Pinares-Patifio, C. S., Muetzel, S.,
and Neil Wedlock, D. (2011) Strategies to reduce methane emissions from farmed
ruminants grazing on pasture. The Veterinary Journal 188 (1), 11-17.

Hansen, M. N., Henriksen, K., and Sommer, S. G. (2006) Observations of production and
emission of greenhouse gases and ammonia during storage of solids separated from pig
slurry: Effects of covering. Atmospheric Environment 40, 4172-4181.

Hao, X., Larney, F. J., Chang, C., Travis, G. R., Nichol, C. K., and Bremer, E. (2005) The
effect of phosphogypsum on greenhouse gas emissions during cattle manure composting.
Journal of Environmental Quality 34, 774-781.

Havlikova, M., Kroeze, C., and Huijbregts, M. A. J. (2008) Environmental and health
impact by dairy cattle livestock and manure management in the Czech Republic. Science
of the Total Environment396 (2-3), 121-131.

Hernandez-Jover, M., Gilmour, J., Schembri, N., Sysak, T., Holyoake, P.K., Beilin, R.,
and Toribio, J.A. (2012) Use of stakeholder analysis to inform risk communication and
extension strategies for improved biosecurity amongst small-scale pig producers.
Preventive Veterinary Medicine 104 (3-4), 258-270.

Hersom, M. J. (2008) Opportunities to enhance performance and efficiency through
nutrient synchrony in forage-fed ruminants. Journal of Animal Science 86 (E-Suppl.), 306-
317.

Hicks, C. C., Fitzsimmons, C., and Polunin, N. V. C. (2010) Interdisciplinarity in the
environmental sciences: barriers and frontiers. Environmental Conservation 37 (4), 464-
477.

Hirsch Hadorn, G., Bradley, D., Pohl, C., Rist, S., and Wiesmann, U. (2006) Implications
of transdisciplinarity for sustainability research. Ecological Economics 60 (1), 119-128.


http://www2.mst.dk/udgiv/publications/2010/978-87-92668-03-5/pdf/978-87-92668-04-2.pdf
http://www2.mst.dk/udgiv/publications/2010/978-87-92668-03-5/pdf/978-87-92668-04-2.pdf

231

Hobson, J. J. C. (2007) Chapter 4. Housing. In: Backyard Poultry Keeping. The Crowood
Press, UK.

Hofmann, M. E., Hinkel, J., and Wrobel, M. (2011) Classifying knowledge on climate
change impacts, adaptation, and vulnerability in Europe for informing adaptation Research
and decision-making: A conceptual meta-analysis. Global Environmental Change 21 (3),
1106-1116.

livonen, S., Kyr6, P., Mynttinen, S., Sérkka-Tirkkonen, M., and Kahiluoto, H. (2011)
Social capital and entrepreneurial behaviour advancing innovativeness in interaction
between small rural entrepreneurs and researchers: a phenomenographic study. The
Journal of Agricultural Education and Extension 17 (1), 37-51.

Ingram, J. (2008) Are farmers in England equipped to meet the knowledge challenge of
sustainable soil management? An analysis of farmer and advisor views. Journal of
Environmental Management86 (1), 214-228.

Ingram, J., Fry, P., and Mathieu, A. (2010) Revealing different understandings of soil held
by scientists and farmers in the context of soil protection and management. Land Use
Policy 27 (1), 51-60.

IPCC (2001) Climate Change 2001: The Scientific Basis. Intergovernmental Panel on
Climate Change. In: Houghton, J. T., Ding, Y., Griggs, D. J., Noguer, M., van der Linden,
P. J., Dai, X., Johnson, C. A., and Maskell, K. (Eds.) [online] Cambridge University Press.
Cambridge, United Kingdom. Available at:
http://www.grida.no/publications/other/ipcc_tar/ [Accessed: 25-06-2011]

IPCC (2006) Chapter 10. Emissions from livestock and manure management. In: 2006
IPCC Guidelines for National Greenhouse Gas Inventories. The National Greenhouse Gas
Inventories Programme. Eggleston, H.S., Buenida, L., Miwa, K., Ngara, T., and Tanabe, K.
Institute for Global Environmental Strategies (IGES). [online] Hayama, Kanagawa, Japan.
Available at: http://www.ipcc-
nggip.iges.or.jp/public/2006al/pdf/4_Volume4/V4 10 Ch10_ Livestock.pdf  [Accessed:
25-06-2011]

IPCC (2007a) Contribution of Working Group Il to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change 2007. In: Parry, M. L., Canziani, O. F,,
Palutikof, J. P., van der Linden, P. J., and Hanson, C. E. (Eds.) [online] Cambridge
University Press, Cambridge, UK, 976 pp. Available at:
http://www.ipcc.ch/publications_and_data/ar4/wg2/en/contents.html [Accessed: 25-06-
2011]

IPCC (2007b) Climate Change 2007: Synthesis report. Contribution of Working Groups I,
Il and Il to the Fourth Assessment Report of the Intergovernmental Panel on Climate
Change. In: Pachauri R. K. and Reisinger A. (Eds.) [online] IPCC, Geneva, Switzerland,
p36. Available at:


http://www.grida.no/publications/other/ipcc_tar/
http://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/4_Volume4/V4_10_Ch10_Livestock.pdf
http://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/4_Volume4/V4_10_Ch10_Livestock.pdf
http://www.ipcc.ch/publications_and_data/ar4/wg2/en/contents.html

232

http://www.ipcc.ch/publications and data/publications ipcc fourth assessment report sy
nthesis_report.htm [Accessed: 25-06-2011]

IPCC (2007c) Contribution of Working Group | to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change, 2007. In: Solomon, S., Qin, D., Manning, M.,
Chen, Z., Marquis, M., Averyt, K. B., Tignor, M., and Miller, H. L. (Eds.) [online]
Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.
Available at:
http://www.ipcc.ch/publications_and_data/publications_ipcc_fourth _assessment_report_w
gl _report the physical_science basis.htm [Accessed: 25-06-2011]

Islam, M. M., Barnes, A., and Toma, L. (2013) An investigation into climate change
scepticism among farmers. Journal of Environmental Psychology 34 (0), 137-150.

ISO (2006) Environmental management — Life Cycle Assessment- Requirements and
guidelines - BS EN ISO 14044. [online] Available at: http://www.iema.net/iso-standards
[Accessed: 12-06-2011]

Jacob, J. P., Wilson, H. R., Miles, R. D., Butcher, G. D., and Mather, F. B. (2011) Factors
affecting egg production in backyard chicken flocks. [online] University of Florida, IFAS
Extension, 1-12. Available at: http://edis.ifas.ufl.edu/pdffiles/PS/PS02900.pdf [Accessed:
19-02-2013]

Janssen, M. A., Bodin, O., Anderies, J. M., Elmqvist, T., Ernstson, H., McAllister, R. R. J.,
Olsson, P., and Ryan P. (2006) Toward a network perspective on the resilience of social-
ecological systems. Ecology and Society 11 (1), 15.

Jolibert, C. and Wesselink, A. (2012) Research impacts and impact on research in
biodiversity conservation: The influence of stakeholder engagement. Environmental
Science & Policy 22 (0), 100-111.

Jones, A. K., Jones, D. L., Edwards-Jones, G., and Cross, P. (2013) Informing decision-
making in agricultural greenhouse gas mitigation policy: A best-worst scaling survey of
expert and farmer opinion in the sheep industry. Environmental Science & Policy 29 (0),
46-56.

Juhola, S. and Westerhoff, L. (2011) Challenges of adaptation to climate change across
multiple scales: A case study of network governance in two European countries.
Environmental Science & Policy 14 (3), 239-247.

Jungbluth, T., Hartung, E., and Brose, G. (2001) Greenhouse gas emissions from animal
houses and manure stores. Nutrient Cycling in Agroecosystems 60, 133-145.

Kaparaju, P., Buendia, I., Ellegaard, L., and Angelidakia, I. (2008) Effects of mixing on
methane production during thermophilic anaerobic digestion of manure: lab-scale and
pilot-scale studies. Bioresource Technology 99 (11), 4919-4928.


http://www.ipcc.ch/publications_and_data/publications_ipcc_fourth_assessment_report_synthesis_report.htm
http://www.ipcc.ch/publications_and_data/publications_ipcc_fourth_assessment_report_synthesis_report.htm
http://www.ipcc.ch/publications_and_data/publications_ipcc_fourth_assessment_report_wg1_report_the_physical_science_basis.htm
http://www.ipcc.ch/publications_and_data/publications_ipcc_fourth_assessment_report_wg1_report_the_physical_science_basis.htm
http://www.iema.net/iso-standards
http://edis.ifas.ufl.edu/pdffiles/PS/PS02900.pdf

233

Karakurt, 1., Aydin, G., and Aydiner, K. (2012) Sources and mitigation of methane
emissions by sectors: A critical review. Renewable Energy 39 (1), 40-48.

Keeley, B. (2007) Human capital: How what you know shapes your life. OECD Insights.
[online] OECD Publishing. p. 103. Available at: doi: 10.1787/9789264029095-en
[Accessed: 28-05-2013]

Kings, D. and llbery, B. (2010) The environmental belief systems of organic and
conventional farmers: evidence from central-southern England. Journal of Rural Studies
26 (4), 437-448.

Kitzes, J., Galli, A., Bagliani, M., Barrett, J., Dige, G., Ede, S., Erb, K., Giljum, S., Haberl,
H., Hails, C., Jolia-Ferrier, L., Jungwirth, S., Lenzen, M., Lewis, K., Loh, J., Marchettini,
N., Messinger, H., Milne, K., Moles, R., Monfreda, C., Moran, D., Nakano, K., Pyhéla, A.,
Rees, W., Simmons, C., Wackernagel, M., Wada, Y., Walsh, C., and Wiedmann, T. (2009)
A research agenda for improving national ecological footprint accounts. Ecological
Economics 68 (7), 1991-2007.

Klerkx, L. and Jansen, J. (2010) Building knowledge systems for sustainable agriculture:
Supporting private advisors to adequately address sustainable farm management in regular
service contacts. International Journal of Agricultural Sustainability 8 (3), 148-163.

Klerkx, L. and Proctor, A. (2013) Beyond fragmentation and disconnect: Networks for
knowledge exchange in the English land management advisory system. Land Use
Policy 30 (1), 13-24.

Klerkx, L., Schut, M., Leeuwis, C., and Kilelu, C. (2012) Advances in knowledge
brokering in the agricultural sector: Towards innovation system facilitation. Institute of
Development Studies, Oxford, England. IDS Bulletin. Volume 43, Number 5. September
2012.

Klevenhusen, F., Kreuzer, M., and Soliva, C. R. (2010) Enteric and manure-derived
methane and nitrogen emissions as well as metabolic energy losses in cows fed balanced
diets based on maize, barley or grass hay. Animal 5 (03), 450-461.

Kriegler, E., O’Neill, B. C., Hallegatte, S., Kram, T., Lempert, R. J., Moss, R. H., and
Wilbanks, T. (2012) The need for and use of socio-economic scenarios for climate change
analysis: A new approach based on shared socio-economic pathways. Global
Environmental Change 22 (4), 807-822.

Lachance, Jr 1., Godbout, S., Lemay, S. P., Larouche, J. P., and Pouliot, F. (2005)
Separation of pig manure under slats: To reduce releases in the environment. ASAE Paper
No. 054159.

Larsen, K., Gunnarsson-Ostling, U., and Westholm, E. (2011) Environmental scenarios
and local-global level of community engagement: Environmental justice, jams, institutions
and innovation. Futures 43 (4), 413-423.



234

Le Gal, P.-Y., Dugué, P., Faure, G., and Novak, S. (2011) How does research address the
design of innovative agricultural production systems at the farm level? A review.
Agricultural Systems 104 (9), 714-728.

Little, T. and Smith, L. (2010) A farmers guide to carbon footprint calculators. Better
Organic Business Links, Gwell Cysylltiadau Busnes Organig. [online] Organic Centre
Wales, Organic Research centre, EIm Farm. September 2010. Available at:
http://www.organiccentrewales.org.uk/uploads/carbcalcfull_report_a4.pdf [Accessed: 17-
06-2011]

Llewellyn, R. S. (2007) Information quality and effectiveness for more rapid adoption
decisions by farmers. Field Crops Research 104 (1-3), 148-156.

Lopez-Ridaura, S., Werf, H. v. d., Paillat, J. M., and Le Bris, B. (2009) Environmental
evaluation of transfer and treatment of excess pig slurry by life cycle assessment. Journal
of Environmental Management 90 (2), 1296-1304.

Lorenzoni, I., Nicholson-Cole, S., and Whitmarsh, L. (2007) Barriers perceived to
engaging with climate change among the UK public and their policy implications. Global
Environmental Change 17 (3—4), 445-4509.

Lovett, D. K., Shalloo, L., Dillon, P., and O’Mara, F. P. (2008) Greenhouse gas emissions
from pastoral based dairying systems: The effect of uncertainty and management change
under two contrasting production systems. Livestock Science 116, 260-274.

Lovett, D. K., Stack, L., Lovell, S., Callan, J., Flynn, B., Hawkins, M., and O'Mara, F. P.
(2006) Effect of feeding Yucca schidigera extract on performance of lactating dairy cows
and ruminal fermentation parameters in steers. Livestock Science 102 (1-2), 23-32.

Luo, J., de Klein, C. A. M., Ledgard, S. F., and Saggar, S. (2010) Management options to
reduce nitrous oxide emissions from intensively grazed pastures: A review. Agriculture,
Ecosystems and Environment 136 (3-4), 282-291.

Machmdlller, A. (2006) Medium-chain fatty acids and their potential to reduce
methanogenesis in domestic animals. Agriculture, Ecosystems and Environment 112, 107-
114.

Machmulller, A., Ossowski, D. A., and Kreuzer, M. (2006) Effect of fat supplementation
on nitrogen utilisation of lambs and nitrogen emission from their manure. Livestock
Science 101, 159-168.

Manning, L. (2011) Personal communication. Royal Agricultural College, Cirencester,
England.

Mapfumo, P., Adjei-Nsiah, S., Mtambanengwe, F., Chikowo, R., and Giller, K. E. (2013)
Participatory Action Research (PAR) as an entry point for supporting climate change
adaptation by smallholder farmers in Africa. Environmental Development 5 (0), 6-22.


http://www.organiccentrewales.org.uk/uploads/carbcalcfull_report_a4.pdf

235

Mariola, M. J. (2012) Farmers, trust, and the market solution to water pollution: The role
of social embeddedness in water quality trading. Journal of Rural Studies 28 (4), 577-589.

Marshall, N. A., Park, S., Howden, S. M., Dowd, A. B., and Jakku, E. S. (2013) Climate
change awareness is associated with enhanced adaptive capacity. Agricultural Systems 117
(0), 30-34.

Massé, D. I., Massé, L., Claveau, S., Benchaar, C., and Thomas, O. (2008) Methane
emissions from manure storages. Trans. American Society of Agricultural and Biological
Engineers 51, 1775-1781.

Matous, P., Todo, Y., and Mojo, D. (2012) Roles of extension and ethno-religious
networks in acceptance of resource-conserving agriculture among Ethiopian farmers.
International Journal of Agricultural Sustainability, 1-16.

McCown, R. L. (2002) Changing systems for supporting farmers' decisions: Problems,
paradigms, and prospects. Agricultural Systems 74 (1), 179-220.

McCown, R. L., Carberry, P. S., Dalgliesh, N. P., Foale, M. A., and Hochman, Z. (2012)
Farmers use intuition to reinvent analytic decision support for managing seasonal climatic
variability. Agricultural Systems 106 (1), 33-45.

McGinn, S. M., Beauchemin, K. A., Coates, T., and Colombatto, D. (2004) Methane
emissions from beef cattle: Effects of monensin, sunflower oil, enzymes, yeast, and
fumaric acid. Journal of Animal Science 82, 3346-3356.

McKenzie F. (2011) Farmer-driven innovation in New South Wales, Australia. Australian
Geographer 44 (1), 81-95.

Menneer, J. C., Ledgard, S., McLay, C., and Silvester, W. (2005). Animal treading
stimulates denitrification in soil under pasture. Soil Biology and Biochemistry 37 (9),
1625-1629.

Michel-Guillou, E. and Moser, G. (2006) Commitment of farmers to environmental
protection: From social pressure to environmental conscience. Journal of Environmental
Psychology 26 (3), 227-235.

Mills, J., Gaskell, P., Reed, M., Short, C., Ingram, J., Boatman, N., Jones, N., Conyers, S.,
Carey, P., Winter, M., and Lobley, M. (2013) Farmer attitudes and evaluation of outcomes
to on-farm environmental management. [online] Report to Department for Environment,
Food and Rural Affairs (Defra). CCRI:  Gloucester.  Available at:
http://randd.defra.gov.uk/Document.aspx?Document=10571 FarmerAttitudesSummaryFin
alReport.pdf [Accessed: 20-02-2013]

Misselbrook, T. H., Brookman, S. K. E., Smith, K. A., Cumby, T., Williams, A. G., and
McCrory, D. F. (2005a) Atmospheric pollutants and trace gases — Crusting of stored dairy
slurry to abate ammonia emissions: Pilot-Scale Studies. Journal of Environmental Quality
34 (2), 411-419.


http://randd.defra.gov.uk/Document.aspx?Document=10571_FarmerAttitudesSummaryFinalReport.pdf
http://randd.defra.gov.uk/Document.aspx?Document=10571_FarmerAttitudesSummaryFinalReport.pdf

236

Misselbrook, T. H., Cape, J. N., Cardenas, L. M., Chadwick, D. R., Dragosits, U., Hobbs,
P. J., Nemitz, E., Reis, S., Skiba, U., and Sutton, M. A. (2011) Key unknowns in
estimating atmospheric emissions from UK land management. Atmospheric
Environment 45 (5), 1067-1074.

Misselbrook, T. H., Powell, J. M., Broderick, G. A., and Grabber, J. H. (2005b) Dietary
manipulation in dairy cattle: Laboratory experiments to assess the influence on ammonia
emissions. Journal of Dairy Science 88 (5), 1765-77.

Misselbrook, T. H., Smith, K. A., Johnson, R. A., and Pain, B. F. (2002) Slurry
application techniques to reduce ammonia emissions: Results of some UK field-scale
experiments. Biosystems Engineering 81, 313-321.

Misselbrook, T. H., Webb, J., Chadwick, D. R., Ellis, S., and Pain, B. F. (2001) Gaseous
emissions from outdoor concrete yards used by livestock. Atmospheric Environment 35,
5331-5338.

Misselbrook, T. H., Webb, J., and Gilhespy, S. L. (2006) Ammonia emissions from
outdoor concrete yards used by livestock — Quantification and mitigation. Atmospheric
Environment 40 (35), 6752-6763.

Mosquera, J., Hol, J. M. G., Rappoldt, C., and Dolfing, J. (2007) Precise soil management
as a tool to reduce CH4 and N,O emissions from agricultural soils. Report 28. [online]
Wageningen. 42 pp. Available at: http://library.wur.nl/way/bestanden/clc/1855879.pdf
[Accessed: 05-03-2011]

Mugnier, S., Magne, M. A., Pailleux, J. Y., Poupart, S., and Ingrand, S. (2012)
Management priorities of livestock farmers: A ranking system to support advice. Livestock
Science 144 (1-2), 181-1809.

Natural England (2011) NE290. Look after your land with Environmental Stewardship.
[online] DEFRA, Natural England, The European Agricultural Fund for Rural
Development. February 2011. Available at:
http://publications.naturalengland.org.uk/category/45001 [Accessed: 22-03-2013]

Natural England (2012) TIN145. The value of nature: How Environmental Stewardship
can benefit farming. [online] Natural England. First edition 18 December 2012. Available
at: http://publications.naturalengland.org.uk/category/45001 [Accessed: 22-03-2013]

Narayan, D. (1999) Bonds and bridges: Social capital and poverty. [online] Poverty Group,
Prem. Washington, DC. The World Bank. July 1999. Available at:
http://info.worldbank.org/etools/docs/library/9747/narayan.pdf [Accessed: 10-04-2013]

Nemecek, T., Dubois, D., Huguenin-Elie, O., and Gaillard, G. (2011) Life cycle
assessment of Swiss farming systems: I. Integrated and organic farming. Agricultural
Systems 104 (3), 217-232.


http://library.wur.nl/way/bestanden/clc/1855879.pdf
http://publications.naturalengland.org.uk/category/45001
http://publications.naturalengland.org.uk/category/45001
http://info.worldbank.org/etools/docs/library/9747/narayan.pdf

237

Nemecek, T., von Richthofen, J., Dubois, G., Casta, P., Charles, R., and Pahl, H. (2008)
Environmental impacts of introducing grain legumes into European crop rotations.
European Journal of Agronomy28 (3), 380-393.

Newell, B., Crumley, C. L., Hassan, N., Lambin, E. F., Pahl-Wostl, C., Underdal, A., and
Wasson, R. (2005) A conceptual template for integrative human—environment research.
Global Environmental Change 15 (4), 299-307.

NFU (2011) Meeting the Challenge: Greenhouse Gas Action Plan. Delivery of Phase I:
2010-2012. Agricultural Industry Greenhouse Gas Action Plan. [online] National Farmers
Union. 4 April 2011. Available at:
http://www.ahdb.org.uk/projects/documents/GHGAPDeliveryPlan04April2011.pdf
[Accessed: 17-12-2012]

NFU (2012) Meeting the Challenge: Greenhouse Gas Action Plan. Progress report and
Phase 11 Delivery. Agricultural Industry Greenhouse Gas Action Plan. [online] National
Farmers Union. April 2012. Available at:
http://www.ahdb.org.uk/projects/documents/GHGAPprogressreportApril2012.pdf
[Accessed: 02-01-2013]

O’Brien, K., Eriksen, S., Schjolden, A., and Nygaard L. (2004) What’s in a word?
Conflicting interpretations of vulnerability in climate change research. [online] CICERO
Working  Paper  2004:.04. March 2004. Oslo, Norway. Available at:
http://www.cicero.uio.no/media/2682.pdf [Accessed: 02-03-2014]

OECD (2010) Linkages between agricultural policies and environmental effects: Using the
OECD stylised agri-environmental policy impact model. [online] OECD Publishing.
Available at: doi: 10.1787/9789264095700-en [Accessed: 06-06-2013]

Oenema, J., van Keulen, H., Schils, R. L. M., and Aarts, H. F. M. (2011) Participatory
farm management adaptations to reduce environmental impact on commercial pilot dairy
farms in the Netherlands. NJAS - Wageningen Journal of Life Sciences 58 (1-2), 39-48.

Oliver, D. M., Fish, R. D., Winter, M., Hodgson, C. J., Heathwaite, A. L., and Chadwick,
D. R. (2012) Valuing local knowledge as a source of expert data: Farmer engagement and
the design of decision support systems. Environmental Modelling & Software 36 (0), 76-
85.

Oreszczyn, S., Lane, A., and Carr, S. (2010) The role of networks of practice and webs of
influencers on farmers' engagement with and learning about agricultural innovations.
Journal of Rural Studies 26 (4), 404-417.

Osterblom, H., Gardmark, A., Bergstrom, L., Miiller-Karulis, B., Folke, C., Lindegren, M.,
Casini, M., Olsson, P., Diekmann, R., Blenckner, T., Humborg, C., and Mdéllmann, C.
(2010) Making the ecosystem approach operational — Can regime shifts in ecological and
governance systems facilitate the transition? Marine Policy 34 (6), 1290-1299.


http://www.ahdb.org.uk/projects/documents/GHGAPDeliveryPlan04April2011.pdf
http://www.ahdb.org.uk/projects/documents/GHGAPprogressreportApril2012.pdf
http://www.cicero.uio.no/media/2682.pdf
http://dx.doi.org/10.1787/9789264095700-en

238

Ostrom, E. (2000) Collective action and the evolution of social norms. Journal of
Economic Perspectives 14(3), 137-158.

Ozdemir, R. S., St. Louis, K. O., and Topbas, S. (2011) Public attitudes toward stuttering
in Turkey: Probability versus convenience sampling. Journal of Fluency Disorders 36 (4),
262-267.

Patra, A. K. and Saxena, J. (2010) A new perspective on the use of plant secondary
metabolites to inhibit methanogenesis in the rumen. Phytochemistry 71, 1198-1222.

Peer, V. and Stoeglehner, G. (2013) Universities as change agents for sustainability —
Framing the role of knowledge transfer and generation in regional development processes.
Journal of Cleaner Production 44 (0), 85-95.

Pelletier, N., Pirog, R., and Rasmussen, R. (2010) Comparative life cycle environmental
impacts of three beef production strategies in the Upper Midwestern United States.
Agricultural Systems 103 (6), 380-389.

Petersen, S., Schjonning, P., Thomsen, 1., and Christensen, B. (2008) Nitrous oxide
evolution from structurally intact soil as influenced by tillage and soil water content. Soil
Biology and Biochemistry 40 (4), 967-977.

Philippe, F.-X., Laitat, M., Canart, B., Farnir, F., Massart, L., Vandenheede, M., and Nicks,
B. (2006) Effects of a reduction of diet crude protein content on gaseous emissions from
deep-litter pens for fattening pigs. Animal Reserach 55, 397-407.

Philippe, F.-X., Laitat, M., Canart, B., Vandenheede, M., and Nicks, B. (2007) Gaseous
emissions during the fattening of pigs kept either on fully slatted floors or on straw flow.
Animal 1 (10), 1515-1523.

Phillipson, J., Lowe, P., Proctor, A., and Ruto, E. (2012) Stakeholder engagement and
knowledge exchange in environmental research. Journal of Environmental
Management 95 (1), 56-65.

Plummer, R. and Armitage, D. (2007) A resilience-based framework for evaluating
adaptive co-management: Linking ecology, economics and society in a complex world.
Ecological Economics 61 (1), 62-74.

Power, A. G. (2010) Ecosystem services and agriculture: Trade-offs and synergies.
Philosophical Transactions of the Royal Society. Biological Sciences 365, 2959-2971.

Pretty, J. and Buck, L. E. (2002) Social capital and social learning in the process of natural
resource management. In: C. B. Barrett, F. Place and A. A. Aboud (eds.), Natural
Resources Management in African Agriculture. Nairobi: ICRAF and CABI Publishing.

Raymond, C. M., Fazey, I., Reed, M. S., Stringer, L. C., Robinson, G. M., and Evely, A. C.
(2010) Integrating local and scientific knowledge for environmental management. Journal
of Environmental Management 91 (8), 1766-1777.



239

Robards, M. D., Schoon, M. L., Meek, C. L., and Engle, N. L. (2011) The importance of
social drivers in the resilient provision of ecosystem services. Global Environmental
Change 21 (2), 522-529.

Robertson, L. J. and Waghorn, G. C. (2002). Dairy industry perspectives on methane
emissions and production from cattle fed pasture or total mixed rations in New Zealand.
Proceeding of the New Zealand Society of Animal Production 62, 213-218.

Rdéckmann, C., Ulrich, C., Dreyer, M., Bell, E., Borodzicz, E., Haapasaari, P., Hauge, K.
H., Howell, D., Mantyniemi, S., Miller, D., Tserpes, G., and Pastoors, M. (2012) The
added value of participatory modelling in fisheries management — What has been learnt?
Marine Policy 36 (5), 1072-1085.

Rodhe, L., Ascue, J., and Nordberg, A. (2009) Emissions of greenhouse gases (methane
and nitrous oxide) from cattle slurry storage in Northern Europe. IOP Conference Series:
Earth and Environmental Science, 8, 0120109.

Rodhe, L., Pell, M., and Yamulki, S. (2006) Nitrous oxide, methane and ammonia
emissions following slurry spreading on grassland. Soil Use Management 22, 229-237.

Rétter, R. P., Ewert, F., Palosuo, T., Bindi, M., Kersebaum, K. C., Olesen, J. E., Trnka, M.,
van Ittersum, M. K., Janssen, S., Rivington, M., Semenov, M., Wallach, D., Porter, J. R.,
Stewart, D., Verhagen, J., Angulo, C., Gaiser, T., Nendel, C., Martre, P., and de Wit, A.
(2013) Challenges for agro-ecosystem modelling in climate change risk assessment for
major European crops and farming systems. Impacts World 2013, International
Conference on Climate Change Effects, Potsdam, May 27-30. [online] Available at:
http://www.climate-impacts-2013.org/files/wism_roetter 1.pdf [Accessed: 10-06-2013]

Rotz, C. A. (2004) Management to reduce nitrogen losses in animal production. Journal of
Animal Science 82 (1), 119-137.

Rotz, C. A., Montes, F., and Chianese, D. S. (2010) The carbon footprint of dairy
production systems through partial life cycle assessment. Journal of Dairy Science 93 (3),
1266-1282.

RPA (2009) Single payment scheme cross compliance guidance for soil management.
2010 edition. [online] Rural Payments Agency and Department for Environment, Food and
Rural Affairs. December 2009. Available at:
http://rpa.defra.gov.uk/rpa/index.nsf/0/2ba694d4a8a991478025768e005e67c0/$FILE/Cros
s%20Compliance%20Guide%20t0%20S0il%20Management%202010%20edition.pdf
[Accessed: 22-03-2013]

RPA (2011) Guidance for cross compliance in England: Management of habitats and
landscape features. 2011 edition. [onine] Rural Payments Agency and Department for
Environment, Food and Rural Affairs. February 2011. Available at:
http://rpa.defra.gov.uk/rpa/index.nsf/0/06839f56a79913a880257850004ed22f/$FILE/Cross



http://www.climate-impacts-2013.org/files/wism_roetter_1.pdf
http://rpa.defra.gov.uk/rpa/index.nsf/0/2ba694d4a8a991478025768e005e67c0/$FILE/Cross%20Compliance%20Guide%20to%20Soil%20Management%202010%20edition.pdf
http://rpa.defra.gov.uk/rpa/index.nsf/0/2ba694d4a8a991478025768e005e67c0/$FILE/Cross%20Compliance%20Guide%20to%20Soil%20Management%202010%20edition.pdf
http://rpa.defra.gov.uk/rpa/index.nsf/0/06839f56a79913a880257850004ed22f/$FILE/Cross%20compliance%20Habitats%20and%20Landscape%20Features%20v1.0.pdf

240

%20compliance%20Habitats%20and%20Landscape%20Features%20v1.0.pdf [Accessed:
22-03-2013]

RPA (2012) The guide to cross compliance in England. 2013 edition. [online] Rural
Payments Agency and Department for Environment, Food and Rural Affairs. December
2012. Available at:
http://rpa.defra.gov.uk/rpa/index.nsf/vContentByTaxonomy/C469AD87D7F02D5F80257
AC5003B49BF/$FILE/Cross%20compliance%20guidance%202013%20v2.0.pdf
[Accessed: 22-03-2013]

Russell, S. (2011) Corporate greenhouse gas inventories for the agricultural sector:
Proposed accounting and reporting steps. WRI Working Paper. [online] World Resources
Institute, Washington, DC. 29 pp. Available at:
http://pdf.wri.org/working_papers/corporate_ghg_inventories_for_the agricultural_sector.
pdf [Accessed: 19-12-2011]

Rydberg, A., Olsson, J., Gilbertsson, M., and Algerbo, P.-A. (2008) Data- och
informationshantering i lantbruket - ett vaxande problem. Rapporter lantbruk och industri,
R 365.

Saggar, S., Giltrap, D. L., Li, C., and Tate, K. R. (2007) Modelling nitrous oxide emissions
from grazed grasslands in New Zealand. Agriculture, Ecosystems & Environment 119 (1-
2), 205-216.

Savory, A. (1991) Holistic resource management: a conceptual framework for ecologically
sound and economic modelling. Ecological Economics 3, 181-191.

Schils, R. L. M., Olesen, J. E., del Prado, A., and Soussana, J. F. (2007) A review of farm
level modelling approaches for mitigating greenhouse gas emissions from ruminant
livestock systems. Livestock Science 112 (3), 240-251.

Schils, R. L. M., Verhagen, A., Aarts, H. F. M., Kuikman, P. J., and Sebek, L. B. J. (2006)
Effect of improved nitrogen management on greenhouse gas emissions from intensive
dairy systems in the Netherlands. Global Change and Biology 12, 382-391.

Schmidt, J. (2004) The importance of system boundaries for LCA on large material flows
of vegetable oils. [online] Fourth SETAC World Congress. 14-18 November 2004,
Portland, Oregon, USA. Available at:
http://people.plan.aau.dk/~jannick/Publications/Textversion_Poster SETAC_Portland.pdf
[Accessed: 25-04-2011]

Scholz, R. W., Lang, D. J., Wiek, A., Walter, A. |., and Stauffacher, M. (2006)
Transdisciplinary case studies as a means of sustainability learning. Historical framework
and theory. International Journal of Sustainability in Higher Education 7 (3), 226-251.

Scholl, R. and Binder, C. (2009) Comparing system visions of farmers and experts.
Futures 41 (9), 631-649


http://rpa.defra.gov.uk/rpa/index.nsf/0/06839f56a79913a880257850004ed22f/$FILE/Cross%20compliance%20Habitats%20and%20Landscape%20Features%20v1.0.pdf
http://rpa.defra.gov.uk/rpa/index.nsf/vContentByTaxonomy/C469AD87D7F02D5F80257AC5003B49BF/$FILE/Cross%20compliance%20guidance%202013%20v2.0.pdf
http://rpa.defra.gov.uk/rpa/index.nsf/vContentByTaxonomy/C469AD87D7F02D5F80257AC5003B49BF/$FILE/Cross%20compliance%20guidance%202013%20v2.0.pdf
http://pdf.wri.org/working_papers/corporate_ghg_inventories_for_the_agricultural_sector.pdf
http://pdf.wri.org/working_papers/corporate_ghg_inventories_for_the_agricultural_sector.pdf
http://people.plan.aau.dk/~jannick/Publications/Textversion_Poster_SETAC_Portland.pdf

241

Schouten, M. A. H., van der Heide, C. M., Heijman, W. J. M., and Opdam, P. F. M. (2012)
A resilience-based policy evaluation framework: Application to European Rural
Development Policies. Ecological Economics 81 (0), 165-175.

Shen, Y., Ren, L., Li, G., Chen, T., and Guo, R. (2011) Influence of aeration on CH4, N,O
and NH3 emissions during aerobic composting of a chicken manure and high C/N waste
mixture. Waste management (New York, N.Y.) 31 (1), 33-8.

Shortall, S. (2008) Are rural development programmes socially inclusive? Social inclusion,
civic engagement, participation, and social capital: Exploring the differences. Journal of
Rural Studies 24 (4), 450-457.

Sjogersten, S., Atkin, C., Clarke, M. L., Mooney, S. J., Wu, B., and West, H. M. (2013)
Responses to climate change and farming policies by rural communities in Northern
China: A report on field observation and farmers’ perception in dryland North Shaanxi and
Ningxia. Land Use Policy 32 (0), 125-133.

Smith J. (2011) Climate Friendly Food Carbon Calculator [online] Available at:
http://www.cffcarboncalculator.org.uk/ [Accessed: 01-03-2011]

Smith, P., Martino, D., Cai, Z., Gwary, D., Janzen, H., Kumar, P., McCarl, B., Ogle, S.,
O'Mara, F., Rice, C., Scholes, B., and Sirotenko, O. (2007) Chapter 8. Agriculture. In:
Metz, B., Davidson, O.R., Bosch, P.R., Dave, R., and Meyer, L.A. (Eds.), Climate Change
2007: Mitigation. Contribution of Working Group 111 to the Fourth Assessment Report of
the Intergovernmental Panel on Climate Change. [online] Cambridge University Press,
Cambridge, United Kingdom, pp. 498-540. Available at:
http://www.ipcc.ch/pdf/assessment-report/ard/wg3/ar4-wg3-chapter8.pdf [Accessed: 25-
06-2011]

Snyder, C. S., Bruulsema, T. W., Jensen, T. L., and Fixen, P. E. (2009) Review of
greenhouse gas emissions from crop production systems and fertilizer management effects.
Environment 133, 247-266.

Soil Association (2012) Soil Association organic standards. Farming and growing.
Revision 16.7 [online] Soil Association. August 2012. pp. 241. Available at:
http://www.soilassociation.org/organicstandards [Accessed: 15-10-2012]

Solano, C., Leon, H., Pérez, E., Tole, L., Fawcett, R. H., Herrero, M. (2006) Using farmer
decision-making profiles and managerial capacity as predictors of farm management and
performance in Costa Rican dairy farms. Agricultural Systems 88, 395-428.

Sommer, S. G, Olesen, J. E., Petersen, S. O., Weisbjerg, M. R., Valli, L., Rodhe, L., and
Béline, F. (2009) Region-specific assessment of greenhouse gas mitigation with different
manure management strategies in four agroecological zones. Global Change and Biology
15, 2825-2837.


http://www.cffcarboncalculator.org.uk/
http://www.ipcc.ch/pdf/assessment-report/ar4/wg3/ar4-wg3-chapter8.pdf
http://www.soilassociation.org/organicstandards

242

Sommer, S. G., Petersen, S. O., Sgrensen, P., Poulsen, H. D., and Mgller, H. B. (2007)
Methane and carbon dioxide emissions and nitrogen turnover during liquid manure storage.
Nutrient Cycling in Agroecosystems 78 (1), 27-36.

Stenglein, R. M., Clanton, C. J., Schmidt, D. R., Jacobson, L. D., and Janni, K. A. (2011)
Impermeable covers for odor and air pollution. Air quality education in animal agriculture.
Mitigation strategies: Covers -2. [online] USDA National Institute of Food and Agriculture.
April 2011. pp. 1-12. Available at:
http://www.extension.org/sites/default/files/Impermeable%20covers%20FINAL.pdf
[Accessed: 14-11-2011]

Sutherland, L. (2010) Environmental grants and regulations in strategic farm business
decision-making: A case study of attitudinal behaviour in Scotland. Land Use Policy 27
(2), 415-423.

Sutherland, L., Gabriel, D., Hathaway-Jenkins, L., Pascual, U., Schmutz, U., Rigby, D.,
Godwin, R., Sait, S. M., Sakrabani, R., Kunin, W. E., Benton, T. G., and Stagl, S. (2012)
The ‘Neighbourhood Effect’: A multidisciplinary assessment of the case for farmer co-
ordination in agri-environmental programmes. Land Use Policy 29 (3), 502-512.

Swanson, B. E. and Rajalahti, R. (2010) Strengthening agricultural extension and advisory
systems: Procedures for assessing, transforming and evaluating extension systems. [online]
World Bank Agriculture and Rural Development discussion paper 45. Washington DC:
IBRD / World Bank. Available at:
http://siteresources.worldbank.org/INTARD/Resources/Stren_combined_web.pdf
[Accessed: 02-05-2013]

Swinton, S. M., Lupi, F., Robertson, G. P., and Hamilton, S. K. (2007) Ecosystem services
and agriculture: Cultivating agricultural ecosystems for diverse benefits. Ecological
Economics 64 (2), 245-252.

Szanto, G. L., Hamelers, H. V. M., Rulkens, W. H., and Veeken, A. H. M. (2007) NHs,
N.O and CH,4 emissions during passively aerated composting of straw-rich pig manure.
Bioresource Technology 98 (14), 2659-70.

Tam, J. and McDaniels, T. L. (2013) Understanding individual risk perceptions and
preferences for climate change adaptations in biological conservation. Environmental
Science & Policy 27, 114-123.

Thomassen, M. A., van Calker, K. J., Smits, M. C. J., lepema, G. L., and de Boer, I. J. M.
(2008) Life cycle assessment of conventional and organic milk production in the
Netherlands. Agricultural Systems 96 (1-3), 95-107.

Thorman, R. E., Chadwick, D. R., Boyles, L. O., and Matthews, R. (2006) Nitrous oxide
emissions during storage of broiler litter and following application to arable land.
International Congress Series, 1293, 355-358.


http://www.extension.org/sites/default/files/Impermeable%20covers%20FINAL.pdf
http://siteresources.worldbank.org/INTARD/Resources/Stren_combined_web.pdf

243

Thorman, R. E., Chadwick, D. R., Harrison, R., Boyles, L., and Matthews, R. A. (2007)
The effect on N,O emissions of storage conditions and rapid incorporation of pig and
cattle farmyard manure into tillage land. Biosystems Engineering 97 (4), 501-511.

Thorman, R. E., Harrison, R., Cooke, S. D., Chadwick, D. R., Burston, M., and Balsdon, S.
L. (2003) Nitrous oxide emissions from slurry- and straw-based systems for cattle and pigs
in relation to emissions of ammonia. In: McTaggart, I., & Gairns, L. (Eds.), Proceedings of
SAC/SEPA Conference on Agriculture, Waste and the Environment. Edinburgh (UK), 26-
28 March 2002, pp. 26-32.

Tihanyi, K., Mabaya, E., Karaan, M., and van Rooyen, J. (2011) Case studies of emerging
farmers and agribusinesses in South Africa. Sun Press, Stellenbosch, South Africa, pp. 18-
21.

Tol, R. S. J. (2005) Adaptation and mitigation: Trade-Offs in substance and methods.
Environmental Science & Policy 8 (6), 572-578.

Turnbull, J. H. and Kamthunzi, W. (2004) Greenhouse gas emissions reduction associated
with livestock waste management systems: A case study of Langerwerf dairy waste
management system. [online] IEA Bioenergy Report 2005:03. Available at:
http://www.ieabioenergy-task38.org/projects/task38casestudies/usa-fullreport.pdf
[Accessed: 18-02-2011]

UNFCCC (2011) National Emissions Inventory reports. United Nations Framework
Convention on Climate Change. [online] Available at:
http://unfccc.int/national_reports/annex_i_ghg_inventories/national _inventories_submissio
ns/items/5888.php [Accessed: 16-02-2011]

United Kingdom Parliament (2008) UK Climate Change Act 2008. Chapter 27. [online]
London, United Kingdom. Available at: http://www.legislation.gov.uk/ukpga/2008/27
[Accessed: 16-02-2011]

United Nations (1998) Kyoto Protocol to the United Nations Framework Convention on
Climate Change. [online] Kyoto, Japan. Available at:
http://unfccc.int/resource/docs/convkp/kpeng.pdf [Accessed: 16-02-2011]

van der Stelt, B., Temminghoff, E. J. M., van Vliet, P. C. J., and van Riemsdijk, W. H.
(2007) Volatilization of ammonia from manure as affected by manure additives,
temperature and mixing. Bioresource Technology 98 (18), 3449-55.

van der Zaag, A. C., Gordon, R. J., Jamieson, R.C., Burton, D. L., and Stratton, G. W.
(2010) Effects of winter storage conditions and subsequent agitation on gaseous emissions
from liquid dairy slurry. Canadian Journal of Soil Science 90, 229-239.

van Rijnsoever, F. J. and Hessels, L. K. (2011) Factors associated with disciplinary and
interdisciplinary research collaboration. Research Policy 40 (3), 463-472.


http://www.ieabioenergy-task38.org/projects/task38casestudies/usa-fullreport.pdf
http://unfccc.int/national_reports/annex_i_ghg_inventories/national_inventories_submissions/items/5888.php
http://unfccc.int/national_reports/annex_i_ghg_inventories/national_inventories_submissions/items/5888.php
http://www.legislation.gov.uk/ukpga/2008/27
http://unfccc.int/resource/docs/convkp/kpeng.pdf

244

van Vugt, S. J.,, Waghorn, G. C., Clark, D. A., Woodward, S. L. (2005) Impact of
monensin on methane production and performance of cows fed forage diets. Proceedings
from the New Zealand Society of Animal Production, 65, 362-366.

Vellinga, T. V., de Haan, M. H. A., Schils, R. L. M., Evers, A., and van den Pol-van
Dasselaar, A. (2011) Implementation of GHG mitigation on intensive dairy farms:
Farmers’ preferences and variation in cost effectiveness. Livestock Science 137 (1-3), 185-
195.

Velthof, G. L. and Mosquera, J. (2011) The impact of slurry application technique on
nitrous oxide emission from agricultural soils. Agriculture, Ecosystems & Environment
140 (1-2), 298-308.

Vignola, R., Koellner, T., Scholz, R. W., and McDaniels, T. L. (2010) Decision-making by
farmers regarding ecosystem services: Factors affecting soil conservation efforts in Costa
Rica. Land Use Policy 27 (4), 1132-1142.

Virji, H., Padgham, J., and Seipt, C. (2012) Capacity building to support knowledge
systems for resilient development — Approaches, actions, and needs. Current Opinion in
Environmental Sustainability 4 (1), 115-121.

Vogel, 1. (2012) Review of the use of ‘Theory of Change’ in international development.
[online] Review Report for the UK Department of International Development. April 2012.
Available at:
http://r4d.dfid.gov.uk/pdf/outputs/mis_spc/DFID_ToC Review_VogelV7.pdf [Accessed:
10-06-2013]

Waghorn, G. C. and Clark, D. A. (2004) Feeding value of pastures for ruminants. New
Zealand Veterinary Journal 52 (6), 320-331.

Waghorn, G. C. and Hegarty, R. S. (2011) Lowering ruminant methane emissions through
improved feed conversion efficiency. Animal Feed Science and Technology 166-167, 291-
301.

Waghorn, G. C., Clark, H., Taufa, V., and Cavanagh, A. (2008) Monensin controlled
release capsules for methane mitigation in pasture-fed dairy cows. Australian Journal of
Experimental Agriculture 48, 65-68.

Wallgren, A. and Wallgren, B. (2010) Using administrative registers for agricultural
statistics. In: Agricultural Survey Methods. Edited by R. Benedetti, M. Bee, G. Espa and F.
Piersimoni. 2010. John Wiley & Sons Ltd. Rome, Italy. p.29.

Walker, B., Holling, C. S., Carpenter, S. R., and Kinzig. A. (2004) Resilience, adaptability
and transformability in social-ecological systems. Ecology and Society 9 (2), 5.

Wang, Y., McAllister, T. A., Newbold, C. J., Rode, L. M., Cheeke, P. R., and Cheng, K.-J.
(1998) Effects of Yucca schidigera extracts on fermentation and degradation of steroidal


http://r4d.dfid.gov.uk/pdf/outputs/mis_spc/DFID_ToC_Review_VogelV7.pdf

245

saponins in the rumen simulation technique (RUSITEC). Animal Feed Science and
Technology 74, 143-153.

Ward, S. (2011) CALM Calculator. e-mail to S. Burbi (Sara.Burbi@student.rac.ac.uk), 16
Dec. [16-12-2011]

Webb, J., Sommer, S. G., Kupper, T., Groenestein, K., Hutchings, N. J., Eurich-Menden,
B., Rodhe, L., Misselbrook, T. H., and Amon, B. (2011) Emissions of ammonia, nitrous
oxide and methane during the management of solid manures. Agroecology and Strategies
for Climate Change, Sustainable Agriculture Reviews 8, pp. 67-107.

Weichselgartner, J. and Kasperson, R. (2010) Barriers in the science-policy-practice
interface: Toward a knowledge-action-system in global environmental change research.
Global Environmental Change 20 (2), 266-277.

Weimer, P. J., Stevenson, D. M., Mertens, D. R., and Hall, M. B. (2011) Fibre digestion,
VFA production, and microbial population changes during in vitro ruminal fermentations
of mixed rations by monensin-adapted and unadapted microbes. Animal Feed Science and
Technology 169 (1-2), 68-78.

Wesnhas, M., Wenzel, H. and Petersen, B. M. (2009) Life cycle assessment of slurry
management technologies. [online] Danish Ministry of the Environment. Environmental
Protection Agency. Environmental Project Miljgprojekt No. 1298 2009. Available at:
http://www?2.mst.dk/udgiv/publications/2009/978-87-92548-20-7/pdf/978-87-92548-21-
4.pdf [Accessed: 10-03-2011]

Wheeler, S., Zuo, A., and Bjornlund, H. (2013) Farmers’ climate change beliefs and
adaptation strategies for a water scarce future in Australia. Global Environmental
Change 23 (2), 537-547.

Wohlgemut, O. (2010) Co-digestion of hog manure with glycerol to boost biogas and
methane production. [online] Thesis. MSc Civil Engineering. University of Manitoba,
Canada. Available at:
http://mspace.lib.umanitoba.ca/jspui/bitstream/1993/3127/1/Oswald%20Thesis.pdf
[Accessed: 05-01-2012]

Yamulki, S. (2006) Effect of straw addition on nitrous oxide and methane emissions from
stored farmyard manures. Agriculture, Ecosystems and Environment 112, 140-145.


mailto:Sara.Burbi@student.rac.ac.uk
http://www2.mst.dk/udgiv/publications/2009/978-87-92548-20-7/pdf/978-87-92548-21-4.pdf
http://www2.mst.dk/udgiv/publications/2009/978-87-92548-20-7/pdf/978-87-92548-21-4.pdf
http://mspace.lib.umanitoba.ca/jspui/bitstream/1993/3127/1/Oswald%20Thesis.pdf

Appendix |

Field study

.1  Sample of guidelines for GHG emission mitigation
1.2  Sample reports

.3  Questionnaire on farmers’ attitudes and perceptions of GHG emission
mitigation



Appendix I. Field study

.1 Sample of guidelines for GHG emission mitigation
This section features an extract of the guidelines booklet used during the field assessment.

Guidelines for practices related to manure storage and treatment are reported.
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Introduction

This booklet is aimed at providing support to livestock farmers wanting to
reduce the carbon footprint of their farm. The booklet can be used with
the decision support tool developed by the same team, or as an
informative summary of farm practices that reduce greenhouse gas (GHG)
emissions. Pollutants taken into account are methane (CH,), nitrous oxide
(N,O) and other nitrogen losses, such as ammonia (NH;) and nitrogen
oxides (NO,).

The guidelines are divided in 5 sections, representing the key areas where
greenhouse gases can be reduced. They are based on up-to-date
knowledge on greenhouse gas emissions, their sources and the
effectiveness of the mitigation strategies most commonly applied in
Europe and the United States. Clear figures are given for the expected
outcomes, e.g. -15% CH,;, and a short explanation of the processes
involved is also provided.

For further information, please contact:

Sara Burbi, PhD researcher

Royal Agricultural College
Cirencester, Glos., GL7 6JS, England
Tel.: 01285 652531 ext. 2366

M.: 07503 224061
sara.burbi@rac.ac.uk



Section 3. MANURE STORAGE AND TREATMENT

Ref #
ST1

ST2

ST3

Guidelines
Use liquid fraction for
anaerobic digestion

Liquid fraction aeration

Addition of glycerol

Liquid fraction aeration

Use liquid fraction for
anaerobic digestion

Addition of glycerol

Expected outcomes
Increased NH;

Lower N,0

AD vyield +2-14.6% CH,

AD vyield +2-14.6% CH,

AD yield +200% CH,

AD yield +2-14.6% CH,

-75% CH,

AD vyield +200% CH,

Guidelines to improve farm practices and reduce greenhouse gas emissions

Further information
The slurry liquid fraction should only be aerated in then used in a
digestate. In fact, aeration usually involves mixing, without the formation
of a crust. This practice creates aerobic conditions, having multiple effects
on emissions:

(i) increased CH, yields from digestate;

(i) increased NH; emissions, which are usually reduced in anaerobic

conditions (see, ST6);
(iii) lower N,O emissions.

Intermittent mixing increases biogas production yields by maintaining an
optimum level of aeration and particles distribution. Crust layers are less
likely to consolidate and the overall yield of the biogas plant increases, at
virtually very little or no cost.

Methane yield from the digestate can double by adding 1% of glycerol. The
process remains stable, the quality of the end products do not vary and
the yield is significantly increased.

Intermittent mixing increases biogas production yields by maintaining an
optimum level of aeration and particles distribution. Crust layers are less
likely to consolidate and the overall yield of the biogas plant increases, at
virtually very little or no cost.

The use of a digestate to treat the liquid fraction has a positive impact on
methane emissions from manure, significantly lowering their impact on
the farm emissions balance.

Methane yield from the digestate can double by adding 1% of glycerol. The

process remains stable, the quality of the end products do not vary and
the yield is significantly increased.

-14 -



Section 3. MANURE STORAGE AND TREATMENT

ST4 Composting solid fraction
Addition of straw
ST5 OK
ST6 Slurry separation,
i.e. screw-press
NH;
CO,
CH,4

Prevent encrustation

Static composting:
-60% NH;

Monthly turning:
-46% N,0
-89.8% CH,
+66% NH;

-32% N,0

Pig slurry Cattle slurry
(liquid / solid)
-12% / -89.5%
-12% [/ -42.5%

-7.5% / -95%

2% [ -72%
-22% [ +4%
-22%/-80.5%

Little to no N,O emissions

Little to no N,O emissions

Guidelines to improve farm practices and reduce greenhouse gas emissions

Static composting of the solid fraction, without turning or cover, increases
its dry matter (DM) content, consequently reducing NHj; losses.

Monthly turning of the compost bed increases aeration, influencing the
porosity and the structure of the compost pile. It also helps maintaining a
more homogeneous temperature. Gaseous emissions due to anaerobic
processes are reduced, while nitrate leaching could be significantly
increased.

Mixing solid manure with straw (1 : 1 ratio) can increase the Dry Matter
content of the compost pile, influencing the C : N ratio and therefore
reducing N,O emissions.

Slurry separation, especially when combined with lower temperatures and
uncovered conditions, can effectively reduce ammonia and methane
emissions, in particular from the solid fraction. Storing fractions separately
allows a better control over factors influencing emissions: temperature,
water content, aeration, cover.

In addition, separation can increase slurry storage capacity and both
fractions will have a higher nutrient content. This is an advantage if slurry
is used as fertiliser.

Storage of liquid fraction in anaerobic conditions doesn’t promote
nitrification (NH; to NO3') and therefore, denitrification rates are also
reduced to a minimum.

The effect of encrustation of the surface of slurry or its cover is twofold: it
increases N,0O emissions but lowers NH; emissions. To effectively reduce
N,O emissions, a cover and additives can be used (see, ST7; ST25 Use of
additives).
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Section 3. MANURE STORAGE AND TREATMENT

ST6 Leave natural crust*
(cont’d)
ST7 Slurry separation,
i.e. screw-press
NH;
Co,
CH,
Homogenisation
Water addition
ST8 OK
ST9 Slurry separation,
i.e. screw-press
NH;
Cco,
CH,

-38% CH,
-50% NH;

Pig slurry
(liquid / solid)
-12% / -89.5%
-12% [/ -42.5%
-7.5% [ -95%

Cattle slurry

-2% [ -72%
-22% [ +4%
-22%/-80.5%

Little to no N,O emissions

N.A. (lower N,0 and CH,)

Pig slurry
(liquid / solid)
-12% / -89.5%
-12% / -42.5%
-7.5% [ -95%

Cattle slurry

-2% [ -72%
-22% [ +4%
-22%/-80.5%

Guidelines to improve farm practices and reduce greenhouse gas emissions

Natural crusts prevent the proliferation of aerobic microorganisms that
produce methane.

*However, the effectiveness of a natural crust can vary greatly depending
on its thickness (influence of N losses) and durability. Therefore it is
generally not advised to leave a natural crust form.

Slurry separation, especially when combined with lower temperatures and
uncovered conditions, can effectively reduce ammonia and methane
emissions, in particular from the solid fraction. Storing fractions separately
allows a better control over factors influencing emissions: temperature,
water content, aeration, cover.

In addition, separation can increase slurry storage capacity and both
fractions will have a higher nutrient content. This is an advantage if slurry
is used as fertiliser.

Storage of liquid fraction in anaerobic conditions doesn’t promote
nitrification (NH; to NO3’) and therefore, denitrification rates are also
reduced to a minimum.

N,O emissions are only registered in slurry with a dry encrusted surface, in
particular when containing straw. This is cause by the lack of oxygen and
the higher temperatures and pH developing during storage (see, ST6
Prevent encrustation).

Slurry separation, especially when combined with lower temperatures and
uncovered conditions, can effectively reduce ammonia and methane
emissions, in particular from the solid fraction. Storing fractions separately
allows a better control over factors influencing emissions: temperature,
water content, aeration, cover.

In addition, separation can increase slurry storage capacity and both
fractions will have a higher nutrient content. This is an advantage if slurry
is used as fertiliser.
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Section 3. MANURE STORAGE AND TREATMENT

ST9
(cont’d)

ST10

ST11

ST12

Slurry separation,

i.e. screw-press
NH;
C02
CH,

Sloped / slatted floors

OK

Composting dry manure

Addition of straw

Little to no N,O emissions

Pig slurry
(liquid / solid)
-12% / -89.5%
-12% / -42.5%
-7.5% / -95%

Cattle slurry

2% [ -72%
-22% [ +4%
-22%/-80.5%

Little to no N,O emissions

Little to no N,O emissions
CH, emissions vary based on
production cycle

Static composting:
-60% NH;

Monthly turning:
-46% N20
-89.8% CH,
+66% NH;

-32% N20
-45% CH,

Guidelines to improve farm practices and reduce greenhouse gas emissions

Storage of liquid fraction in anaerobic conditions doesn’t promote
nitrification (NH5 to NO3') and therefore, denitrification rates are also
reduced to a minimum.

Slurry separation, especially when combined with lower temperatures and
uncovered conditions, can effectively reduce ammonia and methane
emissions, in particular from the solid fraction. Storing fractions separately
allows a better control over factors influencing emissions: temperature,
water content, aeration, cover.

In addition, separation can increase slurry storage capacity and both
fractions will have a higher nutrient content. This is an advantage if slurry
is used as fertiliser.

Storage of liquid fraction in anaerobic conditions doesn’t promote
nitrification (NH; to NO3’) and therefore, denitrification rates are also
reduced to a minimum.

(see, Section 2. Housing, rH1 and mH1)

Static composting of the solid fraction, without turning or a cover,
increases its dry matter (DM) content, consequently reducing NH; losses.
Monthly turning of the compost bed increases aeration, influencing the
porosity and the structure of the compost pile. It also helps maintaining a
more homogeneous temperature. Gaseous emissions due to anaerobic
processes are reduced, while nitrate leaching could be significantly
increased.

Mixing solid manure with straw (1 : 1 ratio) can increase the Dry Matter

content of the compost pile, influencing the C : N ratio and therefore
reducing N,O and CH, emissions.
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Section 3. MANURE STORAGE AND TREATMENT

ST12
(cont’d)

ST13

Addition of
phosphogypsum

Composting dry manure

Addition of straw

Addition of

phosphogypsum

Addition of water

Use impermeable cover,
i.e. tarpaulin, plastic

-54% GHG
(composition: little-no N,0,
14% CH,)

Static composting:
-60% NH;

Monthly turning:
-46% N,0
-89.8% CH,4
+66% NH;

-32% N,0
-45% CH,

-54% GHG
(composition: little-no N,O,
14% CH,)

-30-70% NH3 & N,0

-60-90% NH;

Guidelines to improve farm practices and reduce greenhouse gas emissions

Phosphogypsum is a by-product of the fertiliser industry. It influences the
pH of the compost pile and its sulphur content. The majority of gaseous
losses are as CO, (lower Global Warming potential) and the end product
has potentially higher value as fertiliser, depending on its use (unchanged
N content, higher sulphur content).

Static composting of the solid fraction, without turning or cover, increases
its dry matter (DM) content, consequently reducing NH; losses.

Monthly turning of the compost bed increases aeration, influencing the
porosity and the structure of the compost pile. It also helps maintaining a
more homogeneous temperature. Gaseous emissions due to anaerobic
processes are reduced, while nitrate leaching could be significantly
increased.

Mixing solid manure with straw (1 : 1 ratio) can increase the Dry Matter
content of the compost pile, influencing the C : N ratio and therefore
reducing N,O and CH, emissions.

Phosphogypsum is a by-product of the fertiliser industry. It influences the
pH of the compost pile and its sulphur content. The majority of gaseous
losses are as CO, (lower Global Warming potential) and the end product
has potentially higher value as fertiliser, depending on its use (unchanged
N content, higher sulphur content).

The addition of water can reduce the free air space by 20-60%, lowering N
losses.

Impermeable covers provide the anaerobic conditions necessary to
prevent NH; losses. They are more expensive than other types of covers,
but they have several advantages: they are durable and can be used to
effectively capture methane produced by the manure storage units (e.g.
heap, lagoons) to take it to combustion plants such as anaerobic digesters.
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Section 3. MANURE STORAGE AND TREATMENT

ST13 Ensure cover is airtight
(cont’d) Use ventilation hoses

ST14 Composting dry manure

Addition of straw

Addition of
phosphogypsum

Addition of water

-54% CH,

Static composting:
-60% NH;

Monthly turning:
-46% N,0
-89.8% CH,4
+66% NH;

-32% N,0
-45% CH,

-54% GHG
(composition: little-no N0,
14% CH,)

-30-70% NH3 & N,0

Guidelines to improve farm practices and reduce greenhouse gas emissions

Airtight covers do not provide favourable conditions for the aerobic
microorganisms responsible for the production of CH,.

When impermeable covers are used, it is necessary to make sure the cover
is airtight to avoid gas leaks. Ideally, pipes or hoses should be used to
redirect emissions to ventilation units.

During storage of liquid manure, peaks of emissions can be registered
when the pit is covered by a thick crust and cracks occur under pressure
from gases underneath the surface.

Static composting of the solid fraction, without turning or cover, increases
its dry matter (DM) content, consequently reducing NHj; losses.

Monthly turning of the compost bed increases aeration, influencing the
porosity and the structure of the compost pile. It also helps maintaining a
more homogeneous temperature. Gaseous emissions due to anaerobic
processes are reduced, while nitrate leaching could be significantly
increased.

Mixing solid manure with straw (1 : 1 ratio) can increase the Dry Matter
content of the compost pile, influencing the C : N ratio and therefore
reducing N,O and CH, emissions.

Phosphogypsum is a by-product of the fertiliser industry. It influences the
pH of the compost pile and its sulphur content. The majority of gaseous
losses are as CO, (lower Global Warming potential) and the end product
has potentially higher value as fertiliser, depending on its use (unchanged
N content, higher sulphur content).

The addition of water can reduce the free air space by 20-60%, lowering N
losses.
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Section 3. MANURE STORAGE AND TREATMENT

ST15

Composting dry manure

Addition of straw

Addition of

phosphogypsum

Addition of water

Ensure cover is airtight
Use ventilation hoses

Static composting:
-60% NH;

Monthly turning:
-46% N,0
-89.8% CH,
+66% NH;

-32% N,0
-45% CH,

-54% GHG
(composition: little-no N20,
14% CH,)

-30-70% NH3 & N,0

-54% CH,

Guidelines to improve farm practices and reduce greenhouse gas emissions

Static composting of the solid fraction, without turning or cover, increases
its dry matter (DM) content, consequently reducing NH; losses.

Monthly turning of the compost bed increases aeration, influencing the
porosity and the structure of the compost pile. It also helps maintaining a
more homogeneous temperature. Gaseous emissions due to anaerobic
processes are reduced, while nitrate leaching could be significantly
increased.

Mixing solid manure with straw (1 : 1 ratio) can increase the Dry Matter
content of the compost pile, influencing the C : N ratio and therefore
reducing N,O and CH, emissions.

Phosphogypsum is a by-product of the fertiliser industry. It influences the
pH of the compost pile and its sulphur content. The majority of gaseous
losses are as CO, (lower Global Warming potential) and the end product
has potentially higher value as fertiliser, depending on its use (unchanged
N content, higher sulphur content).

The addition of water can reduce the free air space by 20-60%, lowering N
losses.

Airtight covers do not provide favourable conditions for the aerobic
microorganisms responsible for the production of CH,.

When impermeable covers are used, it is necessary to make sure the cover
is airtight to avoid gas leaks. Ideally, pipes or hoses should be used to
redirect emissions to ventilation units.

During storage of liquid manure, peaks of emissions can be registered
when the pit is covered by a thick crust and cracks occur under pressure
from gases underneath the surface.
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Section 3. MANURE STORAGE AND TREATMENT

ST16

Composting dry manure

Addition of straw

Addition of
phosphogypsum

Addition of water

Provide cover:
Use impermeable cover,
i.e. tarpaulin, plastic

Ensure cover is airtight
Use ventilation hoses

Static composting:
-60% NH;

Monthly turning:
-46% N,0
-89.8% CH,
+66% NH;

-32% N,0

-45% CH,4

-54% GHG
(composition: little-no N,0,
14% CH,)

-30-70% NH; & N,0

-60-90% NH;

-54% CH,

Guidelines to improve farm practices and reduce greenhouse gas emissions

Static composting of the solid fraction, without turning or cover, increases
its dry matter (DM) content, consequently reducing NHj; losses.

Monthly turning of the compost bed increases aeration, influencing the
porosity and the structure of the compost pile. It also helps maintaining a
more homogeneous temperature. Gaseous emissions due to anaerobic
processes are reduced, while nitrate leaching could be significantly
increased.

Mixing solid manure with straw (1 : 1 ratio) can increase the Dry Matter
content of the compost pile, influencing the C : N ratio and therefore
reducing N,O and CH, emissions.

Phosphogypsum is a by-product of the fertiliser industry. It influences the
pH of the compost pile and its sulphur content. The majority of gaseous
losses are as CO, (lower Global Warming potential) and the end product
has potentially higher value as fertiliser, depending on its use (unchanged
N content, higher sulphur content).

The addition of water can reduce the free air space by 20-60%, lowering N
losses.

Impermeable covers provide the anaerobic conditions necessary to
prevent NH; losses. They are more expensive than other types of covers,
but they have several advantages: they are durable and can be used to
effectively capture methane produced by the manure storage units (e.g.
heap, lagoons) to take it to combustion plants such as anaerobic digesters.

Airtight covers do not provide favourable conditions for the aerobic
microorganisms responsible for the production of CH,.

When impermeable covers are used, it is necessary to make sure the cover
is airtight to avoid gas leaks. Ideally, pipes or hoses should be used to
redirect emissions to ventilation units. During storage of liquid manure,
peaks of emissions can be registered when the pit is covered by a thick
crust and cracks occur under pressure from gases underneath the surface.
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Section 3. MANURE STORAGE AND TREATMENT

ST16
(cont’d)

ST17

ST18

Use permeable cover,
i.e. straw
Apply directly to land

Compacting

Use impermeable cover,
i.e. tarpaulin, plastic

Ensure cover is airtight
Use ventilation hoses

Compacting

-60-90% NH;
+200% N,O

-90% NH;
-30% N,0
Lower CH, in colder months

-30-70% NH3 & N,O

-60-90% NH;

-54% CH,

-90% NH;
-30% N,0
Lower CH,4 in colder months

-30-70% NH3 & N,0O

Guidelines to improve farm practices and reduce greenhouse gas emissions

The addition of straw effectively reduces NH; losses from FYM heaps;
however, N,O losses more than double. In the case of straw-based storage
systems, it is advised to apply FYM directly to field and reduce the storage
period to minimum, as storage accounts for ca. 85% of N,O emissions.

Gaseous losses from manure can only be effectively by controlling the
temperature of the compost pile and the balance between aerobic and
anaerobic conditions. Compacting can reduce NH; and to a certain extent
N,O as well; CH,emissions are reduced in colder months, but may
significantly increase in warmer months.

Compacting can reduce the free air space by 20—-60%, lowering N losses.

Impermeable covers provide the anaerobic conditions necessary to
prevent NH; losses. They are more expensive than other types of covers,
but they have several advantages: they are durable and can be used to
effectively capture methane produced by the manure storage units (e.g.
heap, lagoons) to take it to combustion plants such as anaerobic digesters.

Airtight covers do not provide favourable conditions for the aerobic
microorganisms responsible for the production of CH,.

When impermeable covers are used, it is necessary to make sure the cover
is airtight to avoid gas leaks. Ideally, pipes or hoses should be used to
redirect emissions to ventilation units. During storage of liquid manure,
peaks of emissions can be registered when the pit is covered by a thick
crust and cracks occur under pressure from gases underneath the surface.

Gaseous losses from manure can only be effectively by controlling the
temperature of the compost pile and the balance between aerobic and
anaerobic conditions. Compacting can reduce NH; and to a certain extent
N,O as well; CH, emissions are reduced in colder months, but may
significantly increase in warmer months.

Compacting can reduce the free air space by 20—-60%, lowering N losses.
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Section 3. MANURE STORAGE AND TREATMENT

ST19 Compacting

Ensure cover is airtight
Use ventilation hoses

ST20 Compacting

Provide cover:
Use impermeable cover,
i.e. tarpaulin, plastic

-90% NH;
-30% N,0
Lower CH,4in colder months

-30-70% NH3 & N,0

-54% CH,

-90% NH;
-30% N,0O
Lower CH, in colder months

-30-70% NH3 & N,0

-60-90% NH;

Guidelines to improve farm practices and reduce greenhouse gas emissions

Gaseous losses from manure can only be effectively by controlling the
temperature of the compost pile and the balance between aerobic and
anaerobic conditions. Compacting can reduce NH; and to a certain extent
N,O as well; CH, emissions are reduced in colder months, but may
significantly increase in warmer months.

Compacting can reduce the free air space by 20-60%, lowering N losses.

Airtight covers do not provide favourable conditions for the aerobic
microorganisms responsible for the production of CH,.

When impermeable covers are used, it is necessary to make sure the cover
is airtight to avoid gas leaks. Ideally, pipes or hoses should be used to
redirect emissions to ventilation units. During storage of liquid manure,
peaks of emissions can be registered when the pit is covered by a thick
crust and cracks occur under pressure from gases underneath the surface.

Gaseous losses from manure can only be effectively by controlling the
temperature of the compost pile and the balance between aerobic and
anaerobic conditions. Compacting can reduce NH; and to a certain extent
N,O as well; CH, emissions are reduced in colder months, but may
significantly increase in warmer months.

Compacting can reduce the free air space by 20—60%, lowering N losses.

Impermeable covers provide the anaerobic conditions necessary to
prevent NH; losses. They are more expensive than other types of covers,
but they have several advantages: they are durable and can be used to
effectively capture methane produced by the manure storage units (e.g.
heap, lagoons) to take it to combustion plants such as anaerobic digesters.
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Section 3. MANURE STORAGE AND TREATMENT

ST21

Ensure cover is airtight
Use ventilation hoses

Use permeable cover,
i.e. straw
Apply directly to land

Monthly turning

Use impermeable cover,
i.e. tarpaulin, plastic

Ensure cover is airtight
Use ventilation hoses

-54% CH,

-60-90% NH;
+200% N,O

-46% N,0
-89.8% CH,
+66% NH;

-60-90% NH;

-54% CH,

Guidelines to improve farm practices and reduce greenhouse gas emissions

Airtight covers do not provide favourable conditions for the aerobic
microorganisms responsible for the production of CH,.

When impermeable covers are used, it is necessary to make sure the cover
is airtight to avoid gas leaks. Ideally, pipes or hoses should be used to
redirect emissions to ventilation units. During storage of liquid manure,
peaks of emissions can be registered when the pit is covered by a thick
crust and cracks occur under pressure from gases underneath the surface.

The addition of straw effectively reduces NH; losses from FYM heaps;
however, N,O losses more than double. In the case of straw-based storage
systemes, it is advised to apply FYM directly to field and reduce the storage
period to minimum, as storage accounts for ca. 85% of N,O emissions.

Monthly turning of the compost bed increases aeration, influencing the
porosity and the structure of the compost pile. It also helps maintaining a
more homogeneous temperature. Gaseous emissions due to anaerobic
processes are reduced, while nitrate leaching could be significantly
increased.

Impermeable covers provide the anaerobic conditions necessary to
prevent NH; losses. They are more expensive than other types of covers,
but they have several advantages: they are durable and can be used to
effectively capture methane produced by the manure storage units (e.g.
heap, lagoons) to take it to combustion plants such as anaerobic digesters.

Airtight covers do not provide favourable conditions for the aerobic
microorganisms responsible for the production of CH,.

When impermeable covers are used, it is necessary to make sure the cover
is airtight to avoid gas leaks. Ideally, pipes or hoses should be used to
redirect emissions to ventilation units. During storage of liquid manure,
peaks of emissions can be registered when the pit is covered by a thick
crust and cracks occur under pressure from gases underneath the surface.
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Section 3. MANURE STORAGE AND TREATMENT

ST22

ST23

ST24

Monthly turning

Monthly turning

Ensure cover is airtight
Use ventilation hoses

Monthly turning

Provide cover:
Use impermeable cover,
i.e. tarpaulin, plastic

-46% N,0
-89.8% CH,
+66% NH;

-46% N,0
-89.8% CH,
+66% NH;

-54% CH,

-46% N,0
-89.8% CH,4
+66% NH;

-60-90% NH;

Guidelines to improve farm practices and reduce greenhouse gas emissions

Monthly turning of the compost bed increases aeration, influencing the
porosity and the structure of the compost pile. It also helps maintaining a
more homogeneous temperature. Gaseous emissions due to anaerobic
processes are reduced, while nitrate leaching could be significantly
increased.

Monthly turning of the compost bed increases aeration, influencing the
porosity and the structure of the compost pile. It also helps maintaining a
more homogeneous temperature. Gaseous emissions due to anaerobic
processes are reduced, while nitrate leaching could be significantly
increased.

Airtight covers do not provide favourable conditions for the aerobic
microorganisms responsible for the production of CH,.

When impermeable covers are used, it is necessary to make sure the cover
is airtight to avoid gas leaks. Ideally, pipes or hoses should be used to
redirect emissions to ventilation units. During storage of liquid manure,
peaks of emissions can be registered when the pit is covered by a thick
crust and cracks occur under pressure from gases underneath the surface.

Monthly turning of the compost bed increases aeration, influencing the
porosity and the structure of the compost pile. It also helps maintaining a
more homogeneous temperature. Gaseous emissions due to anaerobic
processes are reduced, while nitrate leaching could be significantly
increased.

Impermeable covers provide the anaerobic conditions necessary to
prevent NH; losses. They are more expensive than other types of covers,
but they have several advantages: they are durable and can be used to
effectively capture methane produced by the manure storage units (e.g.
heap, lagoons) to take it to combustion plants such as anaerobic digesters.
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Section 3. MANURE STORAGE AND TREATMENT

ST24
(cont’d)

ST25

ST26

ST27

ST28

Ensure cover is airtight
Use ventilation hoses

Use permeable cover,
i.e. straw, clay pebbles
Apply directly to land

OK
Use additives, i.e. lactic

acid, saccharose

Reduce pH

Reduce pH

Use additives, i.e. lactic
acid, saccharose

-54% CH,

-60-90% NH;
+200% N,O

-43% NH;

-40% CH,
N.A. (lower NH3, N,O)

-40% CH,
N.A. (lower NH;, N,0)

-43% NH;

Guidelines to improve farm practices and reduce greenhouse gas emissions

Airtight covers do not provide favourable conditions for the aerobic
microorganisms responsible for the production of CH,.

When impermeable covers are used, it is necessary to make sure the cover
is airtight to avoid gas leaks. Ideally, pipes or hoses should be used to
redirect emissions to ventilation units. During storage of liquid manure,
peaks of emissions can be registered when the pit is covered by a thick
crust and cracks occur under pressure from gases underneath the surface.

The addition of straw effectively reduces NH; losses from FYM heaps;
however, N,O losses more than double. In the case of straw-based storage
systemes, it is advised to apply FYM directly to field and reduce the storage
period to minimum, as storage accounts for ca. 85% of N,O emissions.

Use of additives combined with temperature of 4°C has greater effect on
NH; volatilisation.

CH,4 emissions are significantly reduced when slurry is uncovered and has a
pH below 4.5-5.
The effect of acidification of slurry can vary:

pH < 6.0 reduces CH; and N,O

pH < 5.0 reduces also NH;

CH, emissions are significantly reduced when slurry is uncovered and has a
pH below 4.5-5.
The effect of acidification of slurry can vary:

pH < 6.0 reduces CH, and N,O

pH < 5.0 reduces also NH;

Use of additives combined with temperature of 4°C has greater effect on
NH; volatilisation.
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Section 3. MANURE STORAGE AND TREATMENT

ST29

ST30

ST31

Reduce T (shades, pipes)

Reduce T° (shades, pipes)

Use additives, i.e. lactic
acid, saccharose

Reduce T° (shades, pipes)

Reduce pH

Little to no N,O emissions

N.A. (lower CH,)

Little to no N,O emissions

N.A. (lower CH,)

-43% NH;

Little to no N,O emissions

N.A. (lower CH,)

-40% CH,
N.A. (lower NH3, N,0)

Guidelines to improve farm practices and reduce greenhouse gas emissions

Very little N,O emissions are registered at temperatures were in the range
of 5-25°C, e.g. when a surface crust if formed.
However, higher NH; losses are registered at 25°C.

CH,4 emissions from slurry stored below 15- 20°C are lower than at 24°C.
For instance, CH, emissions during the summer are about 20% higher than
the annual average. This could be explained by the fact that in cold month,
a surface crust can form and prevent the release of CH, and other gases.

Very little N,O emissions are registered at temperatures were in the range
of 5-25°C, e.g. when a surface crust if formed.

However, higher NH; losses are registered at 25°C.

CH,4 emissions from slurry stored below 15- 20°C are lower than at 24°C.
For instance, CH, emissions during the summer are about 20% higher than
the annual average. This could be explained by the fact that in cold month,
a surface crust can form and prevent the release of CH, and other gases.

Use of additives combined with temperature of 4°C has greater effect on
NH; volatilisation.

Very little N,O emissions are registered at temperatures were in the range
of 5-25°C, e.g. when a surface crust if formed.
However, higher NH; losses are registered at 25°C.

CH,4 emissions from slurry stored below 15- 20°C are lower than at 24°C.
For instance, CH, emissions during the summer are about 20% higher than
the annual average. This could be explained by the fact that in cold month,
a surface crust can form and prevent the release of CH, and other gases.

CH, emissions are significantly reduced when slurry is uncovered and has a
pH below 4.5-5.
The effect of acidification of slurry can vary:

pH < 6.0 reduces CH, and N,O

pH < 5.0 reduces also NH;
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ST32 Reduce T (shades, pipes) Little to no N,O emissions

N.A. (lower CH,)

Reduce pH -40% CH,4
N.A. (lower NH3, N,0)

Use additives, i.e. lactic -43% NH;
acid, saccharose

Guidelines to improve farm practices and reduce greenhouse gas emissions

Very little N,O emissions are registered at temperatures were in the range
of 5-25°C, e.g. when a surface crust if formed.
However, higher NH; losses are registered at 25°C.

CH,4 emissions from slurry stored below 15- 20°C are lower than at 24°C.
For instance, CH, emissions during the summer are about 20% higher than
the annual average. This could be explained by the fact that in cold month,
a surface crust can form and prevent the release of CH, and other gases.

CH,4 emissions are significantly reduced when slurry is uncovered and has a
pH below 4.5-5.
The effect of acidification of slurry can vary:

pH < 6.0 reduces CH, and N,O

pH < 5.0 reduces also NH;

Use of additives combined with temperature of 4°C has greater effect on
NH; volatilisation.
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.2  Sample reports
This section includes two samples of the type of report provided to farmers after each farm

assessment i.e. initial report after the first visit and follow-up report after the second visit.
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Executive Summary

Sample Farm follows a number of good agricultural practices, in particular regarding the
dietary management of their dairy herd, housing and grazing and pasture management (Table
1 and Figure 1). We have identified areas of improvement in the manure management,

notably the storage, treatment and subsequent application to field.

Sample Farm committed to regular carbon footprint assessments via the Cotswold
Conservation Board, which ensures the efficacy and long-lasting effects of good agricultural
practices on farm.

Table 1. Summary of farm management evaluation.

Strengths

Limitations

General
considerations

e Recent carbon footprint

assessment done by the
Cotswold Conservation Board
Very good dietary
management

Use of software and nutrition
manual to formulate ration
Regular cleaning of dairy unit

e Winter grazing (heifers)

No overstocking
Drainage system on heavier
soils

Manure Follows guidelines from e Slurry storage surrounded by
management DEFRA Fertiliser Manual (RB straw

209) and Code of Good

Agricultural Practice

Slurry stored in concrete pit
Soil Crops and pasture rotations o Winter grazing (heifers)
management Livestock rotations

Greenhouse gas mitigation

The mitigation scores reported for each section have been obtained during the first visit of
Sample Farm on 15/02/2012. Figure 1 highlights the sections where successful practices are
adopted, as well as key areas for improvement, i.e. manure storage and treatment, and
manure application to field. A second visit is proposed in 6 to 9 months’ time where

modification to greenhouse gas mitigation will be re-evaluated.




Figure 1. Summary of greenhouse gas mitigation results.

ESTIMATED MITIGATION

Dietary management

Livestock housing - Poultry (N/A)
Manure storage and treatment

Grazing and pasture management

]
Livestock housing - Dairy A
]
|
Manure application to field 1

+30%  +20%  +10% O -10%  -20%  -30%
<€ —>

Increased emissions Reduced emissions

W Visit 1

# Visit 2

Summary of recommendations for greenhouse gas mitigation

Sample Farm doesn’t hold organic certification. However, it is effectively run as an organic
farm. Dietary management and grazing and pasture management of the dairy herd are
considered appropriate for the current size of the farm. Their impact on GHG emissions is
positive, applying all mitigations options available at the moment on the farm.

Current management is suggesting that no excess nitrogen is applied to field. We advise
testing slurry used on field as fertiliser, to verify that NVZ restrictions are respected and
ensure an appropriate, long-term management of fertiliser and effluent.

Composting and regularly turning Farm Yard Manure before application to field will reduce
nitrous oxide and methane emissions. Mixing with green waste should also be considered, as
green waste retains more nitrogen in the soil, reducing both nitrates and nitrous oxide losses.
Manure application in autumn should be avoided. Split applications should be considered later
in the season or in spring instead. This will increase the efficiency of nitrogen uptake and
reduce nitrous oxide emissions.

Slurry stored outside in open air for up to 6 months before being applied to fields in autumn.
The slurry is not covered, leaving a natural crust with variable thickness forming during the
storage time. This situation usually reduces methane and ammonia emissions, whilst nitrous
oxide emissions can be increased. The breaking of the crust would result in the opposite
situation. We recommend monitoring the temperature of storage to ensure that nitrous oxide
emissions are kept to their minimum level.
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BCS

C

CH,
CFF
CLA CALM
CO;

cP
DEFRA
DM / DMI
FYM
GE
GHG
LU
MAFF
N

N,O
NH;
NO,
NVZ
RPA
tCO,eq
WEFPS

Body Condition Score

Carbon

Methane

Climate Friendly Food carbon calculator
Country Land & Business Association Carbon Accounting for Land Managers
Carbon dioxide

Crude Protein

Department for Environment, Food and Rural Affairs
Dry Matter / Dry Matter Intake

Farm Yard Manure

Gross Energy

Greenhouse gases

Live Unit

Ministry of Agriculture, Fisheries and Food
Nitrogen

Nitrous oxide

Ammonia

Nitrogen oxides

Nitrate Vulnerable Zone

Rural Payments Agency

Tonnes of carbon dioxide equivalents
Water Filled Pore Space
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Introduction

1.1 Terms of reference

1.2

This report is the result of an initial farm assessment carried out at Sample Farm on

15/02/2012 with the aim to identify the potential for improvement in order to reduce

greenhouse gas

emissions from livestock management practices. Recommendations are

selected based on the interview carried out during the farm visit, using decision trees to

identify the most appropriate solutions for Sample Farm.

Report layout

This report is structured as follow:-

Section 1

Section 2

Appendix |

Appendix Il

The introduction provides a brief explanation of the purpose of this
document and of its layout.

Farm assessment and recommendations are listed for every aspect of farm
management analysed during the farm assessment. Advice is given
regarding which recommendation best suits the farm, in order to provide a
personalised report based on the most recent scientific knowledge and
information provided by DEFRA or other official sources.

This section reports the farm assessment methodology used and the detail
of each farm practice evaluation. Appendix | is the result of the
combination of an interview with the farm owner or manager, the use of a
decision tree tool and that of a scoring system to identify potential for
improvement in greenhouse gases mitigation.

This sections reports information regarding the carbon footprint
assessment of the farm.



2 Farm assessment and recommendations

2.1

2.2

Introduction

Sample Farm is a dairy and beef conventional farm, although many of the farm activities
reflect organic farm management practices. The farm is situated within a Nitrate Vulnerable
Zone (NVZ) and it has taken part in the Higher Level Stewardship scheme.

The size of the farm is 360 ha., of which 180 ha. are used as pasture, with long term ley and
permanent grass, while the remaining 180 ha. is arable land, with barley, wheat and oilseed
rape.

Size of herd: around 350 animals; young stocks on pasture are 20 during the winter and 40-
60 during the summer; male calves reared for beef.

Current farm practices were taken into consideration and were then divided in 5 categories,
as follows:-

- Dietary management;

- Livestock housing;

- Manure storage and treatment;

- Grazing and pasture management;
- Manure application to field.

Dietary management

Current dietary management of dairy cattle at Sample Farm is appropriate for the size and
type of farm. Rations are formulated following nutritional guidelines' and dedicated software
is used. The impact of dietary management on GHG emissions is positive, applying all
mitigations options available at the moment on the farm.

The recommendations listed in Table 2.1 aim at reducing greenhouse gas emissions from
practices related with dietary management. They can be considered to further improve the
current practices.

! National Research Council. "Front Matter." Nutrient Requirements of Dairy Cattle: Seventh Revised Edition,
2001. Washington, DC: The National Academies Press, 2001. 1. Print



Table 2.1. Guidelines to improve dietary management.

Current management

Guidelines

Expected outcomes

Scientific or other evidence

The ration consists of grass silage to
appetite and animals fed according to
yield. The mixture is 1 part standard
ley and 2 parts clover.

The ration is topped up with wheat
and barley concentrate and rapeseed
meal.

No supplementation is given.

The diet is formulated following the
guidelines “Nutrient requirements for
Dairy Cattle”, using the software
provided.

High fibre dried grains, i.e. beans, brewers’
spent grain, are useful for animals with low
energy requirements (e.g. dry cows, over-
wintering beef)

-12% CH,

Generally speaking, concentrates provide low fibre and
high energy compared to forage. They lower ruminal
pH, reducing CH, emissions.

Note: Barley has more fibre compared to maize and
wheat, hence its potential to reduce ruminal pH and CH,
emissions is lower. It is better used in animals with low
energy requirements.

(see above)

Grinding and pelleting forage and/or
concentrate

-22-30% manure N

Grinding and pelleting feed, especially in pigs and
poultry, increases feed digestibility, maximizing feed
efficiency.




2.3 Livestock housing

We observed good practices related to the cleaning and management of the farm housing

units.

Housing at Sample Farm consists of a dairy unit with cubicles, a barn and a straw yard.
Bedding in cubicles is sand over concrete floors and the area where slurry is collected is
scraped 3 times a day.

The dairy unit is cleaned with high pressure water. The barn is cleaned daily and the straw
yard is cleaned every two months. We estimate higher emissions originating from the straw
yard, but given that the majority of animals are either on pasture or in the dairy unit, we
estimate the overall impact of housing management is positive.

Table 2.2 lists recommendations to further improve current housing management practices.



Table 2.2. Guidelines to improve livestock housing management.

Current management

Guidelines

Expected outcomes

Scientific or other evidence

Dairy unit with cubicles (sand) and
slurry collection area (scraped 3 times
a day). The barn cleaned daily.

Cleaning with high pressure water.

Flush with water and formalin

-50% NH;

Hard standing areas such as collection yards register
very low to no N,O emissions, because the conditions
are less favorable to the processes transforming
ammonia and nitrates in nitrous oxide.

Washing regularly decreases NH; emissions rates,
indirectly decreasing N,O emissions as well.

Straw yard cleaned every two months.

(refer to table 2.3 for management of manure
from straw yard)




2.4 Manure storage and treatment

Manure is stored on farm as slurry and as Farm Yard Manure (FYM).

FYM is collected from the straw yard, which is cleaned every 2 months. Table 2.3a and Table
2.3b list recommendations in order to reduce emissions from FYM storage.

Table 2.3c and Table 2.3d highlight recommendations related to slurry storage.

The slurry collected from the dairy unit is stored for about 6 months in a sloped pit with
concrete floors. Concrete floors have a positive influence on GHG emissions, registering little
to no N,0 emissions. However, the pit is surrounded by straw. Even though a straw cover is
not present, straw as a containment materiel can be inconsistent and varying in thickness.
We cannot accurately estimate its impact in this particular case. Therefore, we report two
situations that are expected to occur in similar slurry storage conditions. These are explained
below:-

a. Encrustation is prevented. When the crust formation is prevented very little to
no N,O emissions are registered. This is due to the aerobic conditions and lower
temperature ensured by the mixing and breaking of the natural crust.

The effect of encrustation of the surface of slurry or its cover is twofold: it
increases N,O emissions but lowers ammonia NH3; emissions.

b. Natural crust. When the natural crust is left intact, the proliferation of aerobic
microorganisms that produce methane is reduced. A decrease in methane
emissions is then registered. However, this same conditions influence the
nitrogen losses, with a reduction of ammonia (NHs) losses, but an increase in
N,O emissions. An important factor is the temperature of the storage. In fact, In
the case of a natural crust on slurry storage, very little N,O emissions are
registered at temperatures in the range of 5-25°C.

Moreover, the effectiveness of a natural crust can vary greatly depending on its
thickness (i.e. influence of nitrogen losses) and durability. Therefore, nitrous
oxide having a greater impact in terms of global warming potential, compared
to methane, it is generally not advised to leave a natural crust form.

At Sample Farm, FYM from the straw yard is spread on arable fields in the autumn and
ploughed in. Slurry is applied in spring on the rest of the land. Plans are underway to applied
both FYM and slurry in the spring, which will possibly influence the length of storage, in
particular during the warmer months. We advise monitoring the storage temperature when
storage occurs, as well as preventing slurry encrustation during storage.



Table 2.3a. Guidelines to improve the management of manure storage and treatment.

Current management

Guidelines

Expected outcomes

Scientific or other evidence

Manure from the straw yards is stored
is an open air heap (Farm Yard
Manure, FYM) outside of the livestock
housing facilities.

Composting dry manure

Static composting:
-60% NH3

Static composting of the solid fraction, without turning
or a cover, increases its dry matter (DM) content,
consequently reducing NH; losses.

Little to no N,O
and 14% CH,.

Monthly turning of compost pile -46% N,O Monthly turning of the compost bed increases aeration,
-89.8% CH, influencing the porosity and the structure of the
+66% NH3 compost pile. It also helps maintaining a more
homogeneous temperature. Gaseous emissions due to
anaerobic processes are reduced, while nitrate leaching
could be increased.
(see above) Addition of straw to compost pile -32% N,0 Mixing solid manure with straw (1 : 1 ratio) can increase
-45% CH, the Dry Matter content of the compost pile, influencing
the C: N ratio, reducing N,0 and CH, emissions.
(see above) Addition of phosphogypsum to compost pile -54% GHG Phosphogypsum is a by-product of the fertiliser
Composition: industry. It influences the pH of the compost pile and its

sulphur content. The majority of gaseous losses are as
CO, (lower Global Warming potential) and the end
product has higher value as fertiliser depending on its
use (unchanged N content, higher sulphur content).

(see above)

Addition of water to compost pile

-30-70% NH; & N,0

The addition of water can reduce the free air space by
20-60%, lowering N losses.

(see above)

Compacting

-90% NH;

-30% N,0

Lower CH, in colder
months

Gaseous losses from manure can only be effectively
reduced by controlling the temperature of the compost
pile and the balance between aerobic and anaerobic
conditions. Compacting reduces the free air space by
20-60%, thus reducing NH; losses and to a certain
extent N,O emissions as well; CH, emissions are lower in
colder months, but may increase in warmer months.




Table 2.3b. Guidelines to improve the management of manure storage and treatment.

Current management

Guidelines

Expected outcomes

Scientific or other evidence

The manure is left uncovered and
unturned from collection till autumn,
when it is applied to field.

Use impermeable cover,
i.e. tarpaulin, plastic

-60-90% NH;

Impermeable covers provide the anaerobic conditions
necessary to prevent NH; losses. They are more
expensive than other types of covers, but they have
several advantages: they are durable and can be used to
effectively capture methane produced by the manure
storage units (e.g. heap, lagoons) to take it to
combustion plants such as anaerobic digesters.

(see above)

Ensure cover is airtight; use ventilation hoses

-54% CH,

Airtight covers do not provide favourable conditions for
the aerobic microorganisms responsible for the
production of CH,.

When impermeable covers are used, it is necessary to
make sure the cover is airtight to avoid gas leaks.
Ideally, pipes or hoses should be used to redirect
emissions to ventilation units.

(see above)

Apply directly to land

Use permeable cover
i.e. straw, clay pebbles

Lower N,O

-60-90% NH;
+200% N,O

In the case of straw-based storage systemes, it is advised
to apply FYM directly to field and reduce the storage
period to minimum, as storage accounts for ca. 85% of
N,O emissions.

The addition of straw effectively reduces NH; losses
from FYM heaps; however, N,O losses more than
double.




Table 2.3c. Guidelines to improve the management of manure storage and treatment.

Current management

Guidelines

Expected outcomes

Scientific or other evidence

Slurry is stored in a concrete pit,
surrounded by straw.

Slurry separation, i.e. screw-press

Cattle slurry

(liquid / solid)

2% /-72%  NH;
-22% [ +4% CO,
-22% [ -80.5% CH,

Little to no N,O
emissions

Slurry separation, especially when combined with lower
temperatures and uncovered conditions, can effectively
reduce ammonia and methane emissions, in particular
from the solid fraction. Storing fractions separately
allows a better control over factors influencing
emissions: temperature, water content, aeration, cover.
In addition, separation can increase slurry storage
capacity and both fractions will have a higher nutrient
content. This is an advantage if slurry is used as
fertiliser.

Storage of liquid fraction in anaerobic conditions
doesn’t promote nitrification (NH; to NOs-) and
therefore, denitrification rates are also reduced to a
minimum.




Table 2.3d. Guidelines to improve the management of manure storage and treatment.

Current management

Guidelines

Expected outcomes

Scientific or other evidence

Length of storage: about 6 months,
before being spread in autumn.

Prevent encrustation

Little to no N,O
emissions

The effect of encrustation of the surface of slurry or its
cover is twofold: it increases N,O emissions but lowers
NH; emissions. To effectively reduce N,O emissions, a
cover and additives can be used.

When the crust formation is prevented very little to no
N,O emissions are registered. This is due to the aerobic
conditions and lower temperature ensured by the
mixing and breaking of the natural crust.

(see above)

Leave natural crust

-38% CH,
-50% NH;

When the natural crust is left intact, the proliferation of
aerobic microorganisms that produce methane is
reduced. A decrease in methane emissions is then
registered. However, this same conditions influence the
nitrogen losses, with a reduction of ammonia (NH,)
losses, but an increase in N,O emissions.

Moreover, the effectiveness of a natural crust can vary
greatly depending on its thickness (i.e. influence of
nitrogen losses) and durability.

Therefore, nitrous oxide having a greater impact in
terms of global warming potential, compared to
methane, it is generally not advised to leave a natural
crust form.

10




2.5 Grazing and pasture management

The land available for pasture is 180 ha. of long-term ley with a clover mix and permanent
grass. The farm adopts a rotational system between arable land and pasture.

Young stocks graze permanent grass, around 20 animals in the winter and up to 40-60
animals in the summer. Concrete pads are used in the feeding areas. Heifers are left on
pasture during the winter months. However, there are plans to overwinter them from the
end of November till mid-April. Therefore, only a small part of the 350 total animals on farm
follow rotations on pasture.

The soil at Sample Farm can be classified as heavy (Cotswolds limestone, Fuller’s earth). The
current management of pasture is considered acceptable, but some improvements in grazing
times could have a positive impact by reducing emissions in the colder and wetter months.
Table 2.4 lists the recommendations for heavy soil management, in relation to current
grazing and pasture management practices.

11



Table 2.4. Guidelines to improve soil management.

Current management

Guidelines

Expected outcomes

Scientific or other evidence

About 20 young stocks graze
permanent grass in the Summer.
Heifers are left on pasture during the
winter. Plans are underway to
overwinter them from late November
till mid-April.

Avoid grazing in colder, wetter months
(Autumn, Winter)

-7-11% N,0 (IPCC)
-40% Nzo and NO3

N,O emissions are higher in wet conditions and from
soils with higher moisture content.

Also, September has the most available grass cover
(kg/DM) and intensive grazing during this period of time
maximizes pasture performance.

A drainage system is in place in the
fields with the heavier soil.

Use strip grazing system
(minimise poaching)

Avoid grazing on slopes
(minimise runoff and animal treading)

-27% N,0

Waterlogged soils have lower soil aeration, which
promotes denitrification of nitrates, increasing N,O
emissions.

Animal treading causes a temporary reduction in soil
aeration and, secondly, reduced soil N utilisation
prompted by reduced plant growth increases soil
NH4+-N and NO;—-N availability.

Apply nitrification inhibitors
(experimental strategy)

-70-80% N,O

Even whit different soil types and management, the use
of a fine-particle suspension nitrification inhibitor (e.g.
dicyandiamide, DCD) reduces the rate of ammonium
(NH,+) converted into nitrate (NOs-), which then is
converted into nitrous oxide (N,O) by denitrification.
The use of DCD then reduces nitrate leaching and
gaseous losses as N,0.

12




2.6 Manure application to field

Slurry, FYM and fertiliser are applied to fields, following crops rotations. Considering the
combination of fertiliser and organic manures, we recommend testing slurry for composition.
This is to ensure compliance with NVZ regulations and to ensure that no excess nitrogen is
applied to soils. We also recommend splitting applications on each field whenever possible,
and avoiding application in autumn. Further details on recommendations are listed in Table
2.5 and aim at reducing greenhouse gas emissions from practices related with the
application of manure to field, in particular emissions of nitrous oxide.

Further information on manure application techniques:

Nitrogen losses consist mostly of ammonia (NH;) and nitrous oxide (N,0). N,O emissions are
higher when conditions promoting denitrification are present, i.e. heavy soil texture, high soil
moisture content. Whilst NH; emissions, are usually reduced when the manure is not in
contact with atmospheric oxygen for a prolonged time. However, emissions factors and
reduction rates can vary greatly based on weather, soil type and manure treatment prior to
application to soil. Indicatively, the deeper the slurry or manure is injected, the greater the
reduction of N,0 emissions. Surface deposition usually leads higher NH; emissions.

13



Table 2.5. Guidelines to improve the management of manure application to field.

Current management Guidelines Expected outcomes Scientific or other evidence
Manure is not tested for composition. | Manure analysis (yearly) -18% N,0O Ensure optimum fertiliser and effluent management to
Fertiliser is also used on farm. avoid application of excess nitrogen and review

compliance with NVZ regulations.

Manure is applied untreated after 6 Application mixed with green waste -64% N,O Green waste reduces N,0 emissions by retaining N in
months storage on average. the soil, consequently reducing both nitrates and
mineral N content in the soil. A decrease in nitrates
availability leads to lower denitrification and nitrification
rates, reducing N losses.

Manure is applied in autumn, Avoid autumn applications N/A They should be avoided to prevent N overload,
following crops rotations. especially on pasture/fields with fertility building crops
(e.g. legumes) and when the crop growth has slowed
down from the winter.

Manure is applied in a single Split applications -30% N,0 Split applications increase the efficiency of the N
application. uptake, considering a yearly fertiliser application rate.
Spreading of fertiliser and organic Ensure regular maintenance and calibration of | N/A Machinery kept in good condition and regularly
manure. machinery calibrated allows to easily knowing the actual

application rate of a given fertiliser. This ensures a more
uniform application as well.

14



1.1

1.2

1.2.1

Appendix I - Farm assessment methodology

Methodology

The visit touched 3 essential points:
(i) Farm visit to assess condition of housing, pasture and manure management.

(i) Interview with the farm owner, Mr Sam Farmer. During the interview, a
guestionnaire has been used to record greenhouse gas mitigation strategies applied
on farm. Practices are divided in categories to cover dietary management, livestock
housing, manure storage and treatment, grazing and pasture management, and
manure application to field.

(iii) In depth discussion over carbon accounting, farm management and changes in
practices that could reduce the farm carbon footprint, while maintaining the

business productivity.

The following reports have been used to assign a score to each farm practice and identify key
areas for improvement.

Results

Keys

Mitigation potential score:

1 <10%
2 10-30%
3 >30%

Farm management score:

+ practice is adopted

- practice is not adopted

0 N/A, Not Applicable. Two possible situations:
- The practice doesn’t fit within the farm profile;
- No official mitigation potential is available.

15



1.2.2 Farm practices evaluation

Table I.1. Dietary management evaluation.

Current practice Score

=
o

1. Improve feed conversion efficiency

Use legumes in the ration

Use of maize-based concentrate

Use of wheat-based concentrate

Use of barley-based concentrate

Use of high fibre dried grains (e.g. beans)

Grinded / pelletized feedstuff (concentrate and/or forage)

S0 oo oW

2. Reduced Crude Protein intake

a. Use of legumes combined with cereal grains
b. Use of oilseed meals

3. Supplementation

Tannins (e.g. condensed tannins in plant extracts)

Saponins (e.g. corn, potato starch, wild rye concentrate, hay concentrate)
Fatty acids (e.g. whole cottonseed, sunflower, rapeseeds)

Qils (e.g. sunflower, canola, flaxseed, coconut)

o0 oo

4. Accuracy of diet formulation (relative to different production stages)

a. Use of Total Mixed Ratio system
b. Other

BALANCED SCORE

Total score
Number of sections

vl Bloo|~Nococoo|NMNv|NLLWwwoO N

ESTIMATED IMPACT
Emissions mitigation | 10-30%

Figure I.1. Estimated mitigation from dietary management.

DIETARY MANAGEMENT H

Improved feed conversion efficiency .

Reduced CP intake _

Supplementation (N/A)

m Visit 1 +30%  +20%  +10% O -10%  -20%  -30%
<€ >

Increased emissions Reduced emissions

# Visit 2
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Table I.2a. Livestock housing evaluation — Dairy

Current practice Score

1. Use of bedding 1.67

N

Straw (ruminants) / straw flow system (pigs)
Deep Litter

Slurry based

Fully slatted floor

Partially slatted floors, grid floors

Concrete floor

Rubber mats

2. Housing management 0

1
[y

M o oo0 T o

Floor washed with water

Floor washed with water and formalin

Floor washed with water and other

Manure removed daily

Manure removed twice/day or more often

Manure removed at end of cycle (eg. 2-6 months beef/dairy, 12 weeks pigs)

BALANCED SCORE 1.17

WO OON ;a|lOoOwoowo

S0 oo T

1
w

Total score 2.34

Number of sections 2
ESTIMATED IMPACT
Emissions mitigation | 10-30%

Figure 1.2. Estimated mitigation from dairy housing.

LIVESTOCK HOUSING - Dairy H

Use of bedding _

Housing management

m Visit 1 +30%  +20%  +10% O -10%  -20%  -30%
<€ >

Increased emissions Reduced emissions

# Visit 2

’The use of bedding increases emissions, as opposed to bare concrete floors. For obvious reasons related
also to animal welfare, bedding is used. The use of straw is estimated to lead to an increase of emissions by
more than 30% (score -3). No official figure is available for sand bedding. We assign the score -1 following the
precautionary principle.
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Table 1.2b. Livestock housing evaluation — Poultry (N/A)

Current practice Score
1. Use of bedding /
a. Straw 0
b. Woodchips, wood shavings 0
c. Concrete floor 0
d. Grid floor 0
2. Free range management /
a. Chicken coop with outdoor run 0
b. Rotations system 0
c. Yarding with other animals (* considered as mixed housing) 0
3. Intensive units /
a. Outdoor run 0
b. Bedding: straw, woodchips, wood shavings 0
c. Bedding: straw or other, with zeolite 0
d. No bedding: grid floor 0
e. No bedding: concrete floor 0
f. Ventilation units 0
g. Trees or woodland nearby 0
BALANCED SCORE /
Total score
Number of sections
ESTIMATED IMPACT
Emissions increase or mitigation /
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Table I.3. Manure storage and treatment evaluation.

Current practice Score
1. Slurry storage 0
a. Slurry separation 0
i. Use of liquid fraction in anaerobic digestion 0
1. Aeration 0
2. Addition of glycerol 0
ii. Solid fraction composted 0
b. Surface cover
i. No cover, crust -3
ii. Surface layer of straw 0
iii. Fixed cover (e.g. wood, plastic, rubber) 0
c. Sloped or slatted floors 3
2. Farm Yard Manure (FYM) heaps -2
a. Turned -3
b. Compacted -3
c. Composted -3
d. Addition of straw -3
e. Addition of water 3
f. Covered
i. Inlivestock pens (e.g. straw over manure) -3
ii. Impermeable cover 0
iii. Airtight cover 0
iv. Straw cover or other permeable cover 0
g. Piping system or shades to reduce temperature 0
h. Use of additives to reduce pH 0
i. Use of other additives (e.g. saccharose) 0
BALANCED SCORE -1
Total score -2
Number of sections 2
ESTIMATED IMPACT
Emissions increase | <10%
Figure 1.3. Estimated mitigation from manure storage and treatment.
MANURE STORAGE AND TREATMENT i
Slurry storage
Farm Yard Manure _
W Visit 1 +30% +20% +10% 0 -10% -20% -30%
i <€ >
# Visit 2

Increased emissions

Reduced emissions
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Table 1.4. Grazing and pasture management evaluation.

Current practice Score
1. Livestock management 1.2
a. Avoid grazing on colder and wetter months -3
b. Use of stand-off / feed pads in colder and wetter months 3
c. Adopt Whole Farm Management approach 1
d. Adopt rotational grazing 2
e. Reduce grazing density / stocking rate 3
2. Pasture management 2
a. Legumes in pasture 2
b. Graze on younger pasture (more frequent grazing cycles) 2
3. Soil management 1.33
a. Drainage system 3
b. Strip grazing system, minimize poaching -2
c. Avoid grazing on slopes, minimize run off 0
d. Avoid compaction 3
e. Apply nitrification inhibitors 0
BALANCED SCORE 1.51
Total score 4.53
Number of sections 3
ESTIMATED IMPACT
Emissions mitigation | 10-30%

Figure 1.4. Estimated mitigation from grazing and pasture management.

GRAZING, PASTURE MANAGEMENT

Livestock management

Pasture managemernt

] 1]

Soil management

W Visit 1 +30%  +20%  +10% O -10%  -20%  -30%
<€ >

Increased emissions Reduced emissions

# Visit 2
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Table I.5. Manure application to field evaluation.

Manure Application to Field Score
1. Timing of application -1.25
a. Application mixed with green waste -3
b. Split applications -2
c. Avoiding autumn applications -3
d. Avoiding application to soil with high moisture content 3
2. Precision of application 0.5
a. Manure analysis (e.g. yearly tests or more frequently) -2
b. Type of application
i. Injection 0
ii. Shallow injection 0
iii. Surface application 0
iv. Incorporation 0
v. Spreading 3
c. Ensuring regular maintenance and calibration of machinery used for application 0
BALANCED SCORE | -0.38
Total score | -0.75
Number of sections 2
ESTIMATED IMPACT
Emissions increase | <10%

Figure I.5. Estimated mitigation from manure application to field.

MANURE APPLICATION TO FIELD i

Timing of application _

Precision of application

W Visit 1 +30% +20% +10%
<€

0 -10% -20% -30%

# Visit 2 ..
Increased emissions

>
Reduced emissions
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Summary of findings

The scores reported for each section were obtained during the first visit of Sample Farm on
15/02/2012.They are summarised in Table 1.6. Figure 1.6 highlights the sections where
successful practices are adopted, as well as key areas for improvement, i.e. manure storage
and treatment, and manure application to field. A second visit is proposed in 6 to 9 months’
time where modification to greenhouse gas mitigation will be re-evaluated.

Table 1.6. Farm practices assessment summary table.

Farm practices assessment Visit 1 Visit 2
15/02/2012 To be scheduled

Dietary management 1.4

Livestock housing — Dairy 1.17

Livestock housing — Poultry N/A

Manure storage and treatment -1

Grazing and pasture management 1.51

Manure application to field -0.38

Figure 1.6. Summary of mitigation results.

ESTIMATED MITIGATION

Dietary management

Livestock housing - Poultry (N/A)
Manure storage and treatment

Grazing and pasture management

Manure application to field

|
Livestock housing - Dairy A
|
|

+30%  +20%  +10% O -10%  -20%  -30%
<€ >

Increased emissions Reduced emissions

W Visit 1

# Visit 2
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Figure 1.7. Detail of mitigation results.

ESTIMATED MITIGATION
DIETARY MANAGEMENT
Improved feed conversion efficiency
Reduced CP intake
Supplementation (N/A)
LIVESTOCK HOUSING - Dairy
Use of bedding
Housing management
LIVESTOCK HOUSING - Poultry (N/A)
Use of bedding (N/A)
Free range management (N/A)
Intensive units (N/A)
MANURE STORAGE AND TREATMENT
Slurry storage
Farm Yard Manure
GRAZING, PASTURE MANAGEMENT
Livestock management
Pasture managemernt
Soil management
MANURE APPLICATION TO FIELD
Timing of application
Precision of application

| Visit 1

# Visit 2

+30%  +20%  +10%
<€

-10% -20%  -30%

Increased emissions

>

Reduced emissions
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Farm management evaluation

An evaluation of the current management has been completed, based on the farm visit and
the interview of the farm owner. Three core sections have been taken into consideration:
overall farm management, manure management and soil management. Strengths and
limitations are summarised in Table I.7.

Table I.7. Summary of farm management evaluation.

Strengths Limitations
General e Recent carbon footprint o Winter grazing (heifers)
considerations assessment done by the

Cotswold Conservation Board

e Very good dietary
management

e Use of software and nutrition
manual to formulate ration

e Regular cleaning of dairy unit

Manure e Follows guidelines from e Slurry storage surrounded by
management DEFRA Fertiliser Manual (RB straw
209) and Code of Good
Agricultural Practice
e Slurry stored in concrete pit

Soil e Crops and pasture rotations e Winter grazing (heifers)

management e Livestock rotations

e No overstocking

e Drainage system on heavier
soils
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Appendix II - Carbon footprint assessment

The carbon footprint of Sample Farm was recently assessed by the Cotswold Conservation
Board and the report issued is enclosed at the end of this document. (omitted)

Below we report general information regarding greenhouse gas emissions and carbon
calculators available for farmers.

II.1 Types of emissions

The Greenhouse Gas Protocol® standard is commonly used to categorise an organisation’s
emissions into 3 groups or scopes, described as follows:-

- Scope 1 - Direct emissions: Direct emissions resulting from activities within the
organisation’s control. Includes on-site fuel combustion, manufacturing and process
emissions, refrigerant losses and company vehicles.

- Scope 2 - Indirect emissions: electricity, heat or steam purchased and used by the
organisation.

- Scope 3 - Indirect emissions: any other indirect emissions from sources not directly
controlled by the organisation. Examples include: employee business travel,
outsourced transportation, waste disposal, water usage and employee commuting.

Under the Greenhouse Gas Protocol, an organisation must include scope 1 and 2 emissions
within its carbon footprint. There is broad discretion about which scope 3 emissions should
be included in a business carbon footprint - for example; organisations often include waste
disposed to landfill and employee business travel from scope 3.

We offer assistance in using the calculators and we recommend the usage of CLA CALM, but
we also briefly report on a calculator available for organic farmers, should Sample Farm
obtain organic certification in the future. The following paragraphs report links where to find
further information and guidelines on how to use the calculators.

*>The Greenhouse Gas Protocol: A Corporate Accounting and Reporting Standard, revised edition. World
Business Council for Sustainable Development and World Resources Institute.
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II.2 Country Land & Business Association Carbon Accounting for Land
Managers (CALM)

CALM, Carbon Accounting for Land Managers, is the first, fully-free, business activity-based
calculator showing the balance between annual emissions of the key Greenhouse Gases and
carbon sequestration associated with the activities of land-based businesses.

The calculator measures emissions of carbon dioxide, methane and nitrous oxide from a
land-management business and any carbon which is stored in soil and trees.

The emissions come from:-

- Energy and fuel use,

- Livestock,

- Cultivation and land-use change,

- The application of nitrogen fertilisers and lime.

These are balanced against carbon sequestration in soil and trees.

The calculator also assesses the impact of Environmental Stewardship options. This is
calculated as a partial budget to estimate what would be saved following entry into
Stewardship or what has been saved where the business is already in the scheme. It is not a
measure of carbon capture (sequestration) but the annual change in emission pre and post
entry, although some of the changes, such as new grass margins on arable land do sequester
carbon (where they remain in place).

Further information and guidelines on how to use CLA CALM can be found here:
http://www.calm.cla.org.uk/index.php?section=help

II.3 Climate Friendly Food Calculator (CFF)

The Climate Friendly Food calculator was developed to assist organic farmers in assessing
their carbon footprint and improving farm efficiency, both from a financial and
environmental point of view.

More information can be found here:
http://www.cffcarboncalculator.org.uk/calc_download
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Executive Summary

An evaluation of the current management has been completed, based on two farm visits and
interviews of the farm owner. Three core sections have been taken into consideration: overall
farm management, manure management and soil management. Strengths and limitations are
summarised in Table 1.

Table 1. Summary of farm management evaluation.

Strengths Limitations
General e Recent carbon footprint o Winter grazing (heifers)
considerations assessment done by the

Cotswold Conservation Board

e Very good dietary
management

e Use of software and nutrition
manual to formulate ration

e Regular cleaning of dairy unit

Manure e Follows guidelines from e Slurry storage surrounded by
management DEFRA Fertiliser Manual (RB straw
209) and Code of Good
Agricultural Practice
e Monthly turning of compost

pile
Soil e Crops and pasture rotations e Winter grazing (heifers)
management e Livestock rotations

e No overstocking

e Drainage system on heavier
sails

e Manure applications in spring
instead of autumn

Greenhouse gas mitigation

The mitigation scores reported for each section have been obtained during the visits of
Sample Farm on 15/02/2012 and on 22/10/2012. Figure 1 highlights the sections where
successful practices are adopted, as well as key areas for improvement.



Figure 1. Summary of greenhouse gas mitigation results.

ESTIMATED MITIGATION

Dietary management

Livestock housing - Dairy i

Livestock housing - Poultry (N/A)

Manure storage and treatment
Grazing and pasture management

Manure application to field

+30%  +20%  +10% O -10%  -20%  -30%
<€ >

Increased emissions Reduced emissions

W Visit 1

Visit 2

Summary of greenhouse gas mitigation

Following up on the initial farm assessment, dietary management and grazing and pasture
management of the dairy herd are considered appropriate for the current size of the farm.
Their impact on GHG emissions is positive, applying all mitigations options available at the
moment on the farm. Improved ryegrass silage utilisation is being considered at the moment,
depending on the results from silage quality analysis.

Current management is suggesting that no excess nitrogen is applied to field. We advise
testing slurry used on field as fertiliser, to verify that NVZ restrictions are respected and
ensure an appropriate, long-term management of fertiliser and effluent.

Improvements in the manure management have been observed. Farm Yard Manure is now
regularly turned before application to field. Manure application in autumn is now avoided.
Split applications are not considered at the moment due to the land area to cover and the
relatively small amount of manure to apply.

We consider the recent changes in manure management to have a positive effect on the
overall impact of the farm in terms of GHG emissions.
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1 Introduction

1.1 Terms of reference

This report features the follow up on the results obtained from a farm assessment carried
out at Sample Farm on 15/02/2012 with the aim to identify the potential for improvement in
order to reduce greenhouse gas emissions from livestock management practices. A second
visit was carried out on 22/10/2012 to evaluate any changes in the farm management.

1.2 Reportlayout

This report is structured as follow:-

Section 1 The introduction provides a brief explanation of the purpose of this
document and of its layout.

Section 2 In this section, the implementation of the recommendations provided 6-9
months prior the visit is analysed to obtain a detailed farm management
evaluation to assess the progress towards the targets chosen by the farm
manager or owner.

Appendix | This section reports the farm assessment methodology used and the detail
of each farm practice evaluation. Appendix | is the result of the
combination of an interview with the farm owner or manager, the use of a
decision tree tool and that of a scoring system to identify potential for
improvement in greenhouse gases mitigation.



2 Farm management evaluation

2.1 Introduction

Sample Farm is a dairy and beef conventional farm, although many of the farm activities
reflect organic farm management practices. The farm is situated within a Nitrate Vulnerable
Zone (NVZ) and it has taken part in the Higher Level Stewardship scheme.

The size of the farm is 360 ha., of which 180 ha. are used as pasture, with long term ley and
permanent grass, while the remaining 180 ha. is arable land, with barley, wheat and oilseed
rape.

Size of herd: around 350 animals; young stocks on pasture are 20 during the winter and 40-
60 during the summer; male calves reared for beef.

The report issued on 12/04/2012 identified a series of recommendations in the following
categories of farm practices:-

- Dietary management;

- Livestock housing;

- Manure storage and treatment;

- Grazing and pasture management;
- Manure application to field.

This report is a follow up that summarizes changes and recommendations for future
consideration.

2.2 Follow up results



Table 2.1. Follow up on dietary management.

Previous management Report 1 Expected Changes in management New management options
Recommendations outcomes

The ration consists of grass High fibre dried grains, i.e. | -12% CH, At the moment of the visit, samples of -

silage to appetite and beans, brewers’ spent ryegrass silage were being taken to analyse

animals fed according to grain, are useful for their composition. Ryegrass allowing 3-4

yield. The mixture is 1 part animals with low energy cuts a year, as opposed to the 2-3 cuts of

standard ley and 2 parts requirements (e.g. dry clover, ryegrass silage quality has to be

clover. cows, over-wintering beef) tested before introducing it in the ration.

The ration is topped up with

wheat and barley

concentrate and rapeseed

meal.

No supplementation is

given.

The diet is formulated

following the guidelines

“Nutrient requirements for

Dairy Cattle”, using the

software provided.

(see above) Grinding and pelleting -22-30% None. As the farm is currently focusing on improving
forage and/or concentrate | manure N silage quality, introducing grinded or pelleted

forage and/or concentrate could be
considered in the future, where it fits within
the dietary requirements of the various
stages of production.




Table 2.2. Follow up on livestock housing management.

(sand) and slurry collection
area (scraped 3 times a day).
The barn cleaned daily.

Cleaning with high pressure
water.

formalin

Previous management Report 1 Expected Changes in management New management options
Recommendations outcomes
Dairy unit with cubicles Flush with water and -50% NH3 None. Using formalin with water to clean the units is

considered a further improvement to current
livestock housing management. At the
moment, we consider this practice optional.

Straw yard cleaned every
two months.

(refer to table 2.3 for
management of manure
from straw yard)




Table 2.3a. Follow up on the management of manure storage and treatment.

colder months

Previous management Report 1 Expected Changes in management New management options
Recommendations outcomes

Manure from the straw Composting dry manure Static Monthly turning of the compost pile. -

yards is stored is an open air composting:

heap (Farm Yard Manure, -60% NH3

FYM) outside of the

livestock housing facilities. Monthly turning of -46% N,0
compost pile -89.8% CH,

+66% NH3

(see above) Addition of straw to -32% N,0 None. Large amounts of straw in the FYM coming

compost pile -45% CH, from the straw yard. At the moment, adding
more straw is not considered, given the
financial implications.

(see above) Addition of -54% GHG None. Not considered at the moment, given the
phosphogypsum to Composition: financial implications and the fact that
compost pile Little to no N,O improved compost mixing practices have

and 14% CH,. been introduced recently.

(see above) Addition of water to -30-70% NH3 & None. Not considered at the moment, given that
compost pile N,O improved compost mixing practices have

been introduced recently.

(see above) Compacting -90% NH3 None. Not considered at the moment, given that

-30% N,0 improved compost mixing practices have
Lower CH, in been introduced recently.




Table 2.3b. Follow up on the management of manure storage and treatment.

Previous management

Report 1
Recommendations

Expected
outcomes

Changes in management

New management options

The manure is left
uncovered and unturned
from collection till autumn,
when it is applied to field.

Use impermeable cover,
i.e. tarpaulin, plastic

-60-90% NH;

None.

Not considered at the moment, given that
improved compost mixing practices have
been introduced recently.

(see above) Ensure cover is airtight; -54% CH, Considered the possibility of installing pipes | -
use ventilation hoses under the manure storage system to
generate electricity from the heat produced
by the storage system. At the moment this
option is not viable and it would involve
such changes and building works that this
solution cannot be implemented.
(see above) Apply directly to land Lower N,0 None. Not considered at the moment, given that
improved composting practices have been
Use permeable cover -60-90% NH3 introduced recently.
i.e. straw, clay pebbles +200% N,0
Slurry is stored in a concrete | Slurry separation, i.e. Cattle slurry None. Not considered at the moment. The total

pit, surrounded by straw.

sCrew-press

(liquid / solid)
-2%/-72% NH
-22%/+4% CO,
-22%/-80.5%CH,

Little to no N,O
emissions

amount of manure makes slurry separation
by screw press not viable for the size of the
farm.




Table 2.3c. Follow up on the management of manure storage and treatment.

Previous management Report 1 Expected Changes in management New management options
Recommendations outcomes
Length of storage: about 6 Prevent encrustation Little to no N,O | None. -
months, before being emissions
spread in autumn.
(see above) Leave natural crust -38% CH, Adopted at the moment. -
-50% NH;




Table 2.4. Follow up on soil management.

Summer.

Heifers are left on pasture
during the winter. Plans are
underway to overwinter
them from late November
till mid-April.

Winter)

-40% N,0 and
NO;

Previous management Report 1 Expected Changes in management New management options
Recommendations outcomes

About 20 young stocks graze | Avoid grazing in colder, -7-11% N,0 Young stocks are 33. Housing of all livestock is not doable at the

permanent grass in the wetter months (Autumn, (IPCC) moment. Therefore we recommend focusing

on optimising grazing and pasture
management.

A drainage system is in place
in the fields with the heavier
soil.

Use strip grazing system
(minimise poaching)

Avoid grazing on slopes
(minimise runoff and
animal treading)

-27% N,0

Rotational grazing is adopted. Strip grazing
is not considered at the moment due to
landscape and fields layout.

Animals graze each field until grass is too
low; then move on to another field. Times
of rotation may vary.

Apply nitrification
inhibitors
(experimental strategy)

-70-80% N,0




Table 2.5. Follow up on the management of manure application to field.

organic manure.

maintenance and
calibration of machinery

Previous management Report 1 Expected Changes in management New management options
Recommendations outcomes

Manure is not tested for Manure analysis (yearly) -18% N,0 None. Manure analysis is recommended to ensure

composition. optimum nutrient management.

Fertiliser is also used on

farm.

Manure is applied untreated | Application mixed with -64% N,0 None. No access to green waste at the -

after 6 months storage on green waste moment. This practice is therefore not cost-

average. effective as of now.

Manure is applied in Avoid autumn applications | N/A Manure is never applied on permanent Ensure minimum manure quantities are

autumn, following crops grassland. Application to field depends on applied in autumn, only if necessary.

rotations. weather conditions.

Manure is applied in a single | Split applications -30% N,O None. Not enough area to cover; therefore this

application. option is not considered at the moment.

Spreading of fertiliser and Ensure regular N/A - -




1.1

1.2

1.2.1

Appendix I - Farm assessment methodology

Methodology

The visit touched 3 essential points:
(i) Farm visit to assess condition of housing, pasture and manure management.

(ii) Interview with the farm owner, Mr Sam Farmer. During the interview, a
guestionnaire has been used to record greenhouse gas mitigation strategies applied
on farm. Practices are divided in categories to cover dietary management, livestock
housing, manure storage and treatment, grazing and pasture management, and
manure application to field.

(iii) In depth discussion over carbon accounting, farm management and changes in
practices that could reduce the farm carbon footprint, while maintaining the
business productivity.

The following reports have been used to assign a score to each farm practice, identify key
areas for improvement and follow up on the progress in 6-9 months’ time.

Results

Keys

Mitigation potential score:

1 <10%
2 10-30%
3 >30%

Farm management score:

+ practice is adopted

- practice is not adopted

0 N/A, Not Applicable. Two possible situations:
- The practice doesn’t fit within the farm profile;
- No official mitigation potential is available.
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1.2.2 Farm practices evaluation

Table I.1. Dietary management evaluation.

Current practice Visit1 | Visit2
1. Improve feed conversion efficiency 0.8 0.8
a. Use legumes in the ration 2 2
b. Use of maize-based concentrate 0 0
c. Use of wheat-based concentrate 3 3
d. Use of barley-based concentrate 3 3
e. Use of high fibre dried grains (e.g. beans) -2 -2
f. Grinded / pelletized feedstuff (concentrate and/or forage) -2 -2
2. Reduced Crude Protein intake 2 2
a. Use of legumes combined with cereal grains 2 2
b. Use of oilseed meals 2 2
3. Supplementation / /
a. Tannins (e.g. condensed tannins in plant extracts) 0 0
b. Saponins (e.g. corn, potato starch, wild rye concentrate, hay concentrate) 0 0
c. Fatty acids (e.g. whole cottonseed, sunflower, rapeseeds) 0 0
d. Oils (e.g. sunflower, canola, flaxseed, coconut) 0 0
4. Accuracy of diet formulation (relative to different production stages) / /
a. Use of Total Mixed Ratio system 0 0
b. Other 0 0
BALANCED SCORE 14 14
Total score 2.8 2.8
Number of sections 2 2
ESTIMATED IMPACT
Emissions mitigation | 10-30% | 10-30%

Figure I.1. Estimated mitigation from dietary management.

DIETARY MANAGEMENT H

Improved feed conversion efficiency

Reduced CP intake _

Supplementation (N/A)

m Visit 1 +30%  +20%  +10% O -10%  -20%  -30%
<€ >

Increased emissions Reduced emissions

Visit 2
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Table I.2a. Livestock housing evaluation — Dairy

Current practice Visit1 | Visit 2
1. Use of bedding 1.67 1.67
a. Straw (ruminants) / straw flow system (pigs) -1 -1
b. Deep Litter 0 0
c. Slurry based 3 3
d. Fully slatted floor 0 0
e. Partially slatted floors, grid floors 0 0
f. Concrete floor 3 3
g. Rubber mats 0 0
2. Housing management 0.67 0.67
a. Floor washed with water 2 2
b. Floor washed with water and formalin 0 0
c. Floor washed with water and other 0 0
d. Manure removed daily 0 0
e. Manure removed twice/day or more often 3 3
f. Manure removed at end of cycle (eg. 2-6 months beef/dairy, 12 weeks -3 -3
pigs)
BALANCED SCORE 1.17 1.17
Total score 2.34 2.34
Number of sections 2 2

ESTIMATED IMPACT
Emissions mitigation | 10-30% | 10-30%

Figure 1.2. Estimated mitigation from dairy housing.

LIVESTOCK HOUSING - Dairy H

Use of bedding _

Housing management

= Visit 1 +30%  +20%  +10% O -10%  -20%  -30%
<€ >

Increased emissions Reduced emissions

Visit 2

' The use of bedding increases emissions, as opposed to bare concrete floors. For obvious reasons related
also to animal welfare, bedding is used. The use of straw is estimated to lead to an increase of emissions by
more than 30% (score -3). No official figure is available for sand bedding. We assign the score -1 following the
precautionary principle.

12



Table 1.2b. Livestock housing evaluation — Poultry (N/A)

Current practice Visit1 | Visit 2
1. Use of bedding / /
a. Straw 0 0
b. Woodchips, wood shavings 0 0
c. Concrete floor 0 0
d. Grid floor 0 0
2. Free range management / /
a. Chicken coop with outdoor run 0 0
b. Rotations system 0 0
c. Yarding with other animals (* considered as mixed housing) 0 0
3. Intensive units / /
a. Outdoor run 0 0
b. Bedding: straw, woodchips, wood shavings 0 0
c. Bedding: straw or other, with zeolite 0 0
d. No bedding: grid floor 0 0
e. No bedding: concrete floor 0 0
f. Ventilation units 0 0
g. Trees or woodland nearby 0 0
BALANCED SCORE / /
Total score
Number of sections
ESTIMATED IMPACT
Emissions increase or mitigation / /

13




Table I.3. Manure storage and treatment evaluation.

Current practice Visit1 | Visit 2

1. Slurry storage 0 0
a. Slurry separation 0 0
i. Use of liquid fraction in anaerobic digestion 0 0
1. Aeration 0 0
2. Addition of glycerol 0 0
ii. Solid fraction composted 0 0

b. Surface cover
i. No cover, crust -3 -3
ii. Surface layer of straw 0 0
iii. Fixed cover (e.g. wood, plastic, rubber) 0 0
c. Sloped or slatted floors 3 3
2. Farm Yard Manure (FYM) heaps -2 -1
a. Turned -3 3
b. Compacted -3 -3
c. Composted -3 -3
d. Addition of straw -3 -3
e. Addition of water 3 3

f. Covered
i. Inlivestock pens (e.g. straw over manure) -3 -3
ii. Impermeable cover 0 0
iii. Airtight cover 0 0
iv. Straw cover or other permeable cover 0 0
g. Piping system or shades to reduce temperature 0 0
h. Use of additives to reduce pH 0 0
i. Use of other additives (e.g. saccharose) 0 0
BALANCED SCORE -1 -0.5
Total score -2 -1
Number of sections 2 2
ESTIMATED IMPACT
Emissions increase | <10% <10%

Figure 1.3. Estimated mitigation from manure storage and treatment.

MANURE STORAGE AND TREATMENT

Slurry storage

Farm Yard Manure

W Visit 1 +30%  +20%  +10% 0 -10%  -20%  -30%
<€ >

Increased emissions Reduced emissions

Visit 2
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Table 1.4. Grazing and pasture management evaluation.

Current practice Visit1 | Visit 2

1. Livestock management 1.2 1.2

a. Avoid grazing on colder and wetter months -3 -3

b. Use of stand-off / feed pads in colder and wetter months 3 3

c. Adopt Whole Farm Management approach 1 1

d. Adopt rotational grazing 2 2

e. Reduce grazing density / stocking rate 3 3

2. Pasture management 2 2

a. Legumes in pasture 2 2

b. Graze on younger pasture (more frequent grazing cycles) 2 2
3. Soil management 1.33 1.33

a. Drainage system 3 3

b. Strip grazing system, minimize poaching -2 -2

c. Avoid grazing on slopes, minimize run off 0 0

d. Avoid compaction 3 3

e. Apply nitrification inhibitors 0 0
BALANCED SCORE 1.51 1.51
Total score 4.53 4.53

Number of sections 3 3

ESTIMATED IMPACT
Emissions mitigation | 10-30% | 10-30%
Figure 1.4. Estimated mitigation from grazing and pasture management.
GRAZING, PASTURE MANAGEMENT i
Livestock management A
Pasture managemernt i
Soil management A
!
B Visit 1 +30% +20% +10% 0 -10% -20% -30%
Visit 2 <€ >
Increased emissions Reduced emissions
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Table I.5. Manure application to field evaluation.

Current practice Visit 1 | Visit 2

1. Timing of application -1.25 0.25

a. Application mixed with green waste -3 -3

b. Split applications -2 -2

c. Avoiding autumn applications -3 3

d. Avoiding application to soil with high moisture content 3 3
2. Precision of application 0.5 0.5

a. Manure analysis (e.g. yearly tests or more frequently) -2 -2

b. Type of application

i. Injection 0 0

ii. Shallow injection 0 0

iii. Surface application 0 0

iv. Incorporation 0 0

v. Spreading 3 3

c. Ensuring regular maintenance and calibration of machinery used for 0 0

application

BALANCED SCORE | -0.38 0.38
Total score | -0.75 0.75

Number of sections 2 2

ESTIMATED IMPACT
Emissions mitigation | <10% <10%
Figure I.5. Estimated mitigation from manure application to field.
MANURE APPLICATION TO FIELD i
Timing of application _
Precision of application -
W Visit 1 +30%  +20%  +10% O -10%  -20%  -30%
- <€ >
Visit 2

Increased emissions

Reduced emissions
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Summary of findings

The scores reported for each section were obtained during the visits of Sample Farm on
15/02/2012 and on 22/10/2012.They are summarised in Table I.6. Figure 1.6 highlights the
sections where successful practices are adopted, as well as key areas for improvement.

Table 1.6. Farm practices assessment summary table.

Farm practices assessment Visit 1 Visit 2
15/02/2012 28/09/2012
Dietary management 1.4 1.4
Livestock housing — Dairy 1.17 1.17
Livestock housing — Poultry N/A N/A
Manure storage and treatment -1 -0.5
Grazing and pasture management 1.51 1.51
Manure application to field -0.38 0.38

Figure 1.6. Summary of mitigation results.

ESTIMATED MITIGATION

Dietary management

Livestock housing - Dairy i

Livestock housing - Poultry (N/A)

Manure storage and treatment
Grazing and pasture management

Manure application to field

+30%  +20%  +10% O -10%  -20%  -30%
<€ >

Increased emissions Reduced emissions

| Visit 1

Visit 2
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Figure 1.7. Detail of mitigation results.

ESTIMATED MITIGATION
DIETARY MANAGEMENT
Improved feed conversion efficiency
Reduced CP intake
Supplementation (N/A)
LIVESTOCK HOUSING - Dairy
Use of bedding
Housing management
LIVESTOCK HOUSING - Poultry (N/A)
Use of bedding (N/A)
Free range management (N/A)
Intensive units (N/A)
MANURE STORAGE AND TREATMENT
Slurry storage
Farm Yard Manure
GRAZING, PASTURE MANAGEMENT
Livestock management
Pasture managemernt
Soil management
MANURE APPLICATION TO FIELD
Timing of application
Precision of application

| Visit 1

Visit 2

+30%  +20%  +10%
<€

-10% -20%  -30%

Increased emissions

>

Reduced emissions

18




Farm management evaluation

An evaluation of the current management has been completed, based on the farm visit and
the interview of the farm owner. Three core sections have been taken into consideration:
overall farm management, manure management and soil management. Strengths and
limitations are summarised in Table I.7.

Table I.7. Summary of farm management evaluation.

Strengths Limitations
General e Recent carbon footprint o Winter grazing (heifers)
considerations assessment done by the

Cotswold Conservation Board

e Very good dietary
management

e Use of software and nutrition
manual to formulate ration

e Regular cleaning of dairy unit

Manure e Follows guidelines from e Slurry storage surrounded by
management DEFRA Fertiliser Manual (RB straw
209) and Code of Good
Agricultural Practice
e Monthly turning of compost

pile
Soil e Crops and pasture rotations o Winter grazing (heifers)
management e Livestock rotations

e No overstocking

e Drainage system on heavier
sails

e Manure applications in spring
instead of autumn
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1.3  Questionnaire on farmers’ attitudes and perceptions of GHG emission
mitigation

A questionnaire on decision-making was presented to farmers. The questionnaire included
17 factors divided in 5 sections: political (P), economic (E), social (S), technological (T)
and environmental (En). During the interview, farmers were given a copy of the

questionnaire for the record.



¢
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Farmers’ engagement feedback questionnaire

Dear Farmer,

Thank you for agreeing to complete the attached survey.

The data collected will provide useful information on farmers’ attitudes to climate change and the
reduction of greenhouse gas emissions from livestock farms. The information will be used to
evaluate the factors involved in your decision-making and to assess their impact at the farm level. A
series of possible factors are grouped in 5 categories: political, economic, social, technological and
environmental.

The questionnaire will require approximately 15-20 minutes to complete. Please follow the
instructions provided below. Do not hesitate to contact me with any questions or comments you
may have about this survey.

In order to ensure that all information will remain confidential, please do not include your name.
Please return the completed questionnaire before November 30", 2012 using the pre-stamped
envelope provided.

Many thanks.

Sincerely,

Sara Burbi

Instructions
Right-hand column: For each factor, please tick the following:-

- Yes +. The factor is taken into account during the decision-making process and it influences
the implementation of the resolution taken.
e.g. There is trust in official reports and information given by the government, and its
recommendations are followed.

- Yes -. The factor is taken into account during the decision-making process, but the factor
does not affect the implementation of the resolution taken.
e.g. There is no trust in official reports and information given by the government, and its
recommendations are questioned and/or not followed.

- No. The factor is not taken into account during the decision-making process.
e.g. Decisions are taken without considering official reports and information given by the
government.

- Sector. Sectors represent types of farm practices. Please tick all sectors that apply.

Left-hand column: Please use the blank space to write any additional comments.

Sara Burbi — PhD Research Office — sara.burbi@rac.ac.uk — Tel.: 01285 652531 ext. 2366 / 07503 224061
The Royal Agricultural College, Stroud Road, Cirencester, Gloucestershire, GL7 6JS, England




Farm ref. Date_ /__/
Interviewer Sara Burbi Page 1 of 5

Farmers’ engagement feedback questionnaire

Group 1. Political. In making decisions, the following does / does not influence me?

Trust in official reports OYes+ [No

P1.
i.e. government (DEFRA, Environment Agency) UYes-

Sector:

[1 Dietary
Management

[ Livestock Housing

[1Manure Storage and
Treatment

[1Grazing and Pasture
Management

[1Manure Application
to Field

Trust in source of recommendations (institution) [IYes+ [INo

P2. | . . .. ..
i.e. research centres, universities, associations [ Yes -

Sector:

[ Dietary
Management

[ Livestock Housing

[T Manure Storage and
Treatment

[1 Grazing and Pasture
Management

[1Manure Application
to Field

Support in integrating environmental schemes (i.e. ELS, OELS, HLS) and OYes+ [INo

P3. L .
greenhouse gas emissions reduction [Yes -

Sector:

[ Dietary
Management

[ Livestock Housing

[T Manure Storage and
Treatment

[1Grazing and Pasture
Management

[1Manure Application
to Field

[1Yes + [INo

P4. | The level of bureaucracy linked to obtaining grants Ves-

Sector:

[ Dietary
Management

[] Livestock Housing

[1Manure Storage and
Treatment

[ Grazing and Pasture
Management

[T Manure Application
to Field

Sara Burbi — PhD Research Office — sara.burbi@rac.ac.uk — Tel.: 01285 652531 ext. 2366 / 07503 224061
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Farm ref. Date  /_ /
Interviewer Sara Burbi Page 2 of 5

Group 2. Economic. In making decisions, the following does / does not influence me?

[1Yes + [JNo

E1l. | Financial constraint, i.e. limited budget Yes -

Sector:

[ Dietary
Management

[ Livestock Housing

[T Manure Storage and
Treatment

[1 Grazing and Pasture
Management

[1Manure Application
to Field

[1Yes + [1No

E2. | Current management is profitable already Ves-

Sector:

[ Dietary
Management

[ Livestock Housing

[1Manure Storage and
Treatment

[1Grazing and Pasture
Management

[1Manure Application
to Field

[1Yes + [1No

E3. | External support for budget and farm management matters Ves-

Sector:

[ Dietary
Management

[ Livestock Housing

[1Manure Storage and
Treatment

[1Grazing and Pasture
Management

[1Manure Application
to Field

[1Yes + [JNo

E4. | Cost of agricultural consultants Ty
es -

Sector:

[ Dietary
Management

[] Livestock Housing

[1Manure Storage and
Treatment

[1Grazing and Pasture
Management

[1Manure Application
to Field

Sara Burbi — PhD Research Office — sara.burbi@rac.ac.uk — Tel.: 01285 652531 ext. 2366 / 07503 224061
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Farm ref. Date  /_ /
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[1Yes + [JNo

E5. | Labour force availability O Yes -

Sector:

[ Dietary
Management

[ Livestock Housing

[1Manure Storage and
Treatment

[1 Grazing and Pasture
Management

[1Manure Application
to Field

Group 3. Social. In making decisions, the following does / does not influence me?

Trust in source of recommendations (individual) OYes+  [INo

S1. i.e. the person conducting the study UYes-

Sector:

[ Dietary
Management

[ Livestock Housing

[T Manure Storage and
Treatment

[1Grazing and Pasture
Management

[1Manure Application
to Field

[1Yes + [INo

S2. | Community support Yes -

Sector:

[ Dietary
Management

[1 Livestock Housing

[1Manure Storage and
Treatment

[1Grazing and Pasture
Management

[1Manure Application
to Field

Sara Burbi — PhD Research Office — sara.burbi@rac.ac.uk — Tel.: 01285 652531 ext. 2366 / 07503 224061
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Farm ref. Date  /_ /

Interviewer Sara Burbi Page 4 of 5
$3 Previous bad experiences [IYes+ [INo
" | i.e. consultants, community actions, interest groups LYes-
Sector:
[ Dietary
Management

[ Livestock Housing

[1Manure Storage and
Treatment

[1 Grazing and Pasture
Management

[1Manure Application
to Field

Group 4. Technological. In making decisions, the following does / does not influence me?

[1Yes + [1No

T1. | Trust in scientific basis of greenhouse gas emissions reduction strategies Ves-

Sector:

[ Dietary
Management

[ Livestock Housing

[T Manure Storage and
Treatment

[1Grazing and Pasture
Management

[1Manure Application
to Field

Trust in assessment tools currently available [Yes+ [No

T2. | . .
i.e. carbon accounting tools [lYes -

Sector:

[ Dietary
Management

[1 Livestock Housing

[1Manure Storage and
Treatment

[1Grazing and Pasture
Management

[1Manure Application
to Field

Sara Burbi — PhD Research Office — sara.burbi@rac.ac.uk — Tel.: 01285 652531 ext. 2366 / 07503 224061
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Farm ref. Date  /_ /
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[1Yes + [JNo

T3. | User-friendliness of assessment tools “Yes -

Sector:

[ Dietary
Management

[ Livestock Housing

[1Manure Storage and
Treatment

[1 Grazing and Pasture
Management

[1Manure Application
to Field

Group 5. Environmental. In making decisions, the following does / does not influence me?

[1Yes + [1No

Enl. | Interest in conservation and environmental matters " Yes -

Sector:

[ Dietary
Management

[ Livestock Housing

[T Manure Storage and
Treatment

[1Grazing and Pasture
Management

[1Manure Application
to Field

[Yes + [INo

En2. | Renewable energy more important greenhouse gas emissions reduction Yes -

Sector:

[ Dietary
Management

[ Livestock Housing

[1Manure Storage and
Treatment

[1Grazing and Pasture
Management

[1Manure Application
to Field

Thank you for taking time to complete this form.

Please return to the Royal Agricultural College, PhD Research Office using the pre-stamped
envelope provided.

Sara Burbi — PhD Research Office — sara.burbi@rac.ac.uk — Tel.: 01285 652531 ext. 2366 / 07503 224061
The Royal Agricultural College, Stroud Road, Cirencester, Gloucestershire, GL7 6JS, England
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Appendix Il . European Network

All throughout the PhD, meetings with internationally known scientists were organised in

order to validate specific aspects of the study (Table 11.1). The author also attended a series

of events, listed in Table I1.2.

Table 11.1 List of meetings with European scientists and their contribution to the study.

Date Name Affiliation Themes discussed Contribution to the study
04/02/2011 Dr Theun Vellinga Wageningen University, Farm assessment; Issues in carbon
Netherlands Farmers’ perceptions of  accounting;
climate change Value of farmers’
perceptions of climate
change and their potential
influence on uptake of
climate change mitigation
and adaptation measures
11/04/2011 Prof Sven G. Sommer Syddansk Universitet, Quantitative studies on Challenges in assessing

23-24/05/2011

11/03/2013

12/03/2013

Prof H. Wenzel
Dr L. Hamelin

Prof Lena Rodhe
Dr Erik Sindhgj
Agnes Willén

Prof Jan Bertilsson
Rebecca Danielsson
Mikaela Patel

Dr Lotta Levén

Dr Johnny Ascue

Prof Uno Svedin
Prof Carole L. Crumley
Mike Jones

Dr O. Bodin

University of Southern
Denmark

Danish Ministry of
Environment Odense,
Denmark

JTI - Institutet for jordbruks-
& miljoteknik, Swedish
Institute of Agricultural &
Environmental Engineering

SLU - Sveriges
lantbruksuniversitet, Swedish
University of Agricultural
Sciences Uppsala, Sweden

Stockholm Resilience
Institute, Sweden

Centrum for biologisk
mangfald, CBM, Swedish
Biodiversity Centre, SLU -
Sveriges lantbruksuniversitet,
Swedish University of
Agricultural Sciences and
Uppsala University

Uppsala, Sweden

Stockholm Resilience
Institute, Sweden

GHG emissions from
manure

Impact of livestock
husbandry;
Methane production
from cattle;

Biogas production.

Farmers networks;
Multidisciplinary
studies;
Agro-ecosystems
resilience

Social Networks
Analysis

emissions;

Issues related to Life Cycle
Analysis;

Issues related to the
uncertainty in quantifying
emissions from a large
number of different
systems

Relation between enteric
and manure methane
production, GHG
measurements from
manure in storage and after
field application;
Muitigation strategies for
enteric emission from
cattle and monitoring
techniques;

Reactor feeding, gas
sampling

Farmer engagement
strategies;

Validation of methodology
to integrate scientific
knowledge and farmers
historical knowledge;
Achieving resilience
through working with
farmers as co-researchers.

Impact of social dynamics
on participatory studies



Table 11.2 List of events attended and author’s contribution.

Date Event Location Author’s contribution
28/02/2011 — Conference Royal Society
01/03/2011 “Reducing greenhouse gas London, United Kingdom
emissions from agriculture”
06/09/2011 3 CREST Research GuildHE Speaker

20-21/09/2011

16/05/2012

11/09/2012

19/09/2012

4/12/2012

01/02/2013

21/05/2013

10/09/2013

30/09-
01/10/2013

18/10/2013

06/11/2013

18-19/12/2013

Symposium

British Grassland Society
10th Research Conference

“Ruminant Innovation
Network”

Environmental Strategy
Knowledge Transfer Network

4" CREST Research
Symposium

By invitation

Pasture-Fed Livestock
Association (PFLA) Annual
General Meeting

Seminar
”Low Carbon Farming”

By invitation
Launch of the FCCT Farm
Carbon Calculator

Conference

“Investment in Agricultural
Technology”

Environmental Strategy
Knowledge Transfer Network

5" CREST Research
Symposium

By invitation

XXVII Euragri Conference
“Framing the Challenges of
European Agricultural
Research — Innovation,
Stakeholder Involvement and
the Supply and Production
Chain”

Seminar

“The Future of Global
Agribusiness”

Ray Goldberg

Harvard Business School

By invitation

3 Animal Task Force
Seminar “Responsible
Livestock Farming Systems”

Conference
“Rethinking agricultural
systems in the UK”
Association of Applied
Biologists

Woburn House
London, United Kingdom

Belfast
Northern Ireland
United Kingdom

Aberystwyth University
Wales
United Kingdom

GuildHE
Coin St. Neighborhood Centre
London, United Kingdom

Sheepdrove Farm
Berkshire
United Kingdom

Campden BRI,
Chipping Campden
Gloucestershire
United Kingdom

Duchy Home Farm
Tetbury
Gloucestershire
United Kingdom

Syngenta Jealott’s Hill
Bracknell

Berkshire

United Kingdom

GuildHE
Woburn House
London, United Kingdom

Part of a series of conferences
organised by the Lithuanian
Presidency of the Council of the
European Union 2013

Vilnius

Lithuania

Royal Agricultural University
Cirencester

Gloucestershire

United Kingdom

Animal Task Force, Sustainable
European Livestock Production
Brussels
Belgium

St. Catherine's College
Oxford
United Kingdom

Poster presentation and article

Speaker

Speaker

Speaker

Co-chaired the session titled “Diversity
of end-users, what are the consequences

for innovation strategies including
investments, involvement of
stakeholders, knowledge flow and
circulation?”

Poster presentation and article
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Figure 1. Methodology timeline.
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Figure 2. Farm assessment report feedback survey.
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Table 1. Characteristics of different learning approaches (adapted from German
and Stroud, 2007).

Characteristics

Participatory Action

Research

Action Research

Conventional (Empirical)

Research

Derive lessons for the

global community on how

Characterize current or

1. Purpose Solve localized problems ) o
to solve certain types of future situations and trends
problems
Extractive (monitoring the
] o performance of scientific )
Interactive (facilitation, o _ Extractive (a large body of
o o indicators, impact ]
1 negotiation, participatory methods derived from
2. Tools assessment, process

monitoring and

evaluation)

documentation) and
Interactive (PAR

methods)

diverse social and

biophysical sciences)

3. Carried out

by whom?

Actors in a change
process (farmers,
leaders of organizational
change, policymakers,

urban residents)

Researchers with an
interest in “process” (how
transformation occurs);
change agents interested
in deriving generalizable

lessons

Researchers. At times,
change agents will also turn
to conventional research
either for inputs (i.e.
technologies) or to evaluate
the impact of change

processes they facilitated

'PAR is not just a set of tools, but a philosophy and broad approach to knowledge generation and societal

engagement.
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Table 2. Factors influencing decision making at the farm level, grouped according

to PESTE analysis models.

Type of factor Reference Description

Political P1 Trust in official reports
i.e. government (DEFRA, Environment Agency)
P2 Trust in source of recommendations (institution)
i.e. research centres, universities, associations

P3 Support in integrating Environmental Stewardship schemes
(i.e. ELS, OELS, HLS) and GHG emissions reduction

P4 The level of bureaucracy linked to obtaining grants
Economic El Financial constraint, i.e. limited budget
E2 Current management is profitable already
E3 External support for budget and farm management matters
E4 Cost of agricultural consultants
E5 Labour force availability
Social S1 Trust in source of recommendations (individual)

i.e. the person conducting the study
S2 Community support
S3 Previous bad experiences

i.e. consultants, community actions, interest groups

Technological T1 Trust in scientific basis of GHG emissions reduction strategies
T2 Trust in assessment tools currently available

i.e. carbon accounting tools

T3 User-friendliness of assessment tools
Environmental Enl Interest in conservation and environmental matters
En2 Renewable energy more important greenhouse gas emissions

reduction
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