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Abstract 

 

Irish agriculture accounted for roughly one third of our greenhouse gas (GHG) emissions in 

2019 but the European Union (EU) is striving towards the goal of achieving carbon neutrality 

by 2050. In 2018 Teagasc published the Marginal Abatement Cost Curve (MACC), which 

identifies mitigation measures that can reduce agricultural GHG emissions over the next 

decade. This study examines Irish dairy farmer perceptions of and attitudes to GHG 

mitigation, as well as their adoption of four selected mitigation measures from the Teagasc 

MACC (Dairy EBI, Nitrogen Use Efficiency, Change of Fertiliser Type and Low-Emission Slurry 

Spreading). The study also issues recommendations for policymakers and extension services 

that inform and encourage Irish dairy farmers towards their adoption.  

 

The study conducted a nationwide dairy farmer questionnaire in August 2020, with the 

participation of 482 Irish Creamery Milk Suppliers’ Association (ICMSA) members across all 

regions of the Republic of Ireland. A workshop was then designed for April 2021, based on 

the data analysed from the survey. The key findings were presented to a representative cross-

section of 15 dairy industry stakeholders and dairy farmers. They in turn recommended ways 

to increase the adoption of the four measures selected by this study. The key findings showed 

that most farmers had a positive perception of the four selected mitigation measures and had 

seemingly effectively adopted the practices associated with the measures. The main factors 

that limited their adoption were farmers’ own reservations about the mitigation measures, 

as opposed to the practices themselves, and the extent of farmer knowledge and 

understanding of these four means of mitigation.  

 

The dairy farmers acknowledged agriculture’s role in reducing GHG emissions and indicated 

a willingness to adopt or plan to adopt mitigation measures. To encourage uptake by Irish 

dairy farmers, all dairy industry stakeholders must collaborate in delivering a unified message 

regarding their adoption. The study also recommends the development of demonstration 

farms and discussion groups to harness farmer experience in peer-to-peer learning and 

thereby boost their confidence in the mitigation measures. 
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CHAPTER 1: INTRODUCTION 

 

1.1 Introduction 
 

The aims of this study are to identify factors affecting the adoption of Teagasc Greenhouse 

Gas (GHG) Marginal Abatement Cost Curve (MACC) measures by dairy farmers in Ireland and 

to propose recommendations for policymakers and extension services, which inform and 

encourage Irish dairy farmers in the adoption of GHG mitigation measures.  

 

Identification of limitations to the adoption of mitigation strategies refers to the 2018 Teagasc 

report, An Analysis of Abatement Potential of Greenhouse Gas Emissions in Irish Agriculture 

2021 - 2030 (Lanigan et al., 2018). This is Teagasc’s second publication on the MACC for Irish 

Agriculture. The GHG MACC evaluates the opportunities for the abatement of agricultural 

greenhouse gases, as well as analysing the costs/benefits of the mitigation measures and the 

abatement potential of the adoption of the GHG mitigation measures. The MACC contains 

twenty-five mitigation measures that are categorised as follows: (1) Agriculture Mitigation 

reducing agricultural methane (CH4) and nitrous oxide (N2O), which lowers emissions from 

animals, animal waste and fertiliser and reduces agricultural GHG; (2) Land Use Mitigation 

focuses on sequestering carbon dioxide (CO2) from the atmosphere in terms of land 

management and Land-Use, Land-Use Change, and Forestry (LULUCF); (3) Energy Mitigation 

concentrates on increasing energy efficiency through displacement of fossil fuels by energy 

saving, cultivation of biomass for biofuels and adoption of anaerobic digestion (Lanigan, et 

al., 2018; O’Mara, 2019).  

 

In this study, four MACC measures are focused on in relation to dairy farmers. The four 

mitigation measures selected are from the Agriculture Mitigation section of the Teagasc 

MACC. The rationale for selecting these measures arose from feedback received from a co-

author of the aforementioned Teagasc Report (2018), Karl Richards. Dr Richards advocated 

that the measures with the greatest mitigation potential should be focused on, as they ought 

to have the greatest impact in reducing GHG emissions. The MACC focuses on ‘low cost’ 

adoption of the mitigation measures. The focus on the selected measures is designed to yield 



 2 

the most impactful results in the reduction of farm GHG emissions and the improvement of 

waterway health while offering a ‘low adoption cost’ to the farmer. 

 

1.1.1 Structure of Thesis 
 

This thesis is presented in 5 chapters as outlined below: 

 

i. Chapter 1 covers the introduction to the study and the background on Irish GHG 

emissions, EU and Irish policy in relation to GHG emissions, and targets set to reduce 

emissions. It also looks at the Teagasc MACC and its measures, and the rationale for 

the selection of the four that are focused on in the study. 

ii. Chapter 2 reviews the literature regarding policy that drives climate mitigation, farmer 

motivation to adopt mitigation practices, farmer awareness of mitigation measures, 

farmer intentions, actual adoption by farmers of GHG mitigation measures.  

iii. Chapter 3 outlines the methodology used in the study, including the national Irish 

dairy survey design, survey population, and workshop design.  

iv. Chapter 4 expands on the findings in the study, including the national survey results 

and workshop results. 

v. Chapter 5 provides the discussion of the findings and includes the conclusion, 

recommendations, limitations, and suggestions for further research.  
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1.2 Background & Rationale 
 

This section first discusses the greenhouse gas emissions being produced in Ireland and by 

the Irish agricultural sector. This is followed by an examination of the European Union’s 

actions on greenhouse gas emissions in Europe and especially the role the Common 

Agricultural Policy has had in dealing with environmental impacts, animal and human health 

and global trade involving the European agricultural sector. Ireland’s agricultural policy is then 

reviewed as it relates to reducing greenhouse gases before concluding with a brief description 

of the Marginal Abatement Cost Curve outlined in the Lanigan et al (2018) study.     

 

1.2.1 Irish Greenhouse Gases 
 

Dairy production is highly lucrative to Ireland’s economy (€4.2bn annual dairy exports (Bord 

Bia, 2019)). 90% of our dairy output is exported to 120 countries around the world (Fitzgerald, 

2019). Even with our predominately grass-based system, as opposed to confinement dairy 

systems, there is still a need to further reduce our carbon footprint in terms of Kg of 

greenhouse gas (expressed as carbon dioxide equivalent CO2e) per litre of milk sold per 

hectare of farmland area (O’Brien et al., 2012; O’Brien and Hennessy, 2017; O’Brien et al., 

2014).  

 

In Ireland the agricultural sector is the main source of GHG emissions in the Irish GHG 

inventory. In 2019, agricultural GHG emissions decreased by 3.9%, yet still agriculture was 

responsible for 35.3% of Ireland’s total GHG emissions, compared to 20.3% from transport, 

our next highest GHG contributor. Specifically, methane (CH4) accounts for 64% of agricultural 

emissions. Of this methane, 80% is linked to bovine and ovine enteric fermentation. The 

remaining 20% can be attributed to organic and liquid manure management.  

 

Nitrous oxide from organic and synthetic fertilisers and animal excreta is responsible for 

almost 31% of the remaining agricultural emissions, with minor percentages associated with 

carbon dioxide (CO2), from liming and urea application and fossil-fuel combustion (Lanigan et 

al, 2018).  
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The high levels of GHG being produced by the agricultural sector reflect the importance of 

agriculture in Ireland, which is amplified by the dominance of a ruminant grass-based system. 

As Ireland has a relatively small population and heavy industry sector, when compared to 

other developed countries, the contribution of emissions from energy, transport and 

manufacturing are therefore also relatively small.  

 

1.2.2 EU Policy in Tackling GHG 
 

European Union climate targets are framed by the Paris Agreement (PA) of 2015. These 

targets seek, through global emissions reductions, to restrict temperature elevation to below 

two degrees more than pre-industrial levels. They optimally strive for a less than 1.5-degree 

increase (Meyer-Ohlendorf, 2018). The signatories to the PA reached a consensus that legally 

binds these countries to combine their efforts to meet emission reduction requirements over 

global warming. A requisite of the PA was that all members establish Nationally Determined 

Contributions (NDCs), which must be renewed every 5 years. NDCs are climate action plans 

that highlight climate-related targets, practical measures and overall policies that 

governments devise and implement to address climate change. In 2014, the European Council 

updated the EU 2050 Climate and Energy Roadmap with a view to achieving carbon neutrality 

by the second half of the century. A development of the Roadmap was the European Green 

Deal of 2019. In summary the Green Deal tasks EU countries with establishing “climate law” 

showing commitment to carbon neutrality by 2050. This entails increased use and promotion 

of cleaner energy sources and energy efficiency, and development of climate action plans for 

the industrial and agricultural sectors.  

 

As the EU endeavours to reach emission targets in alignment with the goal of reducing the 

impact of global warming, the current goals or objectives may change over time to achieve 

optimal results (DAFM, 2020). 
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1.2.3 Common Agricultural Policy  
 

The agricultural sector has evolved and progressed since the establishment of the European 

Union. The Common Agricultural Policy (CAP) was formatted in 1962. The key objectives of 

the CAP were to provide a better and more reliable standard of living for farmers while 

offering affordable food to EU citizens. The CAP is considered to have been widely successful 

in achieving these initial goals. The CAP has delivered food stability throughout the EU and 

extended production and trade across the agricultural sector (European Sources Online, 

2016). 

  

Since its inception, the CAP has gone through different stages of renewal. In 2003, direct 

payments evolved into the Single Payment Scheme (Single Farm Payment), before becoming 

the Basic Payment Scheme (BPS) which currently exists. The BPS directed that those farmers 

in receipt of these payments must comply with conditions to ensure food safety, proper 

farmland management, sound environmental practices, plus proper animal health and 

welfare standards.  

 

The requirements of the 2003 CAP reform fell under the heading of “Cross Compliance” which 

is a set of environmental rules and standards the farmer must follow in order to receive direct 

financial assistance from the BPS (Department of Agriculture, Food and the Marine, 2021). 

The “Cross Compliance” consisted of two areas: Statutory Management Requirements (SMRs) 

and Good Agricultural and Environmental Condition (GAEC). SMRs focused on conditions that 

farmers must meet regarding the environment, food safety, plant and animal health, and 

animal welfare. GAEC was concerned with farmland management, whereby farmers must 

keep their land in good agricultural and environmental condition, including soil and organic 

matter protection and maintenance, along with protection of water sources and habitats.  

 

Further reforms introduced in 2013 resulted in the “Green Payment” (Greening) being 

integrated into CAP as a way of rewarding farmers who had actively adopted more 

environmentally friendly farming practices. The aim of the Green Payment was to improve 

the environmental performance of the CAP in line with EU legislation. To qualify for the Green 

Payment, farmers had to meet certain criteria, including crop diversification, maintenance of 
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permanent grassland, and biodiversification of 5% of their land. The new CAP reform currently 

being finalised in the period 2021 – 2022 and the CAP strategic plans to be submitted to the 

EU Commission by member states by year’s end (2021) will propose changes to the CAP to be 

implemented from 2023 onwards.  

 

An October 2020 press release by the Council of the EU stated that the CAP would commit to 

stronger endeavours to achieve the environmental and climate targets set out in EU policy, 

and to strive for a carbon-neutral EU by 2050. The EU Council outlined the need for member 

states to have more ambitious environmental targets, reinforced by mandatory measures 

such as eco-schemes. Nonetheless, the Council offered member states flexibility in the 

manner in which they allocated funds for various green practices, over a “two-year pilot 

phase”. The new CAP reform aims to provide additional flexibility to member states to 

demonstrate higher environmental ambitions than was previously allowed. The “two-year 

pilot phase” allows members develop a national strategic plan to calculate the necessary 

funds needed for their “eco-schemes” to achieve their environmental targets (Council of the 

EU, 2020).  

 

1.2.4 Ireland’s agricultural policy for reducing GHG 
 

The EU has split GHG emissions into two categories, the Emissions Trading Scheme (ETS), 

primarily concerning large industry and emissions from electricity generation, and non-ETS. 

Agriculture falls under non-ETS, along with transport, small industry, and the built 

environment. Ireland’s non-ETS target is for a reduction of 30% in GHG emissions by 2030, 

relative to 2005 levels. 

  

In response to the EU’s introduction of the European Green Deal, Ireland, in 2019, agreed to 

support the EU’s target for a carbon neutral (net zero GHG emissions) EU by 2050 (DECC, 

2020).  

 

According to the EPA (2019), Ireland’s agricultural GHG emissions have increased by 1.9% in 

2018, with the most significant driver being higher cow numbers since the abolishment of EU 

milk quotas in 2015. Agricultural GHG emissions decreased by 3.9% in 2019, which is largely 
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credited to a reduction of fertiliser use from 2018, but the reduction of GHG emissions must 

continue as to achieve the goal of 30% reduction of GHG by 2030 (EPA, 2020). Ireland’s 

Climate Action Plan 2019 outlines the country’s ambition to meet the EU’s targets to be net 

zero by 2050, as per the EU’s Green Deal. 

 

The Department of Agriculture, Food and Marine (DAFM) has devised and implemented 

schemes and programmes that provide funding to stakeholders to encourage and support 

more environmentally sustainable practices in agriculture. These financial supports come 

through the CAP, through the Green Low Carbon Agri-Environment Scheme (GLAS), and via 

the Targeted Agricultural Modernisation Schemes (TAMS) (European Documentation Centre, 

2016). The goal has been to expand the adoption of existing emission reduction practices to 

reduce agriculture’s total emissions to 17.5 - 19 Mt CO2eq by 2030, compared with 20 Mt 

CO2eq (2017) (Lanigan et al, 2018).  

 

The Irish Climate Action Plan of 2019 has outlined steps to be taken regarding methane and 

nitrous oxide reduction and carbon sequestration. They are: 

• Increasing Economic Breeding Index (EBI) and animal health to improve animal 

production efficiency.  

• Replacing 50% of Calcium Ammonium Nitrate (CAN) fertiliser with protected urea 

products (urea fertilisers coated or infused with urease inhibitors that assist in 

reducing nitrogen losses through ammonia) and increasing nitrogen-use efficiency 

through improved soil fertility.  

• Improving slurry/organic management by changing 50% of slurry spread from splash-

plate to low emission slurry spreading.  

• Increasing afforestation. 

• Improving grassland management. 

• Restoring/rewetting organic grassland soils (peatlands/raised bogs). 

 

Many of the agricultural GHG reduction measures outlined in the Climate Action Plan were 

already set out in the 2018 Teagasc report “An Analysis of Abatement Potential of 

Greenhouse Gas Emissions in Irish Agriculture 23021-2030” (Lanigan et al., 2018).  
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The intent of the DAFM publication, Ag Climatise – a roadmap towards climate neutrality 

(2020), is to provide a more detailed set of actions to be carried out from 2021 to 2030. The 

roadmap’s primary focus is to reduce GHG and ammonia emissions, thereby fostering an 

improvement in water quality and biodiversity. Ireland is committed to the EU GHG regulation 

for a reduction of NH3 by 5% by 2030 (taking 2005 as a baseline).  

 

Ammonia (NH3) is not considered a GHG but an air pollutant. In Ireland, agriculture is 

responsible for 99% of total national ammonia emissions. Ammonia is primarily derived from 

fertilisers and animal excreta, therefore several of the measures that address nitrous oxide 

emissions can also reduce NH3 emissions, e.g. protected urea and low-emissions slurry 

spreading.  

 

The roadmap contains 29 different actions that outline specific ways to reduce GHG emissions 

and improve the land-use sector. The actions detailed therein are chiefly based on the 

Teagasc MACC (2018), with the inclusion of recommendations from agricultural stakeholders 

based on approximately 500 responses (2019) received as part of the drafting process of the 

document. The cooperation and involvement of all stakeholders, farmers, industry, and farm 

bodies, is required to achieve the ambitious targets set out in the roadmap (DAFM, 2020).  

 

The roadmap aims to reduce nitrous oxide emissions associated with fertiliser usage by 40% 

- 50% over the next decade. This would require a decrease in the total amount of nitrogen 

fertiliser used on Irish farms from 408,000 tons in 2018 to 325,000 tons in 2030, with an 

interim goal of 350,000 tons by 2025. In addition, a large portion of the remaining straight 

nitrogen fertiliser ought to be applied in a form that is coated with a urease inhibitor. The 

buy-in of fertiliser industries plays a vital role here, given that by 2023 unprotected urea 

products will be phased out and that 65% of all straight nitrogen products (Calcium 

Ammonium Nitrate) will be replaced with protected coated fertiliser products (protected 

urea) by 2030.  

 

The roadmap did recognise that some of changes outlined are optimistic but are necessary to 

achieving climate neutrality in Ireland (DAFM, 2020). For example, by 2027 Low Emission 

Slurry Spreading (LESS) Technology will be used to apply 90% of livestock manure and there 
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will be 350,000 ha of organic production by 2030. The actions for land management shadow 

the targets set out in the climate action plan, namely rewetting carbon rich soils to increase 

carbon sinks, increasing biodiversity on farms and maximising afforestation efforts. Other 

actions focus on sustainable energy measures that encourage farmers to increase the use of 

renewable energy on their farms. Finally, there are several “cross cutting actions” that seek 

to improve Agricultural Knowledge and Innovation Systems (AKIS). AKIS refers to the support 

and knowledge services that provide farmers with the necessary information and networks 

surrounding agricultural innovations. Ireland is unique in that a sizeable part of the services 

needed for AKIS exist within a single instruction entity called Teagasc, which provides 

extension, education, and research services. The strategy for improving AKIS is to continually 

develop farm advisors, both private and public, to share the latest findings on the actions to 

the farming community.  

Ongoing consultations at Irish government level have been geared towards bringing forward 

a new climate bill that plans to set out more ambitious emission reduction targets for the next 

few decades. The title of the bill is, “Climate Action and Low Carbon Development 

(Amendment) Bill 2021” and it aims at a 51% reduction target of Irish emissions by 2030, 

relative to the 2018 baseline emissions (DECC, 2021).  

 

1.2.5 Marginal Abatement Cost Curve 
 

The MACC can be used to discuss the relative efficiencies of the different abatement options 

and the total greenhouse gas emissions that can be reduced by applying mitigation measures 

that go beyond the ‘normal’ scenario (Emmet-Booth, et al., 2019). The key is to find the most 

cost-effective way to achieve emission reduction goals, since the cheapest greenhouse gas 

measures would be the first to be implemented (Eory et al., 2018). The MACC can be 

presented in the form of a bar graph as seen in Figure 1.1 where the mitigation measures are 

ranked from left to right, from the most cost-beneficial measures to most cost-prohibitive 

measures (Lanigan, et al., 2018). The graph illustrates the measures’ mitigation potential by 

the width of the bar, and the cost of implementing the measure in the long term, by whether 

the measure is below on the left or above on the right of the x-axis. The MACC can include an 

indication of the price of carbon credits on the international market. Measures that are above 

the x-axis but less than the price of carbon credits are “cost-effective measures”. 
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Figure 1. 1 Hypothetical Example and Explanation of a Marginal Abatement Cost Curve (MACC) 

(Lanigan et al, 2018). 

 

1.3 Study Rationale 
 

This section provides the rationale and produces the justification for the selection of the 

MACC measures. It focuses on and produces the explanation of the selected measures 

analysed. The section starts with a reasoning for the exclusion of the other MACC measures 

that were highlighted by Lanigan et al (2018). The section concludes with an explanation of 

the four selected measures. 

 

1.3.1 Rationale for The Agricultural Mitigation MACC  
 

The empirical focus of this study is on dairy farms in Ireland and there is only a select number 

of MACC measures that are applicable to dairy farm operations. The elimination of certain 

MACC measures was achieved through an analysis of all mitigation measures and thereby 

through the identification of factors preventing the relevance of some for this research. The 

five most common criteria for elimination applied in the analysis of the MACC were: (1) not 

applicable to dairy farming; (2) not applicable to all dairy farms; (3) limitations to widespread 

adoption; (4) parameters difficult to measure; and (5) low mitigation potential (≤ 0.10Mt CO2-

eq yr-1). At the outset, all MACC measures that were not associated with dairy farm 

operations were immediately excluded. Measures that are region-specific or not suited to a 
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clear majority of dairy farm operations were also excluded. Measures that have limitations re 

widespread adoption lack the technological support to allow for large-scale implementation.  

 
Table 1. 1 Selection Rationale for the Agricultural Mitigation Measures. 

 
Mitigation Measure 

Not Applicable 
to Dairy 

Not Applicable 
to All Dairy 

Farms 

Difficult to 
measure at 

national level 

Low Mitigation 
Potential 

(≤0.10Mt CO2-
eq yr-1) 

Limitations to 
wide scale 
adoption 

Agricultural Mitigation      

Improved Beef Maternal Traits P     

Beef Genetics: live weight gain P     

Extended grazing  P P P  

Dairy EBI*      

Improved animal health   P   

Nitrogen-use efficiency*      

Sexed Semen  P  P P 

Inclusion of clover in pasture  P  P  

Change Fertiliser Type*      

Reduced crude protein in pigs P     

Draining wet mineral soils  P P   

Slurry amendments    P P 

Adding Fatty Acids to dairy diets   P P P 

Low-emission slurry spreading*      

Land-Use Mitigation      

Grassland Management   P   

Water table manipulation of 
organic soils 

 P    

Forestry P     

Tillage management- cover crops P     

Tillage management- straw 
incorporation 

P     

Energy Mitigation      

Energy efficiency on the farm  P  P P 

Wood biomass for energy 
generation 

P     

Short Rotation Coppice & 
Miscanthus Biomass for Heat 

P     

Short Rotation Coppice for 
Electricity 

P     

Anaerobic digester P     

Biomethane P     

*Measures selected from the MACC to be examined in this study.  
Not applicable to dairy: The mitigation measure does not relate to the dairy farming operations. 
Not Applicable to all dairy farms: The mitigation measure would not be suited to all dairy farm operations or only applicable to farms in specific regions.  
Limitations to wide scale adoption: The abatement measure implantation is limited to the technology available to successfully adopt the measure on a 
national scale.  
Difficult parameters to measure: The abatement measure would be difficult to capture in national GHG inventories.  
Low mitigation potential: The mitigation measure has a mitigation potential below 0.10 Mt CO2-eq yr-1 and would not have sufficient GHG emission 
mitigation to have an immediate effect on reducing farm emissions.  
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1.3.2 Rationale for The Four MACC Measures Selected 
 

The mitigation measures selected from the agricultural mitigation MACC are Dairy EBI 

(Economic Breeding Index), Nitrogen Use Efficiency (NUE), Change Fertiliser Type and Low 

Emission Slurry Spreading (LESS). The four measures have a combined mitigation potential of 

1.17 Mt CO2-e yr-1 out of 1.85 Mt CO2-e yr-1 of all fourteen of the agricultural mitigation 

measures. The linear uptake of these four measures may move Ireland closer to reaching the 

EU targets set for 2030. The DAFM Climate Action Plan (2019), outlines how important NUE, 

low-emission fertiliser (change of fertiliser type) and low-emission spreading techniques 

(LESS) can be in achieving the abatement potential targets early in the decade of 2021-2030. 

Additionally, improving NUE and LESS uptake contributes to reducing ammonia emissions, 

which aids the pursuit of the 5% reduction set out the EU for 2030 (Wall et al., 2016). An 

added benefit of improving the NUE, changing fertiliser type and LESS adoption is better 

management practice. This reduces pollution to waterways.  

 

The uptake of EBI has already been successful as a genetic selection tool to improve animal 

performance and herd efficiency (O’Sullivan et al., 2019) and EBI is already employed on most 

dairy farms to improve herd performance. It is also important to note that with an improved 

dairy herd comes the reduction of GHG emissions produced by the herd.  

 

The selection of the mitigation measures here does not require any great variations to the 

dairy farmer’s existing farm management practises. The mitigation measures chosen require 

improvement of management relating to herd genetics and fertiliser management, 

culminating in the added benefit of improved farm income (Teagasc, 2019). Below are 

detailed descriptions of each mitigation measure. 

 

1.3.3 Dairy EBI  
 

This objective of this abatement measure is to reduce GHG emissions by improving dairy herd 

performance via genetics, using the Irish Economic Breeding Index (EBI) system. The EBI 

system assists Irish dairy farmers improve their herd genetics by breeding more efficient 
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replacement animals that are best suited to the Irish pasture-based, milk solids-based 

payment system (Glanbia Connect, 2019).  

 

The EBI is made up of seven sub-indexes comprised of the characteristics most desirable for 

profitable milk production. These sub-indexes are (1) Milk production, (2) Fertility, (3) Calving 

performance, (4) Beef carcass, (5) Cow maintenance, (6) Cow management and (7) Health. 

These traits have economic values or weighting in the EBI index. The seven sub-indexes are 

rated as follows: Milk production 33%, Fertility 33%, Calving performance 10%, Beef carcass 

8%, Cow maintenance 8%, Cow management 4% and Health 4% (ICBF, 2020). Selecting the 

best traits to improve the genetic merit of the dairy herd delivers a more efficient and 

sustainable dairy animal which consequently helps lower GHG emissions. Improvement of 

herd genetics reduces the GHG emissions per unit of production by 2% with every increase of 

10 euros in EBI (Lanigan et al., 2018).  

 

The mitigation potential of EBI was based on: 

1. Better fertility, in turn decreases the calving interval and replacement, which results 

in a reduction of enteric methane per unit of product. Increased fertility results in early 

calving dates, thereby increasing the grazed grass in the cow diet, further improving 

milk composition and milk yield per unit of product. 

2. Better milk composition (protein & butterfat) and higher milk yield, which leads to an 

increase production efficiency, resulting in decreased emissions per unit of product. 

3. Improving health increases survival rates and extends the lifetime of the cows in the 

herd. It also reduces the incidence of disease, leading to improved production levels, 

which lower GHG emissions. 

(ICBF, 2019) 

  

According to the “Irish Cattle Breeding Federation [ICBF - cattle breeding information services 

to Irish dairy and beef industries] Submission on 2020 Strategy”, their goal is to “incorporate 

the latest findings on greenhouse gas emissions and the use of genomics into Irish breeding 

programs” (Wickham, 2010). Improving herd genetics enhances both farm profitability and 

reduces GHG emissions of the Irish dairy cow through increased reproductive performance, 
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better milk yield and composition, and greater longevity of the cows in the herd (Teagasc, 

2019). The Teagasc Dairy Roadmap estimates that the average EBI will increase to €180/cow 

and research-herd target increase to €230/cow by 2025. In addition, the milk delivered per 

farm will increase to over 570,000 litres, with a milk composition of 3.6% protein and 4.25% 

butterfat with a 20%+ reduction in milk production carbon footprint by 2025 (Teagasc, 2016). 

Assuming the linear uptake of these efficiency measures, such as genetic improvement, they 

have the mean potential to reduce GHG emissions by 0.43 Mt CO2 -e (Metric tonnes of carbon 

dioxide equivalent) per annum.  

 

1.3.4 Nitrogen-Use Efficiency  
 

The nitrogen-use efficiency (NUE) MACC measure focuses on the efficient use and 

management of nitrogen-based fertilisers and the optimisation of soil pH. This mitigation 

measure is based on an improved nutrient management plan (NMP), which focuses on 

fertiliser application (chemical and organic) and maximising soil fertility, especially in order to 

prevent water pollution. This in turn creates suitable nutrient uptake for the crop to grow 

more effectively. According to the Food Wise 2025 document (DAFM, 2015), improving NUE 

through nutrient management will reduce nitrogen and phosphorus losses to the atmosphere 

and prevent nutrients leaching into waterways.  

 

As DAFM (2018) has implemented cross-compliance as part of the EU Basic Payment Scheme, 

the farmer cannot exceed more than a total of 170 kg of nitrogen per hectare (N/ha) of 

livestock manure and slurry produced on the farm in a year. The N/ha figure is calculated by 

dividing the total amount of kg of N produced by the animals (dairy cows, suckler cows, cattle 

aged 0 to <2 years) on the farm by the farm’s eligible land area. If farmers plan to exceed this 

limitation, they must apply for an increase to a maximum of 250 kg N/ha through a Nitrates 

Derogation scheme in which they must adhere to stricter regulations, such as mandatory 

submission of a Fertiliser plan to the DAFM, and must have grazing livestock with a farm 

holding of at least 80% grass (DAFM, 2019). A farmer in the Nitrates Derogation scheme can 

still have one of the lowest NUE on a three-year rolling average basis, when compared to 

tillage, sheep, and all other farms (Teagasc, 2019). With the predictions from the EPA GHG 

Emissions Projection Report (2019), N fertiliser use is set to increase by 6% between 2020-
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2030. The dairy sector needs to increase the NUE to help reduce GHG emissions and improve 

water quality. There was a failure to meet the national target of 13% set regarding the 

improvement of water quality in the last six-year period via high-quality water sites (DAFM, 

2018). With the predicted increase of N fertiliser use and the recent failure to meet national 

targets, it is evident that NUE among dairy farmers must improve to help achieve abatement 

potential. 

 

The main aim of a nutrient management plan is to successfully manage nutrients to achieve 

maximum growth of the crop, with minimal waste or harm to the environment. The 

breakdown of organic and chemical fertiliser releases nitrous oxide (N2O), which is lost to the 

atmosphere and leached to waterways if not absorbed by the plant. Improving NUE helps 

maximise the N utilisation by the plant, which limits the losses and reduces pollution and 

emissions. Soil fertility is a critical factor in improving the NUE in grassland. Improving the soil 

pH to 6.3 with a lime application can reduce the N fertiliser required and create faster uptake 

of nutrients by the plant (Courtney, O’Loughlin and Wall, 2017). Additionally, the lime 

application has been shown to improve NUE in terms of improving soil pH and Phosphorus 

(P) availability to the plant (Andersson et al., 2016; Egan et al., 2019). This, in turn, helps 

reduce the intensity of N fertiliser applications. A 10kg per hectare reduction of N fertiliser 

will improve farm income by €10/Ha and decease farm GHG emissions by 1% (Teagasc, 2019). 

As mentioned in the Climate Action Plan (DAFM, 2019), nitrogen-use efficiency is one of the 

essential MACC measures to help achieve the abatement potential early in the decade of 

2021-2030. Replacing Calcium Ammonium Nitrate (CAN) with urea products (urea requires 

less energy and CO2 than CAN (Teagasc, 2019)) and a full uptake of NUE in improved soil 

fertility could achieve annual GHG mitigation of 0.10 Mt CO2-e (Lanigan et al., 2018).  

 

1.3.5 Change Fertiliser Type 
 

Of the fourteen measures associated with the Agricultural Mitigation in the MACC, Change 

Fertiliser Type is the most substantial abatement measure, with a mean N2O reduction of 0.52 

Mt CO2-e yr-1 between 2021-2030. The measure focuses on altered fertiliser formulation, 

mainly treated urea products. Protected urea products are urea fertilisers coated or infused 

with urease inhibitors such as Thiophosphorictriamide (NBPT), which can aid in the reduction 
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of ammonia-nitrogen (NH3-N) emissions of on average 78.5% (based on temperate grassland) 

(Forrestal et al., 2016). The urea inhibitor (NBPT) reduces the conversion of urea to ammonia 

which in turn minimises nitrogen losses through ammonia (Courtney, O’Loughlin and P. Wall, 

2017). Currently in Ireland, the majority of straight N fertiliser is in the form of CAN (84%) 

(Forrestal et al., 2017).  

 

As part of the Climate Action Plan (2019), the goal is to have 50% of CAN fertiliser replaced 

with protected urea. In conjunction with the National Emissions Ceiling Directive in line with 

EU regulations, there has been a requirement to reach a 1% reduction of ammonia emissions 

by 2020 and 5% by 2030 (Wall et al., 2016). If a 50% replacement of CAN in favour of protected 

urea products is achieved early in the decade, the mitigation potential increases to 0.75 Mt 

CO2-e yr-1 but should the abatement measure be implemented immediately, with full uptake, 

the mitigation potential would increase to 0.97 Mt CO2-e.  

 

The cost of protected urea (0.85 €/kg N) has similar pricing to CAN (1.05 €/kg N), depending 

on the product type and market fluctuation (Teagasc, 2019). Nonetheless, protected urea 

fertiliser becomes less effective in reducing ammonia emissions when incorporated with N 

(nitrogen), P (phosphorus) and K (potassium) fertiliser compounds. There is a similar problem 

when applying urease inhibitor fertiliser and diammonium phosphate (DAP, the world’s most 

widely used phosphorus fertiliser) simultaneously but this loss can be addressed with the 

application or inclusion of magnesium sulphate (MgSO4) when DAP is included with urease 

inhibitors (NBPT) (Sha et al., 2019; Garnier and Barr, 2019). As the protected urea holds N in 

ammonium form and releases into the soil, over a more extended period, the ammonia 

proves more stable in the soil, particularly in wet conditions, and this helps protect waterways 

(Horan, O’Brien and Wall, 2019).  

 

1.3.6 Low-Emission Slurry Spreading  
 

The purpose of low-emission slurry spreading is to address indirect N2O emissions related to 

ammonia losses during slurry application. Low-emission slurry spreading (LESS) techniques 

aid the reduction of ammonia losses and N fertiliser requirement as the LESS application 

techniques increase the nitrogen fertiliser replacement value (NFRV) (Lalor et al., 2011). This 
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reduces the total N fertiliser inputs and lowers the N emissions that are associated with 

spreading fertiliser. The LESS application decreases the surface area exposed to volatilisation 

and minimises the sward contamination. Low-emission spreading applications consist of an 

umbilical system (US), shallow injection (SI), trailing shoe (TS) and dribble bar/band spreading 

(BS). The most effective low-emission application is the trailing shoe, in terms of reducing 

volatilisation while providing the greatest number of days to apply slurry during the spring 

(Lalor and Schulte, 2008; Lanigan et al., 2018).  

 

As can be seen in figure 1.2 in (a) the SP method covers the sward in slurry, which allows a 

large surface area for volatilisation of N2O to occur. BS in figure 1.2 in (b) spreads the slurry in 

lines close to the top of the sward, which decreases the surface area for volatilisation of N2O 

and contamination of the sward. TS in figure 1.2 in (c) is an adaptation of the BS with a “shoe” 

on the end of the pipe which applies the slurry 

directly on the soil underneath the sward, with 

little to no contamination of the sward. SI in figure 

1.2 in (d) involves discs that cut slits no deeper than 

5cm into the ground and inject the slurry into the 

slits. SI is the preferred method to reduce ammonia 

losses, as there is minimal exposure to the weather. 

Nonetheless, the SI method can be quite expensive 

and requires larger machinery. It is also not suitable 

for all Irish soils. The umbilicate system requires two tractors, with one to pump the slurry 

from the yard to the tractor in the field that spreads the slurry with either a splash plate or 

low-emission application attachment. The umbilical system does not require tankers to 

spread, therefore reducing unnecessary traffic in the field, which minimises soil compaction. 

 

Along with using LESS applications to spread slurry, the timing of the application and the soil 

conditions are factors that assist the reduction of indirect N2O emissions from slurry 

spreading. Spring application has been noted in multiple studies to be the optimal time to 

spread slurry as it matches high herbage growth demands, resulting in a reduction in the 

leaching of ammonia (Randall and Waterson, 2014; Lalor and Schulte, 2008; Paterson and 

Holden, 2019). Nonetheless, soil conditions in spring are not always best suited for slurry 

Figure 1. 2 Diagram Representing LESS Slurry 
Application to the Soil. (Lalor and Schulte, 

2008). 
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application. If there are high levels of rainfall throughout the year, there is an increased risk 

of nutrient leaching and pollution. This can be especially challenging for parts of Ireland where 

soil conditions are not suitable for heavy machinery until summer (Schulte et al., 2006). This 

is where the attributes of the umbilical system may be exploited to achieve the benefits of 

spring slurry application. The use of TS has shown reductions in volatilisation of 60% in 

summer and 13% in spring, when compared to SP. Similar effects were seen with BS, with a 

40% reduction in the summer and 10% in spring. Low-emission slurry spreading based on the 

mitigation of GHG is costly, yet, as the LESS mitigation measure reduces ammonia emissions, 

it qualifies as a cost-effective measure. 98% of Irelands ammonia emissions originate from 

agriculture. Land application of slurry accounts for almost half of this total (Donnellan, 

Hanrahan & Lanigan, 2018). With the climate action plan target of a 50% change to low-

emission slurry spreading (Lanigan et al. 2018), the analysis of the abatement potential 

calculated a result of 0.117 Mt CO2-e yr-1 based on 50% uptake of LESS.  

 

As the implementation of these LESS applications is expensive, there are grants available 

under TAMS to assist farmers with equipment costs. Grant uptake has been successful but 

there is a need for more widespread adoption. The new regulation set out in the EU nitrates 

directive scheme requires farmers to have 50% of their slurry spread by 15 June each year. 

Slurry spread after this date must be performed using LESS application (DAFM, 2019). 

According to the report of the nitrates expert group in 2019, farmers in derogation must 

spread slurry using LESS after 12 January 2021.  
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1.4 Research Aims and Objectives 
 

The importance of reducing agricultural GHG emissions is Ireland is vital in terms of achieving 

EU emissions targets. This study aims to investigate and identify the factors affecting Irish 

dairy farmers adoption of mitigation measures outlined in the Teagasc MACC published in 

2018 and present recommendations to inform policymakers and extension services in ways 

to encourage adoption of greenhouse gas mitigation measures by Irish dairy farmers. The 

three-part aim of this study is to: 

 

(a) assess the awareness of and attitudes to GHG mitigation measures among Irish dairy 

farmers; (b) gain insight into problems facing the adoption of such measures; and 

(c) offer recommendations to promote dairy farmer uptake of the same measures.  

 

1.4.1 Detailed Study Objectives 
 

1. To discern farmer understanding and attitudes regarding greenhouse gas mitigation 

measures. 

 

2. To identify and measure farmer awareness of the four mitigation measures selected 

and their attitudes towards those mitigation measures. (Dairy EBI, NUE, LESS, 

Protected Urea). 

 

3. To identify the limiting factors and barriers to the adoption of the four mitigation 

measures selected.  

 

4. To offer recommendations to policymakers and extension services as to how they can 

effectively promote and foster adoption of greenhouse gas mitigation measures by 

Irish dairy farmers.   
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1.5 Utility 
 

It is noteworthy that a wide range of agricultural stakeholders participated in this study, 

making it a holistic endeavour in the sector. The results of this study provide an overview of 

the views of Irish dairy farmers in relation to the four selected mitigation measures. It contains 

information relating to their understanding and attitudes towards GHGs. It provides data on 

farmer awareness of the four selected mitigation measures and, most significantly, it 

identifies the barriers and/or limitations to adoption. The findings and recommendations in 

this study are immediately relevant to policy makers and extension services in their work with 

dairy farmers in GHG mitigation measures.  
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CHAPTER 2: LITERATURE REVIEW 

2.1 Introduction  
 

Climate change is of immense concern across the globe. The urgency of addressing its issues, 

contributors and possible remedies becomes ever more heightened in an attempt to alleviate, 

if not negate, the effects of climate change (IPCC, 2019). The Irish agricultural sector 

contributes 35% of the country’s total greenhouse gas emissions (EPA, 2019). Given the 

magnitude of climate change and the causal role that Irish agriculture plays, I must now 

examine the relevant literature on agriculture in Ireland to better understand the trends and 

current thinking on the topic. 

 

The goal of this literature review is to arrive at an understanding of the intricate influences 

on farmer decision-making around the adoption of climate-change mitigation and reduction 

strategies. The study utilised the Theory of Planned Behaviour (TPB) as a suitable theoretical 

framework to guide the survey design and analysis. Studies such as Borges et al., (2014), 

Läpple et al., (2015), Leeuwis and Aarts (2021), Wang et al., (2019) and Willock et al., (1999) 

have employed the TPB as a tool to identify the causes of behaviour of farmers and they 

highlight many influencing factors that can affect farmers' decision-making. The chief 

relevance of the TPB framework (see Figure 2.1) is that it fits this study's aim of reaching a 

greater understanding of  the barriers to Irish dairy farmers' positive, adoptive reactions to 

the GHG mitigation measures presented in the Teagasc MACC. 

  

This chapter will outline the implications of (a) policy in climate change mitigation, (b) farmer 

decision-making linked to climate change and agricultural practices, and (c) farmer response 

to greenhouse gas emission reduction measures and climate change reduction strategies. 

These will be examined in the context of farmer understanding, intentions and adoption of 

climate change mitigation practices.  
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2.2 Policy Driving Response to Climate Change Mitigation 
 

Policy measures are regulations and laws adopted and implemented by organisations and 

governments to promote and enforce certain ideas, plans, behaviours and actions in order to 

achieve desired results (Ferris, 2015). One such policy entity is the European Council, which is 

made up of twenty-seven prime ministers, one from each of the EU member states (Council 

of the European Union, 2020). Each country elects its own council member. Those members 

may then recommend policy changes in order to influence people’s attitudes and beliefs 

(Millner and Ollivier, 2016). Nonetheless, Shwom (2011) and Dietz et al., (2015) argue that if 

environmental reform is to be possible, the target goals set out in legislation must be widely 

accepted by both the public and industry elites. These studies also showed that US states 

which adopted a proactive environmental legislation policy achieved higher reductions of 

emissions when compared with those states where legislation was more limited.  

 

In the European Union, governmental and EU policy measures are driving forces in 

implementing changes to reduce GHG emissions. This can be seen from the outcome of the 

Paris Agreement in 2015, where all United Nations (UN) countries, which include all EU 

members, agreed to combat climate change and deal with GHG emission mitigation. A study 

carried out by Fleig et al., (2017) examined the adoption of climate laws in twenty EU member 

states from 1990 to 2015. Fleig stated that all the EU countries (except Hungary) adopted a 

framework of law encouraging mitigation or the adoption of emissions reductions in 

greenhouse gases. He noted that peer behaviour among countries had a positive impact 

regarding the adoption of climate legislation.  

 

With European countries showing more positive intentions before the 2015 Paris Agreement, 

the EU may be viewed as an international leader in combating climate change (Bäckstrand & 

Elgström, 2013; Wurzel and Connelly, 2010). Since the Paris Agreement, the EU has outlined 

new regulations and a legislation framework with the goals of reaching net-zero carbon 

emissions by 2050 and a 50-55% reduction in emissions by 2030, when compared with 1990 

emission levels. These targets are classified under the European Green Deal where they apply 

to various sectors including energy, transport, food, construction and biodiversity (European 

Green Deal, 2019). To incentivise compliance among member states, the EU administers 
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economic penalties in the form of compensatory carbon credits and fines to those that do not 

play their part (Delbeke and Vis, 2015).  

 

Environmental policy measures are integral components in the advancement of climate 

change mitigation measures both internationally (Paris Agreement and the European Green 

Deal) and nationally (Ireland’s Climate Action Plan). Nonetheless, it may be prudent for 

individual countries to examine ways to adapt and amend the EU framework legislation, in 

order to identify the best fit for their own country (Green and Gambhir, 2019, Markkanen and 

Anger-Kraavi, 2019). This serves to minimise or negate any adverse side effects to the 

adoption of climate mitigation policies (Markkanen and Anger-Kraavi, 2019).  

 

Ambitious climate mitigation policies can produce both positive and negative impacts, as 

outlined in the Markkanen and Anger-Kraav (2019) study. The study discusses “social 

impacts”, “inequality” and “equitability” in terms of the co-beneficial and adverse side-effects 

of environmental mitigation policies. The study concluded that a need exists for awareness of 

possible negative outcomes and that consequently attention must be given to the importance 

of managing the transition to a low-carbon economy, particularly as climate change 

mitigation policies are becoming more comprehensive and ambitious. The study also states 

that governmental supports, subsidies and exemptions must play their part if unfavourable 

outcomes are to be minimised. Environmental policies may have vast environmental and 

economic benefits in their implementation but careful examination is required to achieve an 

orderly transition towards emission mitigation adoption within countries (Green and 

Gambhir, 2019). 

 

2.3 Farmer Attitudes and Beliefs Motivating Farmers to Adoption 
 

Numerous research studies have assessed farmer attitudes and responses to climate change 

and have measured the likelihood of support for mitigation and adaptation activities. They 

have also investigated the actual reception of pro-environment activities (Ondersteijn et al., 

2003). Understanding how farmers interpret climate change and how they respond is a well-

documented and investigated topic (Arbuckle et al., 2013; Borges et al., 2015; Hyland et al., 

2016; Ondersteijn et al., 2003; Wang et al., 2019). Better understanding of farmer attitudes 
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can help us recognise what motivates them to adopt certain practices and can address the 

factors that can influence farmer decisions. 

 

A thorough analysis of farmer attitudes is very complex and various studies have looked at 

farmer attitudes, goals, objectives and behaviours, whether to predict farmer actions or to 

assess what influences such actions (Garforth et al., 2004; Lensink et al., 2000; Schroeder et 

al., 2015; Sok et al., 2020; Willock et al., 1999). Farmer attitudes vary among individuals as 

well as groups and can depend on a combination of personal beliefs and values relating to the 

job (Garforth et al., 2004). Farmer attitudes can thus vary according to farm types and the 

farmers themselves (Garforth et al., 2004, Marr and Howley, 2019).  

 

Garforth et al., (2004) stated that there is a strong correlation between farmer intent to adopt 

a particular technology and the attitude the farmers already have towards the technology. 

The need to encourage a change in farmer attitude towards the technology through tailored 

advice and focusing the technology toward the target group is thus seen as necessary. 

Garforth et al., (2004) concluded that advice or publications based on farmer experiences 

with the technology or practice were noted to have influenced attitudes, with more of an 

influence being evident when the publication/advice understood the constraints on the 

farmer being offered the technology or practice.  

 

Understanding the other factors involved in farmer decision-making can also aid in making 

environmental practices and agri-environmental policies more presentable to the farm sector 

(Schroeder et al., 2015). Farmer decision-making is complex, as individual characteristics such 

as the personal context and motivational goals influence the decision-making process 

(Mankad, 2016; McDonald et al., 2016). To better understand farmer actions, many studies 

have applied the Theory of Planned Behaviour (TPB) as a method to comprehend farmer 

attitudes and beliefs. These include Borges et al., (2014), Läpple et al., (2015), Wang et al., 

(2019) and Willock et al., (1999). The TPB is derived from the Theory of Reasoned Action 

(ToRA). Nonetheless, the TPB differs from the ToRA in that it focuses on the link between a 

person’s behaviour and his or her beliefs in order to better predict certain behaviours that 

contribute to decisions (Ajzen, 1991). The aim of this framework is to better understand and 
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predict certain behavioural aspects of the person’s decision-making (Ajzen, 1991;2012, Sok et 

al., 2020,).  

Figure 2. 1 Schematic Framework of the Theory of Planned Behaviour. Adapted from Senger et al., 
(2017). 

 
The TPB (Figure 2.1) demonstrates a structured and systematic process in determining the 

cause of behaviour, intention to behave, and the many influencing factors that can affect a 

farmer’s decision-making.  

 

The TPB follows three main belief areas, i.e. attitude, subjective norms, and perceived control 

(Ajzen, 1991). “Attitude” refers to a person’s believed outcome of the behaviour to be positive 

or negative, “subjective norms” refers to the external factors and social pressures having a 

positive or negative influence on behaviour, and “perceived control” is the perceived ability 

of the individual to act on the behaviour (Ajzen, 1991). Though attitudes, social pressures and 

perceived control factors may interact positively to influence intentions, “actual control” 

factors, e.g., time, money and opportunity, which may be outside the control of the individual, 

often act to encourage or restrict subsequent behavioural change (Ajzen, 1991). “Actual 

control” is the extent of the person’s ability to perform the behaviour either positively or 

negatively. 

 

The TBP is most relevant to the aims of this study in terms of investigating farmers' attitudes 

to and understanding of GHG mitigation measures. The importance of the TPB in this study is 
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its usefulness in better understanding and predicting the adoption of environmentally 

beneficial behaviours among individuals (Gifford 2014; Jacob, Valois and Tessier, 2021). 

 

Nonetheless, the TPB does have its limitations in that the construct may be viewed as being 

overly general, leading to vague or inaccurate predictions. There may be difficulty examining 

an individual’s behaviour, as studies have conducted analysis based on self-reporting rather 

than objective measuring, which may lead to biased and skewed results (Armitage and 

Conner, 2001; Hall et al., 2019). Yet, even with these limitations, studies have acknowledged 

that the TPB has demonstrated a link between farmer attitudes and beliefs and changes in 

farmer behaviour (Sok et al., 2020; Hall et al., 2019). That being the case, it may be assumed 

that the TPB method can play an important role in understanding and possibly predicting how 

attitudes and beliefs affect farmer decision-making.  

 

The study utilises the theory of planned behaviour as a suitable framework in the 

development and analysis of the survey, so the study first looked at Everett Rogers’ ‘diffusion 

of innovation’. Rogers’ focus surrounding individual decision-making has influenced the 

development of many psychosocial theories and models regarding adoption, for example, 

TRA (Fishbein and Ajzen, 1975), TPB (Ajzen, 1991), the technology acceptance model (TAM) 

(Davis, Bagozzi and Warshaw, 1989; Venkatesh and Bala, 2008). 

 

Rogers (1995) argues that an individual’s adoption or rejection of an innovation can be 

described in different stages (see Table 2.1) of a person’s decision-making or, as Leeuwis and 

Aarts (2021) put it, as a cognitive prosses. It can be seen to be influenced by different sources 

of information at the different stages of an individual’s process of decision-making, regarding 

adoption or rejection of an innovation (Leeuwis and Ban, 2004). Furthermore, Rogers adds 

that the adoption process is shaped by the person's own characteristics (goals, values, beliefs) 

and individual perception of the innovation. Nonetheless, some of the perceptions the 

individual has towards the innovation may change over time, based on information acquired 

during  the adoption process and/or the view held regarding the innovation’s advantages and 

how much these complement their current practices. 
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Table 2. 1 Stages of Rogers (1995) Adoption Process and Relative Information Associated with the 

Relevant Stages (Leeuwis and Ban, 2004, Leeuwis and Aarts, 2021) 

Stage 1: Knowledge Information clarifying the existence of 

tensions and problems addressed by the 

innovation or policy measure 

Stage 2: Persuasion Information about the availability of 

promising solutions that may be relevant in 

their prospective user context 

Stage 3: Decision Information about relative advantages and 

disadvantages of alternative solutions 

Stage 4: Implementation  Feedback information from one’s own or 

other people’s practical experiences 

Stage 5: Confirmation Information reinforcing decisions made in 

the adoption (or rejection) of the innovation  

 

While farmer attitudes and beliefs are useful in understanding an individual’s cognitive 

process around adoption and their decision-making, their decisions, other factors may also 

affect this process. Factors which are particular to the farmer or to the farmer's farm may 

often be more significant than external factors and may hold more weight ultimately in the 

decision to be made (Valeeva et al., 2007). Such “internal” factors refer to farm characteristics 

such as farm size, location, enterprise, farm life cycle, while farmer characteristics refer to 

age, education, skill levels, values, goals and motivations (Gocsik et al., 2014; Ondersteijn et 

al., 2003).  

 

Internal factors can be difficult to influence and not all can be changed (Valeeva et al., 2007). 

Nonetheless, factors such as education, values and skill levels may be possible to influence. 

Education can better equip farmers to make improved choices in areas such as productivity 

measures and environmental or technical adjustments (Ondersteijn et al., 2003). Additionally, 

education can expose farmers to differing perspectives, thereby improving their overall 

understanding of certain issues in agriculture, which in turn can lead to the expansion of their 

skill levels and the modification of their values, goals and motivations (Haden et al., 2012; 

Garforth et al., 2004; Moya et al., 2020). Personal farmer experience is an important factor in 
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their decision-making, so much so that it can often outweigh the input of an expert opinion 

(Garforth et al., 2004, Moya et al., 2020).  

 

Haden et al (2012) found that farmers had a higher concern about climate change when they 

experienced personal or local effects, resulting in a raised positive willingness towards 

adoption of mitigation practices. Furthermore, messages that promoted social gain or 

positive outcomes from implementing mitigation measures produced a more optimistic view 

for the individual regarding adoption, as opposed to negative messaging relaying a negative 

social impact and personal consequences (Haden at al., 2012). Intention to continue with 

innovation was influenced by subjective norms, i.e. others’ opinions and/or their adoption of 

the practice/innovation. This may be exploited by extension services to influence social norms 

and to establish connections with clients who can further educate and encourage behavioural 

change (Garforth et al., 2004; Gocsik et al., 2014; Oreszczyn et al., 2010). 

 

Nonetheless, other studies have indicated that the power of some external elements, e.g. 

political factors, may lead to positive environmental change and that environmental policy 

measures can lead to performance improvements at farm level (Dietz et al., 2015; Ondersteijn 

et al., 2003). On the other hand, environmental policy measures that inflexibly constrain or 

oblige farmers to work in a particular way are not as effective as those that allow the farmer 

freedom to choose what they change or adapt (Ondersteijn et al., 2003).  

 

External factors in addition to the political include social, economic, cultural and 

environmental elements (Gocsik et al., 2014; McDonald et al., 2016). Many of these external 

factors are out of the control of the individual (Gocsik et al., 2014; Valeeva et al., 2007). 

Farmers have often been influenced by peer experiences and the differing practices 

implemented by their peers when making decisions regarding their own farms (Garforth et 

al., 2004; Linton, 2019; McDonald et al., 2016; Moya et al., 2020). In contrast, some studies 

have indicated that the affiliation between farmer decision-making and peer pressures is 

weak (Hyland, et al., 2018).  

 

The nature of the innovation/practice itself is an important factor in influencing the farmer’s 

decision to adopt, whether it be in terms of cost, compatibility, accessibility or technical 
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efficiency (Garforth et al., 2004; McDonald et al., 2016; Ollikainen et al., 2020; Willock et al., 

1999). Valeeva et al (2007) outlined the importance of highlighting to the farmer the 

innovation/practice in the most advantageous way. This means presenting its most positive 

traits in order to maximise its chance for adoption. In terms of decision-making strategy, 

Gocsik et al (2014) highlighted two types of decisions, (1) tactical, which is more short-term 

and requires less investment per production cycle and (2) strategic, which involves more risk 

and time and requires bigger investment. Gocsik et al (2014) showed how 

innovations/practices that allow the farmer a more gradual uptake can result in the farmer 

gaining more confidence as knowledge and experience grow with the implementation of the 

innovation/practice (Oreszczyn et al., 2010).  

 

Knowledge of farmer plans regarding their farms (their farm strategy) can better equip 

information services to educate the farmer and aid achievement of farmer goals (Ondersteijn 

et al., 2003). Communication that has been tailored to the farmer’s circumstances increases 

adoption levels and results in improved farmer learning (Cipolla and Zecconi, 2015; de 

Lauwere et al., 2012). Better understanding farmer needs and the constraints on his or her 

decision-making can help education services adapt to all farming styles and learning styles (de 

Lauwere et al., 2012). 
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2.4 Response to Climate Change and Climate Change Mitigation Practices in 
Agriculture 
 

This section of the literature review will analyse farmer knowledge of climate change and 

mitigation practices on the global, European and Irish levels. The section will also look at 

farmer adoption and intentions regarding the mitigation practices. 

 

2.4.1 Farmer Knowledge and Understanding of Mitigation Measures and Climate 
Change 
 
Understanding farmer perception and knowledge around climate change, mitigation 

measures1 and practices2 is vital to assist adoption plans and policies (Banerjee, 2015; Hyland 

et al., 2016). A systematic review or content analysis carried out by Madhuri and Sharma 

(2020) examined 162 papers from the period January 2000 to July 2019 that looked at farmer 

understanding of climate change across Africa, Asia, Central & South America and developed 

countries. The two authors independently chose the papers based on prior agreed criteria, 

therefore reducing the risk of bias.  

 

Farmers reported an awareness of the term “climate change” as suggesting the role human 

activity has on that change, but the percentages of farmers across the studies that were 

“aware” of anthropogenic (environmental change by human activity) climate change varied 

as the researchers’ questions posed to the farmers differed, depending on the region of the 

study and the researchers’ preferences. There is a lack of consistency regarding the methods 

used to identify farmer awareness of climate change, which results in difficulties in comparing 

research.  

 

Madhuri and Sharma (2020) indicated that the majority of farmers believe anthropogenic 

activities do have a role in climate change but the human activities that play the biggest roles 

 
1 Mitigation measure is a process of actions (practices) that collectively reduce, prevent and/or control 
environmental emissions in a targeted group or area.   
2 Mitigation practice is a specific method or activity taken to reduce, prevent or control environmental 
emissions.  
For the purpose of this study,  mitigation measures are distinguished from mitigation practices. Farmers may 
adopt mitigation practices but not have adopted the mitigation measure itself (EBI, NUE, LESS, Protected 
Urea). 
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in climate change are increased industrial activity and deforestation. Madhuri and Sharma 

(2020) found a paucity of studies on farmer awareness of the role agricultural practices played 

in GHG emissions and climate change. Their study concluded that farmers as a whole were 

not aware of the connection between agricultural practices, GHG build-up and subsequent 

climate change.  

 

The systematic review also concluded that farmers understanding the difference between 

climate variability and anthropogenic climate change is critical for them to take up adaptation 

practices. This will be imperative so that farmers can be persuaded to take mitigation actions 

and/or change their practices. Nonetheless, farmers understanding the connection between 

agricultural practices and greenhouse gases does not lead straight to farmer uptake of 

mitigation measures, as varying decision factors and constraints can influence farmers’ 

decision-making (Borges et al., 2015; Garforth et al., 2006; Moya et al., 2020). Further 

research questions addressed to farmers should focus on farmer understanding of the 

connection between agricultural activities and GHG emissions, as this would serve as a useful 

guide in understanding farmer perceptions (Madhuri and Sharma, 2020). 

 

Ricart et al (2019) looked at farmer and public awareness and perception of climate change 

at a European level. The study noted that people’s concerns and the gravity of climate change 

had increased gradually by 2008 and more so by 2015, as a consequence of the Paris 

Agreement. The study gathered data through peer-reviewed literature, public opinion 

surveys (Eurobarometer) and EU research projects. They reviewed 93 papers that met the 

inclusion criteria of the study for full text analysis. Ricart et al (2019) found that 82% (2018) 

of survey respondents (EU citizens) thought that current sustainable practices by farmers 

were insufficient and further actions should be implemented in dealing with climate change. 

Nonetheless, 68% of respondents in 2016 positively recognised the proactive attitude of 

farmers in dealing with climate change. Ricart et al (2019) also found that 61% (2010) of the 

respondents believed that agriculture was not a major cause of climate change. Nonetheless, 

50% (by 2018) stated that a primary responsibility of farmers was to combat climate change, 

with reformed agricultural policies being the main tool to achieve this. Similar to the findings 

in the systematic review by Madhuri and Sharma (2020), Ricart et al (2019) suggested that 

most farmers in the EU believed that climate change was occurring and was caused by human 
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actions. Nonetheless, a majority of the farmers analysed also believed that natural climate 

variation played an equal part in influencing climate change.  

 

Experience of climate change has been shown to be linked to a person’s prior belief that 

climate change is occurring (Haden et al., 2012; Madhuri and Sharma, 2020). Interestingly, 

Ricart et al, (2019) also note that farmer climate awareness increases as they become more 

experienced in farming. Ricart et al (2019) conclude that the issue of delivering scientific and 

political information to the farmer needs to be comprehensive on the climate change 

challenges and the necessary adaptive actions to be implemented. Examining how farmers 

perceive climate change impacts and their knowledge base can assist policy makers and 

researchers to portray adaptive measures more effectively (Hyland et al., 2016; Ricart et al., 

2019).  

 

Ricart et al (2019) further highlighted a paucity of research on the gap between farmer and 

wider public and institutional awareness and perception regarding overcoming climate 

change. Ricart et al (2019) state that in order to overcome climate change there is a need to 

narrow the disconnect between scientific results, policy makers and public and farmer 

understanding and experience.  

 

Tzemi and Breen (2019) conducted a study on Irish farmer awareness of climate change and 

their willingness to adopt mitigation tools. The study analysed data from a supplementary 

survey based on a subset of 746 respondents from the Teagasc 2014 National Farm Survey 

(NFS). This is one of the few studies that focus on Irish farmer perception of GHG emissions 

from agriculture. It included questions on such GHG emissions, climate change, farmer 

awareness and attitudes to agriculture’s contribution.  

 

Tzemi and Breen (2019) found that over half of farmers are aware that anthropogenic GHG 

emissions contribute to climate change. This seems in line with previous literature but the 

research methodology in these studies vary, which makes it tricky to compare results to 

obtain conclusive evidence (Madhuri and Sharma, 2020; Ricart et al, 2019). A greater 

inconsistency and uncertainty in farmer responses nonetheless appeared when they were 

asked about agriculture’s contribution to GHG emissions.  
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Tzemi and Breen (2019) suggest that the more aware that farmers are of climate change 

issues, the higher the probability of their adoption of advisory tools and measures to reduce 

farm GHG emissions. Furthermore, the farmers in the study showed a willingness to adopt 

GHG reduction tools after they received agri-environmental training or advice. Tzemi and 

Breen (2019) mention that farmer perception of climate change varies slightly with farm 

types, indicating that farmers that are more affected are more aware of climate change. 

Farmer experience of inclement or extreme weather was already one of the most observed 

and influential factors when examining international farmer perception of climate change 

(Madhuri and Sharma, 2020).  

 

Tzemi and Breen (2019) identify a strong correlation between farmer adoption of mitigation 

technology and their being dairy farmers. It has been recommended that the initial focus 

should anyway be on dairy farmer adoption of the technology to reduce agricultural GHG 

emissions, as the dairy sector is one of the key sources of those emissions (O’Brien et al., 

2015). This may also lead to a more positive uptake of the mitigation technology by other 

farmers, after having observed the benefits of the dairy sector adopting the measures. Tzemi 

and Breen, (2019) conclude by stressing the need to address the knowledge gap and increase 

the uptake of the “win-win” mitigation technology that can be an integral aspect to reducing 

agriculture’s GHG emissions.  

 

2.4.2 Farmer Intentions and Actual Adoption of GHG Emissions Measures 
 
Understanding farmer adoption of mitigation measures and the behavioural change that goes 

with that can be difficult due to variable and unanticipated factors. A study by Niles, Brown 

and Dynes (2016) compares farmer intentions to adopt with their actual adoption of climate 

change mitigation and adaptation. Niles, Brown and Dynes (2016) assessed 527 New Zealand 

farmers and tested several hypotheses with the main objective of investigating what 

influences farmer intention to adopt plus their actual adoption of mitigation practices and 

measures.  
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Applying the Theory of Planned Behaviour (TPB) (Borges et al., 2014; Läpple et al., 2015; Wang 

et al., 2019; Willock et al., 1999), Niles, Brown and Dynes (2016) came up with the following 

hypotheses to test:  

H1) Farmers who believe in anthropogenic influence on climate change were more likely to 

plan to adopt and actually adopt climate change mitigation practices;  

H2) Farmers who support government emissions trading schemes (ETS) were more likely to 

plan to adopt and actually adopt these practices;  

H3) Farmers who have the perceived capacity to change their own behaviour and deal with 

effects of climate change on their farming schemes were more likely to intend to change than 

actually change their behaviour;  

H4) Farmers who have already adopted a mitigation practice and are considered “early 

adopters” or “innovators” (based on Rogers’ theory of diffusion of innovation (2003)) were 

more likely to indicate adoption of further climate change mitigation practices.  

 

Niles, Brown and Dynes (2016) showed similarities to prior studies that indicated that farmer 

belief in anthropogenic climate change would increase the likelihood of adoption of 

mitigation practices and of support of policies around climate change mitigation (see Arbuckle 

et al., 2013; Madhuri and Sharma, 2020; Tzemi and Breen, 2019). The study also found a 

disconnect between potential and actual adoption and that there were no significant factors 

that influenced both. Ajzen (1991) states that subjective norms are an important aspect for 

intended and actual behavioural change. Niles, Brown and Dynes (2016) remarked that if 

there was a limited number of people supporting or practising a measure, it was unclear why 

any individual would feel pressed to do it.  

 

This study also found that concerns about climate change were a significant indicator for 

intention to adopt but not for actual adoption of mitigation practices. It noted that the 

farmers indicated low support for the New Zealand’s government Emissions Trading Schemes 

(ETS) (16% in the survey) and concluded that the TPB would not be a suitable predictor of 

farmer behaviours or beliefs in the context of actual behaviour change. Niles, Brown and 

Dynes (2016) remarked that the Ajzen (1991) TPB would be a more suitable indicator of 

adoption behaviour for adaptation practices that have public support. It further suggested 

that the explanation for actual adoption was not always linked to climate beliefs. This 
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suggestion stemmed from the finding that the NZ farmers were less likely to agree to adopt 

additional practices if they possibly felt they had already taken necessary steps or made an 

investment in combating GHG emissions.  

 

In the survey 90% of the farmers stated that they had adopted three or more climate 

mitigation behaviours. Niles, Brown and Dynes (2016) indicate that the farmers adopted the 

new practices mostly for their own efficiency, cost-reduction and productivity-related goals. 

This highlights the importance of cost-effective climate change practices for actual adoption 

of those measures.  

 

Niles, Brown and Dynes (2016) found no constant predictor for intended and actual adoption 

of climate change practices among farmers and farm characteristics. Similar findings in Tzemi 

and Breen (2019) show that farmers or farm characteristics are not a constant predictor of 

behaviour change and actual adoption and that all types of farmers are open to the potential 

adoption of climate change practices. Niles, Brown and Dynes (2016) argued that bolstering 

farmer confidence and capacity to change behaviour was vital for both intention and actual 

adoption, as simply stating facts about climate change was not necessarily effective in 

changing a person's behaviour (see Ajzen et al. 2011; Moerkerken, A. et al., 2020). Education 

alone is not enough. Data should be gathered on farmer behaviours in order to design 

effective policy and intervention strategies to address climate change and increase adoption 

of mitigation practices (Barnes and Toma, 2012; Niles, Brown and Dynes, 2016; Tzemi and 

Breen 2019). 

 

2.5 Conclusion 
 

The literature review examined the integral role policy plays in climate change mitigation and 

in understanding relevant farmer behaviour and decision-making. The review also explored 

the literature on farmer responses to greenhouse gas emission and climate change reduction 

strategies. This was conducted in the context of farmer understanding, intentions and 

adoption of those strategies. Incorporating the TPB as a theoretical framework for guiding the 

study in understanding the factors of adoption behaviours around environmental mitigation 

practices, can help identify possible limitations of the uptake of mitigation measures in the 
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Teagasc MACC. The importance of deepening our understanding of the implications of climate 

change policies and farmer engagement with climate change mitigation adoption is evident 

throughout the review. Given that our understanding of exactly what drives behavioural 

change proves difficult and complex and sometimes abstract, it is clear that further 

investigation is required try to better quantify farmer understanding of, interaction with, and 

perception of (possible limitations in) climate change mitigation strategies. 
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CHAPTER 3: METHODOLOGY 

3.1 Introduction 
 

This chapter outlines the methodology applied in this study. The chapter will describe the 

farmer survey and stakeholder workshop used to generate the primary data. A 

complementary, mixed-method approach has been followed, as opposed to employing 

quantitative or qualitative data analysis exclusively (Wisdom and Creswell, 2013). Primary 

data collection was done through the combination of a quantitative survey of farmers and a 

qualitative workshop of sector stakeholders.  

 

Previous researchers in areas that require multi-dimensional understanding of farmer 

behaviours and attitudes towards climate change have used a combination of quantitative 

and qualitative methods to help overcome the disadvantages (i.e. colourless number-

crunching v. an excess of description, respectively) that may arise from using only one method 

(Morris et al., 2017; Niles et al., 2016).   

 

The data collection methods used specifically were an Irish Dairy Farmer Nationwide Survey 

and a Stakeholder Workshop which comprised key dairy industry leaders and dairy farmers. 

The results of the farmer survey were used to design the stakeholder workshop. The 

workshop provided scope for a more in-depth and comprehensive view of aspects of the 

survey results and provided further elucidation of the barriers to the adoption of the selected 

mitigation measures.  

 

3.2 The Farmer Survey  

 
A questionnaire was developed to gather information on farmers’ existing understanding and 

attitudes towards GHG emissions mitigation measures and their opinions on the adoption of 

those practices (see Appendix 1). The survey population consisted of Irish Creamery Milk 

Suppliers Association (ICMSA) dairy farmer members, representing the dairy farming 

population from all ICMSA regions across Ireland. This parameter of choosing ICMSA 

members was decided upon to facilitate a more inclusive selection of farmers to best 
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represent the current dairy farming population of Ireland at the time. In 2020 almost 11,000 

dairy farmers in the Republic of Ireland were members of the ICMSA (representing almost 

65% of all dairy farmers in the State). ICMSA is a national representative body of Irish Dairy 

farmers. The organisation co-financed the scholarship associated with this study and so the   

ICMSA dairy members were readily accessible to the study.  

 

The survey questionnaire design had to match the first three research objectives, i.e. to study 

farmer perception of GHG measures, to investigate farmer awareness of and attitudes to the 

four chosen mitigation measures, and to identify possible factors affecting the adoption of 

those four measures. The questionnaire was administered online using the Google Survey 

application, as this was deemed to be a cost effective and efficient way to conduct a large 

national survey (Evans and Mathur, 2005). 

 

Initially a pilot survey was undertaken with three dairy farmer discussion groups in Co. Offaly 

via a text message containing the Google Survey link to the questionnaire. The pilot survey 

questionnaire sought to establish the level to which farmers answered the questionnaire 

using their mobile devices, to gauge how long it took them to respond, and to assess if they 

understood the questions being asked. A key benefit of the pilot questionnaire was that it 

indicated where a simplification of questions was required. It also identified other issues via 

the participant feedback section, for instance issues with answering some of the questions 

via the mobile device. Based on this information, some elements of the questionnaire were 

reworded.   

 

The first survey question posed to farmers was if “dairy” was the primary operation on their 

farm. This information was requested to aid in the cleaning of data when the survey’s 

subsequent focus would shift to the limitations to adoption of mitigation measures by dairy 

farmers in Ireland.  Furthermore, the respondents were asked only to continue the survey if 

they were the “main operator” of the farm or they were responding on behalf of the “main 

operator” of the farm.  The survey comprised 26 different closed questions, which sought 

information on the farmer’s profile, the farm profile, farmer participation in and attitude to 

environmental-sound farming practices. There were also specific questions on the four 

selected mitigation measures in this study, i.e. EBI, NUE, Protected Urea and LESS. The 
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questions linked to the four mitigation measures were a series of statements in relation to 

practices and attitudes associated with why farmers adopt the mitigation measures. 

Assistance from the Teagasc subject matter specialists added more depth to understanding 

why a farmer might not adopt certain measures.  

 

The Farmer Survey was conducted in August 2020. The survey was sent online to 4,600 dairy 

farmers (ICMSA members) who had provided a valid phone number and had agreed to receive 

a text message from the ICMSA. The message contained a link to the Google Survey. Of the 

4,600 ICMSA members approached, 559 responded and completed the survey. Of the 559 

responses, 482 were deemed acceptable for further analysis as they were appropriately 

completed. Double entries were removed to ensure the survey’s integrity. All responses were 

completed anonymously and the participants acknowledged and accepted that their 

responses would be used in the study. The data from the questionnaire was imported into 

the Statistical Package for Social Science (SPSS) for the purpose of analysis.   

 

3.3 Workshop 
 

Once the survey was completed and the data analysed, the stakeholder workshop was 

designed and constructed in April 2021 with the objective of getting key dairy industry 

stakeholders and farmers to review a summary of the results and recommend ways to 

improve the adoption of the four selected MACC measures. This cross-section of stakeholders 

from the dairy industry reflected varying perspectives in the sector. Additionally, it was 

important that any tentative recommendations that might arise should be discussed and 

debated in an attempt to move towards consensus on how best to advocate improving farmer 

adoption of the measures to reduce GHG emissions on their farms.   

 

The operational goal of the workshop was to have participants reflect on some of the Farmer 

Survey’s key findings and collectively identify ways to increase the adoption of the selected 

mitigation measures. The manner in which stakeholder workshop participants engage with 

and debate the issues can deepen the researcher’s understanding of participant viewpoints, 

facilitating a more holistic and balanced analysis, and thereby allowing the meaning and 

implications of participant views to be understood (Nyumba et al., 2018).  
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It was important also to identify and understand participant views on policy measures and 

knowledge transfer techniques, particularly regarding suggestions for adaptation and 

implementation of the mitigation measures outlined in the fourth study objective.  The 

workshop comprised 15 participants who came from a cross-section of the dairy industry. The 

participants included individuals from the DAFM and Bord Bia, private and Teagasc 

agricultural advisers, farmers, Irish co-operative organisation representatives, staff from Irish 

dairy industry organisations (industrial and lobbying), and representatives of Irish animal 

genetics companies.  

 

The participants who agreed to take part in the workshop were emailed a summary report of 

the survey results plus information about the workshop proceedings that they required, in 

order to prepare in advance. The summary report included results from analysis of the survey 

data (see Appendix 2).  The summary report also contained questions for the participants to 

consider prior to their workshop attendance. The workshop was conducted virtually due to 

Covid-19 restrictions.  The duration of the workshop was 90 minutes, which were allocated 

as follows: 20 minutes of introduction; four 15-minute slots on each measure; and 10 minutes 

for the conclusion. Each 15-minute slot was further broken down into a 3-minute 

presentation, containing the report results for each measure, and a 12-minute discussion with 

the stakeholders (see Workshop Schedule in Appendix 3). After the presentation of the 

results, the participants discussed them and topics related to each of the four selected 

mitigation measures (EBI, NUE, Protected Urea and LESS).  Near the end of each discussion, 

all participants were asked for their recommendations as to how to improve dairy farmer 

adoption of each measure.  

 

The virtual workshop was recorded with permission from the participants and included the 

comments suggested by the participants in the chat section of the virtual meeting. During the 

workshop the recommendations were documented on PowerPoint slides to facilitate focused 

discussion. All comments and recordings from the virtual workshop were kept confidential 

and were used for the detailed analysis. The presentation from the workshop and the 

recommendations from the conclusion of each discussion are presented in Appendix 4. 
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CHAPTER 4: RESULTS  

4.1 Introduction 
 

This chapter comes in two sections, the first on the results from the Irish national dairy farmer 

survey undertaken in August 2020 and the second on the findings obtained in the stakeholder 

workshop undertaken in April 2021. The results of the survey are presented via the farmer 

profile, the farm profile, farmer participation in and attitude to green farming practices, 

farmer participation in and attitude to specific questions on the four selected mitigation 

measures (EBI, NUE, Protected Urea and LESS), and lastly possible factors that affect farmer 

adoption of these four measures. The results from the workshop are presented in the context 

of the workshop participants reviewing the summary survey results and recommending 

solutions to increase adoption of the four selected measures.      

 

4.2 Irish National Dairy Farmer Survey  
 

The respondents from the survey were aware that their contributions would be anonymous, 

and they agreed to allow the study to use their survey answers. Firstly, the analysis of the 

survey data looked at the quality and profile of the survey responses and respondents. This 

was followed by gauging the respondents' comprehension and disposition regarding GHG 

mitigation measures and, more specifically, the four mitigation measures focused on in this 

study. The analysis of the survey data concluded with the possible limitations, regarding the 

adoption of these mitigation measures. The analysis software used to examine the survey 

results was the Statistical Package for Social Science (SPSS). The accuracy of the survey results 

based on a dairy farming population of 16,146 (Teagasc, 2021), with a 95% confidence interval 

and a 4.4% margin of error. The 2020 Teagasc National Farm Survey and the Central Statistics 

Office (CSO) Census of Agriculture 2020 dairy farmer results will be employed for a 

comparative level of representation of the Irish dairy farmer population.   
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4.2.2 Farmers’ Profile 
 

The valid responses were analysed and 96% (463) of the farmers were the “main operator” 

of the farm with only 4% (19) answering on behalf of the “main operator”. Given that the 

“main operator” proved to be the dominant category among respondents, the survey sought 

to achieve a deeper understanding of the behaviour of the dairy farmer and his or her 

attitudes to different mitigation measures included in the survey. Males accounted for the 

vast majority of respondents, representing 97%, while female respondents accounted for 3%. 

Of this 3% (n= 15) female respondents, 14 described themselves as the “main operator” of 

the dairy farm. The average age of the farmers surveyed was 51 years. This was slightly 

younger than for the dairy farmers represented in the Teagasc National Farm Survey (NFS) 

2020, which showed the average age of dairy farmers to be 54 years. The CSO (2020) put the 

average dairy farmer age at 52 years. It should be noted that the average age difference in 

this study may be attributed to the fact that this survey was conducted online and 

consequently may have been less accessible to an older cohort of farmers who lacked 

connectivity or lacked the necessary information technology skills. Figures in Table 4.1 show 

the average age of dairy farmers across Ireland with a <10% difference across the three Irish 

agricultural studies.  

 

Table 4. 1 Distribution of Irish Dairy Farmers by Average Age by Regions in Ireland from Different 
Irish Agricultural Studies 

 

Respondents were surveyed on their education, as displayed in Figure 4.1. The largest cohort 

of farmers, 33% (159), reported that an Advanced Certificate (Level 6) was their highest level 

of education. This was followed by the Leaving Certificate at 27% (129).  

Region Farmer Age Average 

Studies South North & West East & Midlands Overall Average 

Teagasc NFS 2020 N/A N/A N/A 54  

CSO Agri Census 

2020 
52 53 55 52 

This Study 51 52 51 51 
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Figure 4. 1 Distribution of Farmers by Level of Their Education (n=482). 

The ‘Green Certificate’ (Advanced Certificate in Agriculture, Level 6) was chosen here as the 

relevant measure of farmer education at that level. The rationale behind this decision was 

that in earning a Green Certificate one must have studied different aspects of agriculture and 

good farming practices. Approximately 80% of respondents held a Green Certificate with 20% 

not having obtained the qualification.  

 

The next question posed concerned the advisory service that farmers used.  

 

Table 4. 2  Distribution of Farmers by Type of Advisory Service They Used (n=482) 

 

As can be seen in Table 4.2, the vast majority of farmers used some form of advisory service. 

In some instances, farmers availed of both, with only 9.3% of farmers stating that they did not 

use any sort of advisory service for their farming operations.  

Advisory Service (No. farmers) % 

None (47) 9.8% 

Teagasc (292) 60.6% 

Private Advisory service (98) 20.3% 

Teagasc & Private Advisory service (45) 9.3% 
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There existed an almost 50/50 split between farmers applying for Nitrates Derogation in 2020 

and farmers not having applied. The farmers who did not apply for the Nitrates Derogation 

were then asked a follow-up question asking if they avoided Nitrates Derogation by exporting 

slurry. Approximately 36% of those farmers claimed they had exported slurry, whereas 64% 

said they had not. This suggested that approximately 32% or 154 of farmers out of 482 were 

within the nitrates regulation limit of 170kg N/ha/annum without the need to export slurry.  

 

4.2.3 Farm Profile  
 

When a comparison of the average total farm size of farmers in this study was made with the 

Teagasc NFS dairy farms average, and the CSO Agricultural Census, the study farmers had a 

higher average area, of approximately 66.5 Ha, compared with the Teagasc NFS dairy farmer 

average of 60 Ha, and CSO dairy farmer average of 65 Ha (see Table 4.3). Similar results were 

seen when comparing the milking herd size, with this study showing an average of 101 cows, 

the Teagasc NFS dairy average showing 84 cows and the CSO Agricultural Census dairy 

average showing 90 cows (see Table 4.4).  

  

Table 4. 3 Distribution of Irish Dairy Farmer Total Farm Size (Ha) from Different Irish Agricultural 
Studies 

 Total Farm Size (Ha)   

Studies < 20 20 – 29 30 - 49 50 - 99 >= 100 Total Average 

Teagasc NFS 
2020 

14 (4.6%) 24 (7.9%) 76 (25.2%) 132 (43.7%) 56 (18.6%) 
302 

(100%) 
60 

CSO Agri 
Census 2020 

599 (3.9%) 
1,413 

(9.2%) 

4,506 

(29.4%) 

6,697 

(43.7%) 

2,107 

(13.7%) 

15,319 

(100%) 
65 

This Study 25 (5.2%) 34 (7.1%) 
134 

(27.8%) 

213 

(44.2%) 
76 (15.8%) 

482 

(100%) 
66.5 
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Table 4. 4 Distribution of Irish Dairy Cow Herd Averages by Regions in Ireland from Different Irish 

Agricultural Studies 

Region Herd Size Average 

Studies South North & West East & Midlands Overall Average 

Teagasc NFS 2020 81 68 111 84 

CSO Agri Census 2020 92 68 99 90 

This Study 103 70 110 101 

 

Farmers were organised using three regional locators, i.e. South, East & Midlands (E&M) and 

North & West (N&W) (Figure 4.2). 

 

Figure 4. 2 Regions of 

the Dairy Farming 

Population, Source from 

Teagasc National Farm 

Survey 2019. 

 

Seventy-five percent of farmers were from the south region (see Figure 4.2) with an average 

total land size of 66 Ha, an average milking platform of 41 Ha and an average milking herd 

size of 103 cows. The East and & Midland region (see Figure 4.2) represented 15% of 

respondents, with an average total land size of 75 Ha, an average milking platform of 43 Ha 

and an average milking herd size of 110 cows. The North & West (see Figure 4.2) accounted 

for 10% of respondents, with an average total land size of 52 Ha, an average milking platform 

of 29 Ha and an average milking herd size of 70 cows. The survey farmers were representative 

of the dairy farming population of the Republic of Ireland when compared with the Teagasc 

National Farm Survey data (2020) and the Central Statistics Office Census of Agriculture 2020 

(see Table 4.5). The <10% difference in mean farmer age and farm size, between the study 

and both the Teagasc NFS and CSO Agricultural Census, further suggest the survey farmers 

are representative of the dairy farming population of the Republic of Ireland. The figures 
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above from this survey were slightly above average when compared with those of the Teagasc 

National Farm Survey and the farming statistics from the Central Statistics Office Ireland 

(2020). Nonetheless the study data, when compared to the other data from Teagasc and the 

CSO, still indicated similar findings, for example a majority of farmers' total farm size is 

between 50-99 Ha, and a majority of dairy farmers are located in the south. These findings 

are similar despite the differing dairy farmers that were surveyed between the study, Teagasc 

NFS, and the CSO Census. 

 
Table 4. 5  Percentage of Dairy Farmers in Each Region from the Teagasc NFS (2020), CSO Agri 

Census (2020) and The Study  

 

 

4.2.4 Attitudes and Understanding of GHG Mitigation Measures 
 
The first section of the survey presented the farmers and their farm profiles so as to get a 

better grasp of the types of farmers who participated in the survey. Once the survey 

population was clearly representative of farmers across the different regions, the study then 

looked more closely at farmer mind-sets and their comprehension of GHG measures and 

environmentally-friendly practices. Consequently, the next query raised was in relation to 

how the farmers felt about the statement on the importance of agriculture’s role in reducing 

GHG emissions (Figure 4.3).  

 
Almost 70% of the farmers had a positive response to the statement and acknowledged that 

agriculture plays an important role in reducing Ireland’s GHG emissions. Approximately a 

quarter of the farmers were not sure about their feeling about the statement or did not feel 

negatively or positively about it. This left 6% of farmers disagreeing with the statement.  

Regions 
2020 Teagasc National 

Farm Survey 

CSO Agricultural Census 

2020 
Study Sample 

South 73% 72% 75% 

North & West 15% 14% 10% 

East & Midlands 12% 14% 15% 
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Figure 4. 3 Distribution of Farmers by Their Response to the Statement “Agriculture has an 
important role in reducing greenhouse gas emissions” (n=482) 

 

The survey revealed that 58% of farmers had received advice or training (e.g. Nutrient 

Management Planning, GLAS, LESS) to help reduce greenhouse gas emissions on their farms. 

This indicates that a majority of farmers in this study have some understanding of how to 

reduce GHG emissions and have some level of knowledge regarding GHG-reducing 

measures/practices. Nonetheless, 42% of the farmers had not received any training or advice 

on the topic. To better understand this cohort, they were asked if they would be willing to 

receive advice/training to help reduce the GHG emissions. A majority of these farmers (70%) 

were open to this opportunity. Some 22% relayed that they were not sure about receiving 

such advice/training on emission reduction practices. Encouragingly, only eight percent of 

farmers stated that they would not be interested in receiving such advice/training.  

 

As for farmers actively involved or having made applications to take part in agri-

environmental schemes such as GLAS and/or the European Innovation Partnership Scheme, 

only twenty percent of the farmers in the study were thus engaged. This low percentage was 

expected, as participants in schemes such as GLAS reveal no more than 13% participation 

among dairy farmers. In other sectors (e.g. beef and sheep) participation in such schemes can 

be as high as 52% (DPER, 2019). Farmers vary in how they perceive differing farming outcomes 
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and how they suit their farming goals. To gain insight into the importance of each farming 

outcome to the farmer, they were asked to rate each outcome on a scale of “not at all”, 

“important” to “extremely important”. Table 4.6 displays the most important to least 

important outcomes of farming, based on the mean of each farming outcome. 

 

Table 4. 6  Distribution of Farmers by Their Response to How Important Each of the Below 
Outcomes is to Their Farming Operation 

Outcomes Not at all 
Important 

Important Extremely 
Important 

Mean 
 

 Code= 0 Code= 1 Code= 2  
Efficient running of farm operations 6 (1.2%) 177 (36.7%) 299 (62%) 1.61 
A good farm work and life balance 8 (1.7%) 211 (43.8%) 263 (54.6%) 1.53 
Adopting new technologies to improve farm 
profitability 

10 (2.1%) 238 (49.4%) 234 (48.5%) 1.46 

Improved environmental impact on your 
farm 

9 (1.9%) 284 (58.9%) 189 (39.2%) 1.37 

Farm succession for the next generations 66 (13.7%) 201 (41.7%) 215 (44.6%) 1.31 

 

Farmers in this study stated that operating the farm efficiently was the most important 

outcome to their farming operation. This was followed by a good work/life balance, with farm 

succession being the least important outcome of the five offered. Despite the predominately 

positive attitude farmers displayed towards the reduction of agricultural emissions, 

improvement of the environmental impact on their own farms ranked only fourth of the five 

outcomes. Interestingly, adoption of new technology to improve profitability was the third-

ranked option. This suggests perhaps predictably that farmers were far from averse to the 

adoption of new practices which improve farm income.  

 

To analyse the viewpoints of farmers on the adoption of mitigation practices, they were asked 

what their level of willingness of adoption was in relation to eleven different mitigation 

practices, predominantly related to dairy farming. Table 4.7 indicates the farmer responses 

and displays the success level among those already having adopted the differing practices. 

The farmers displayed an optimistic view of the mitigation measure with a majority either 

having already adopted the measure or intending to adopt the measure in the future. Few 
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farmers were completely negative regarding the suggestion of adopting a mitigation practice 

to the extent of never adopting the measure on their farm.  

 

To provide accuracy in comparing each of the eleven mitigation measures, response options 

were assigned codes from 0 for “never will adopt” to 3 for “already adopted”. The mitigation 

measure closest to three could be interpreted as the measure that was successfully adopted 

by the farmer and the measure closest to zero could be interpreted as the least likely measure 

to be adopted. The average mean level of adoption was 2.25 indicating that the likelihood of 

a farmer having adopted or planning to adopt one of the eleven mitigation measures was 

high. Nonetheless, this did not indicate the extent to which the farmer had adopted the 

measure on the farm. People may have different interpretations of what they consider 

adoption of a measure and what they consider the mitigation measure to be. The key question 

here is to get a baseline of farmer intentions regarding adoption of different mitigation 

measures from the Teagasc MACC. 
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Table 4. 7  Distribution of Farmers by Their Reported Levels of Adoption of Emission Reduction 
Measures on Their Farms (n=482) 

Emission Reduction Measures 

(Farm practises) 

Already 

Adopted 

Willing to 

Adopt in the 

next year 

Willing to 

Adopt in the 

next 3-5 years 

Never will 

Adopt Mean 

 Code = 3 Code = 2 Code = 1 Code = 0  

Extend the grazing season at the shoulders of 

the year (on-off grazing, improved drainage) 
394 (81.7%) 49 (10.2%) 30 (6.2%) 9 (1.9%) 2.72 

Adopt a herd health plan 360 (74.7%) 82 (17%) 36 (7.5%) 4 (0.8%) 2.66 

Use a Nutrient Management Plan to reduce 

my fertiliser use on farm through improving 

soil pH by liming ** 

326 (67.6%) 106 (22%) 43 (8.9%) 7 (1.5%) 2.56 

Improve Herd EBI each year ** 356 (73.9%) 51 (10.6%) 48 (10%) 27 (5.6%) 2.53 

Use trailing shoe or dribble bar instead of 

splash-plate when spreading slurry ** 
299 (62%) 94 (19.5%) 76 (15.8%) 13 (2.7%) 2.41 

Drain wet mineral soils (heavy clay/loamy 

soils that have poor drainage ability) 
302 (62.7%) 70 (14.5%) 78 (16.2%) 32 (6.6%) 2.33 

Reduce the crude protein content of my dairy 

ration 
270 (56%) 98 (20.3%) 83 (17.2%) 31 (6.4%) 2.26 

Include Clover in my paddocks 255 (52.8%) 97 (20.1%) 99 (20.5%) 31 (6.4%) 2.20 

Replace CAN and Urea with Protected Urea ** 205 (42.5%) 151 (31.3%) 94 (19.5%) 32 (6.6%) 2.10 

Use Sexed Semen 120 (24.9%) 87 (18%) 192 (39.8%) 83 (17.2%) 1.51 

Use slurry additives* 81 (16.8%) 127 (26.3%) 208 (43.2%) 66 (13.7%) 1.46 

Total 482 (100%) 2968 (56%) 1012 (19.1%) 987 (18.6%) 335 (6.3%) 2.25 

*Slurry additives are products that can be mixed with slurry and manure to reduce emissions during storage.  

** Mitigation measures selected in this study.  

 

Based on the mean of the different mitigation measures it can be seen that extended grazing, 

herd health planning, nutrient management (which includes NUE) and improved herd EBI 
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have a high level of adoption among the dairy farmers. These four mitigation measures can 

be linked to improving farm efficiency and profitability, as extended grazing, animal health 

(herd health plan), nutrient management (NUE) and improved herd EBI (dairy EBI) are all 

below the Agricultural Mitigation MACC x-axis and are on the left side of the graph as can be 

seen in Figure 4.4 (Lanigan, et al., 2018). The measures that are below the x-axis indicate the 

‘cost-beneficial’ measures (see Figure 1.1) and can lead to improved farm profitability and 

farm production efficiency as stated by Lanigan et al., (2018) when describing the MACC 

measures.  

 

Measures that are below the x-axis (i.e. Dairy EBI) are measures that can reduce GHG emission 

and would also save money in the long-term for the farmer adopting the measure. It can be 

noted from Table 4.7 that mitigation measures that were not as well known or that required 

additional cost to implement have a below-average adoption mean, with the exception being 

LESS. The adoption of Protected Urea is the only one of the selected mitigation measures in 

this study that is below the average adoption level of the eleven measures outlined in Table 

4.7. The other three selected measures have been adopted or plan to be adopted by most of 

the farmers in this study.  

Figure 4. 4 Visual Representation of the Lanigan, et al., (2018) Agricultural Mitigation MACC 
Measures Mitigation Potential. 
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4.2.5 Farmer Attitude to and Awareness of the Four Selected Mitigation Measures 
 

The four selected mitigation measures (EBI, NUE, Protected Urea and LESS) have high 

potential in reducing dairy farmers’ GHG emissions, with a combined annual mean of 1.17 Mt 

CO2 -e yr., under the conditions where the mitigation measures were effectively adopted. The 

four mitigation measures were examined individually in the survey, with the first exploring 

the farmers’ adoption of the measure, followed by a set of statements which assessed farmer 

attitudes and practices in relation to each measure. The statements consisted of both 

attitudinal and practice-related issues that would help determine farmer understanding and 

views of the mitigation measure.  

 

4.2.5.1 Economic Breeding Index (EBI) 
 

Farmers were asked if they improved their dairy herd EBI each year and 81% responded yes. 

To investigate further how successfully the farmers had adopted the EBI measure, they were 

presented with a number of statements linked to the practices and their attitudes to the 

measure. The statements also included different practices and attitudes suggesting why some 

farmers might not adopt EBI (see Table 4.8). 

 

Table 4. 8  Distribution of Farmers by Their Response to Statements Regarding Improving Dairy 
Herd EBI on Their Farms (n=482) 

Statements Agree Disagree 

I believe selecting bulls on EBI can breed better cows. (A) 389 (80.9%) 93 (19.1%) 

The majority of my cows are AI bred. (P) 422 (87.5%) 60 (12.5%) 

I use a dairy stock bull on the majority of my cows. (P) 70 (14.6%) 412 (85.4%) 

I use a dairy stock bull on the majority of my heifers. (P) 86 (17.9%) 396 (82.1%) 

I buy in most/all of my replacement heifers. (P) 45 (9.4%) 437 (90.6%) 

I know what the EBI of my herd is. (P) 392 (81.5%) 90 (18.5%) 

I find using AI is more hassle than it’s worth on my farm. (A) 70 (14.6%) 412 (85.4%) 

I find heat detection is too much hassle and time consuming. (A) 94 (19.5%) 388 (80.5%) 

I use alternative breeding tools to breed my cows (crossbreeding, AAA, 

pedigree breeding). (P) 
202 (41.8%) 280 (58.2%) 

(A) Statements related to farmer’s attitude. (P) Statements related to the practice of the measure. 
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Table 4.8 shows that three statements stood out from the rest, with over 80% of farmers 

agreeing with them. These three statements consist of an attitude and two practices that are 

essential to the EBI measure being adopted by the farmers. Farmers believing EBI can breed 

better cows, artificially inseminating (AI) a majority of their cows and actively knowing their 

herd EBI all suggest that the farmers were aware of the steps involved in successfully adopting 

EBI. In contrast, the statements that contradicted the adoption of EBI (using dairy stock bulls 

on a majority of their cows/heifers, finding AI and/or heat detection too much hassle and too 

time-consuming) showed a low percentage of agreement. This shows that approximately 19% 

of farmers did not adopt the EBI. The statement “heat detection is too much hassle” had a 

higher level of agreement compared with the other statements that contradicted the 

successful adoption of EBI. That statement is largely an attitude-based statement, suggesting 

the farmers’ attitude towards the measure is the overriding issue rather than the practices 

involved in the adoption of the EBI measure.  

 

In summary, Table 4.8 offers good insight into farmer attitudes to and their awareness of EBI. 

The table indicates that most of the farmers involved in this survey had a good understanding 

of EBI and showed a positive attitude towards its adoption. The other statements related to 

alternative practices or attitudes to EBI can be linked to farmers who have not (yet) adopted 

it. Nonetheless, while most responses to the statements offered regarding the adoption of 

EBI were associated with successful adoption of the measure, one statement revealed that 

42% of farmers also used alternative breeding tools. Therefore, it is important to understand 

the exclusive extent to which farmers have adopted EBI and how they actually implement 

breeding practices on the farm.  

 
4.2.5.2 Nitrogen Use Efficiency (NUE) 
 

Farmers were asked if they got the most from their Nitrogen fertilizer through improved soil 

pH & indexes by liming and correct fertilizer application. Eighty-nine percent of farmers 

responded YES to this question. To further investigate how successfully the farmers had 

adopted the NUE measure they were presented with a number of statements linked to the 

practices and their attitudes to the measure. The statements also included different practices 

and attitudes relevant to why some farmers might not adopt NUE (see Table 4.9). 
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Table 4. 9  Distribution of Farmers by Their Response to Statements Regarding Effective Nitrogen 
Fertiliser Use (n= 482) 

Statements Agree Disagree 

If I use less nitrogen fertiliser, I won’t grow enough grass on my farm. (A) 289 (60%) 192 (40%) 

I want to continue using CAN fertiliser instead of urea. (A) 158 (32.8%) 324 (67.2%) 

I am confident that I spread the correct amount of N fertiliser on my fields. (P) 424 (88%) 58 (12%) 

I find it difficult to interpret the soil test results for my farm. (P) 93 (19.3%) 389 (80.7%) 

If I spread lime, I might lock up some of the essential minerals present in the 

soil. (A) 
79 (16.4%) 403 (83.6%) 

If I improve my soil pH and indexes, I am confident I can reduce the amount 

of nitrogen fertiliser I use on my farm. (P) 
426 (88.4%) 56 (11.6%) 

I find my fertiliser plan too complicated and difficult to interpret. (P) 106 (22%) 376 (78%) 

I would like to attend a training course in order to better understand my 

fertiliser plan. (A) 
281 (58.3%) 201 (41.7%) 

(A) Statements related to the farmer’s attitude. (P) Statements related to the practice of the measure. 

 

The responses were similar to the previous category (EBI) and showed that 89% of farmers 

answered yes in relation to effective N fertiliser use through soil improvement, lime 

application and correct fertiliser application timing, while also using alternative straight N 

fertilisers such as urea/protected urea instead of CAN.3 The statements in Table 4.9 offer 

different attitudes and practices involved in how farmers approach nitrogen fertiliser use and 

application on their farms. The farmer responses indicated they were confident of their 

fertiliser application rates and of their ability to reduce fertiliser requirement in response to 

improved soil fertility, with both statements showing 88% agreement. Additionally, farmers 

showed confidence in spreading lime - without locking up essential minerals - and a sound 

interpretation of their soil tests and fertiliser plans. Almost 60% of the farmers agreed to 

receive training to better understand their fertiliser plans.  

 

 
3 Straight Nitrogen (N) fertiliser is a chemical fertiliser that only supplies one primary nutrient to the plant. Calcium 
Ammonium Nitrate (CAN) contains 27% nitrogen and provides nitrogen to the plant in the form of nitrate (which is 
absorbed by the plant rapidly) and ammonium (which takes longer for the plant to absorb). Urea contains 46% 
nitrogen and provides the plant nitrogen in the form of urea, which is converted into ammonium.  
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A majority of farmers thus displayed a progressive attitude to fertiliser efficiency. 

Nonetheless, farmer intentions to reduce fertiliser use and the actual level of farmers doing 

so may vary, as 60% of the farmers raised the concern that if they used less nitrogen fertiliser, 

grass growth on their farms might be deficient. There was still circa one third of farmers 

continuing to use CAN instead of Urea when spreading straight N fertiliser. Nevertheless, the 

farmers overall showed they had a good grasp and positive outlook when it came to effecting 

nitrogen-use efficiency on their farms.  

 

4.2.5.3 Protected Urea 
 

Farmers were asked if they use Protected Urea. Forty-nine percent of farmers responded yes 

to this question. To investigate further how successfully the farmers had adopted Protected 

Urea, they were presented with a number of statements linked to the relevant practices and 

their attitudes to the measure. The statements also included different practices and attitudes 

relating to why some farmers might not adopt Protected Urea (see Table 4.10). 

 

Table 4. 10  Distribution of Farmers by Their Response to Statements Regarding Using Protected 
Urea on Their Farms (n=482) 

Statements Agree Disagree 

I believe protected urea is as effective as regular urea. (A) 350 (72.6%) 132 (27.4%) 

I don’t believe protected urea is as effective as CAN. (A) 177 (36.7%) 305 (63.3%) 

I believe that protected urea isn’t worth the extra cost compared to regular 

urea. (A) 
202 (41.9%) 280 (58.1%) 

I believe there is not enough information about protected urea available to 

farmers. (A) 
402 (83.4%) 80 (16.6%) 

Handling protected urea requires extra health and safety measures. (P) 174 (36.1%) 308 (63.9%) 

My local Co-op/Agri Merchants doesn’t have protected urea in stock and it 

takes too long to order it in. (P) 
146 (30.3%) 336 (69.7%) 

I am concerned that it has a shorter shelf life than other N fertilisers. (P) 254 (52.7%) 228 (47.3%) 

I use CAN and/or regular urea because I know it works on my farm and I don’t 

see any point in changing. (A) 
190 (39.4%) 292 (60.6%) 

Urea fertilisers don’t work well on my farm. (P) 136 (28.2%) 346 (71.8%) 

I use more compound fertiliser than straight N fertilisers. (P) 271 (56.2%) 211 (43.8%) 

(A) Statements relating to a farmer’s attitude. (P) Statements relating to the practice of the measure. 
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The section of the survey relating to protected urea differs markedly from the previous 

sections in terms of responses. Results revealed an almost 50/50 split between those using 

protected urea and those not using it. Those farmers not using protected urea held a slight 

majority at 52%. To investigate further as to why farmers responded the way they did, several 

attitudinal and practice-based questions outlining farmer perceptions of protected urea were 

offered. Firstly, the farmers reported that they found protected urea was as effective as urea. 

Approximately 73% agreed with this statement. 63% found protected urea was as effective 

as CAN.  

 

Additionally, a majority stated that urea fertiliser also worked well on their farms. Farmers 

also stated that their local Co-op / Agri merchant held stocks of protected urea. Further 

analysis indicated that approximately 70% of farmers had such access to a type of protected 

urea fertiliser. Moreover, 58% of farmers found protected urea was worth the extra cost 

versus regular urea. Farmers did not find protected urea required extra handling. 

Nonetheless, while the farmers appeared to have a good understanding of protected urea 

and believed it to be as effective as CAN and urea, a majority of them strongly advocated that 

more information about protected urea should be available to them. This was evident in their 

concern over the short shelf life of the fertiliser. Even though protected urea has a shorter 

shelf life, the product will still remain usable. When the protective layer breaks down, the 

fertiliser transforms to regular urea fertiliser, making it just as effective as other N fertilisers. 

 

Overall, the participants appeared to be mostly positive towards the use of protected urea 

and had a good insight into the practices involved in its application. Nonetheless, there was 

still an evident need to better inform the farmer about the product in order to clarify any 

misunderstandings associated. In addition, approximately 56% of farmers reported using 

more compound fertilisers than straight N fertilisers. As development of protected urea 

continues, the need to design protected urea as a compound fertiliser may lead to additional 

uptake of the product, assuming further information is more readily available to the farmers.  
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4.2.5.4 Low Emission Slurry Spreading (LESS) 
 

Farmers were asked if they used Low Emission Slurry Spreading and 70% responded yes to 

this question. To investigate further how successfully the farmers had adopted the LESS 

measure they were presented with a number of statements linked to the practices and to 

their attitudes to the measure. The statements also included different practices and attitudes 

relevant to why some farmers might not adopt LESS (see Table 4.11). 

 

Table 4. 11  Distribution of Farmers by Their Response to Statements Regarding Using LESS on 
Their Farms (n=482) 

Statements Agree Disagree 

I feel the cost of purchasing LESS equipment is too expensive. (A) 382 (79.3%) 100 (20.7%) 

I would have to upgrade my tractor if I had LESS equipment. (P) 242 (50.2%) 240 (49.8%) 

The contractor I use has LESS equipment. (P) 344 (71.4%) 138 (28.6%) 

The contractor I use would charge extra for spreading slurry with LESS 

equipment. (P) 
373 (77.4%) 109 (22.6%) 

The pipes on LESS equipment are too small and would be constantly getting 

blocked. (P) 
160 (33.1%) 322 (66.8%) 

Spreading slurry with LESS equipment leaves crusts on the land which could 

reduce silage quality. (A) 
180 (37.3%) 302 (62.7%) 

My land is too heavy to carry LESS equipment, especially in wet conditions. (P) 164 (34%) 318 (66%) 

My fields are not suitable for LESS equipment (field too wet or hilly/uneven). (P) 121 (25.1%) 361 (74.9%) 

(A) Statements related to the farmer’s attitude. (P) Statements related to the practice of the measure. 

 

LESS is one of the mitigation measures that is not as cost-effective as the other measures 

selected. To apply the measure on the farm, the farmer either has to upgrade farm 

equipment, buy the low emission slurry tanker/attachment or increase spending in order to 

spread slurry with the LESS. As mentioned before, the LESS mitigation measure has 

considerable potential to reduce both nitrous oxide and ammonia emissions.  

 

Overall, farmers felt that the LESS equipment was overly expensive and that with it, 

contractors added an additional charge to spread their slurry. Additionally, half the farmers 
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stated it would be necessary to upgrade their tractors if they utilised LESS equipment. A 

majority of the farmers reported that their use of LESS was linked to the fact that 71% of their 

contractors had LESS equipment and therefore farmers did not have to purchase the LESS 

equipment themselves. Nevertheless, the statements did not gauge the extent to which 

farmers exclusively spread their slurry using LESS equipment.  

 

In some cases, LESS equipment can weigh more than conventional slurry-spreading gear so 

the farmers were asked if their land was suitable in that light. A majority reported that their 

land was suitable for LESS equipment but approximately one quarter stated that their land 

was not, as their fields were too heavy or uneven. Furthermore, just as physical aspects may 

prevent farmers using LESS, concerns over the impact of the equipment itself showed similar 

results. Around one third of the farmers reported that they were concerned that the slurry 

crusts left on the ground affected silage quality. Another concern was that the pipes were too 

small and often got blocked. Despite farmers reporting these operational difficulties, a 

majority did not indicate that they were averse to using LESS equipment.  

 

In summary, the farmers surveyed displayed good awareness of all aspects involved in the 

use of LESS equipment. Still, the farmers did perceive the equipment to be expensive and they 

highlighted that there would be an additional cost required in upgrading tractors. Hiring 

contractors also required extra expenditure. These factors influenced farmer attitudes to the 

mitigation measure. On the other hand, a majority had favourable land conditions for LESS 

equipment and did not find it affected silage quality. As a large majority of their contractors 

use LESS equipment, it is probably advisable for those who find the extra equipment and 

tractor costs unfeasible to employ the services of contractors where possible. As with the 

other mitigation measures covered above, there appears to be something of a gap in the 

research as to the full extent to which the farmers use LESS to spread their slurry.  

 

In conclusion, overall farmer awareness of and attitudes to each of the four-mitigation 

measures in this study were predominantly positive. A significant number of the farmers 

understood the practices involved in the operations of the mitigation measures, with most 

having an optimistic view of each of the four. The extent to which farmers had actually taken 

up the measures remains an interesting aspect to investigate in future studies, as there 
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appears to be significant room for improvement in the rate of adoption by the farmers 

surveyed. It is only when this adoption rate increases steeply that the full potential of the 

mitigation measures will be realised in the reduction of GHG emissions. 

 

4.2.6 Factors influencing Adoption of the four selected Mitigation Measures 
 

Once farmer understanding of and attitudes to the four measures were determined, and it 

was seen that the farmers had at least a basic awareness of the measures, further analysis 

was carried out. To gain further insight, four independent variables were identified. These 

were selected as potential areas that could explain differences in the adoption of the selected 

measures. The study examined “Region” and “Farm Size” to investigate if these influenced 

the adoption of the mitigation measures. “Age” and “Farmer Education” were also included 

to see if personal characteristics also had a bearing on farmer decision-making.  

 

In addressing farmer education, the study selected farmers with a Green Certificate as the 

standard. To earn a Green Certificate, one must study several aspects of agriculture while also 

learning good farming practices required to operate a farming enterprise efficiently and 

effectively. The four variables were examined against the backdrop of the four selected 

mitigation measures. Analysis showed that their adoption by farmers was in many cases not 

statistically significant in relation to the four independent variables (see Appendix 5). 

Nonetheless, three relationships examined showed significant associations for two of the 

selected mitigation measures. There was a significant association (Chi sq test = 0.017) 

between farmer use/adoption of EBI and farmers holding a Green Certificate (see Table 4.12). 

A similar result was found for the LESS measure in relation to the age of the farmer and the 

farm size, with both showing a significant difference. Farmers aged between 35 – 64 had a 

higher level of adoption. Furthermore, as farm size increased, so did the likelihood of LESS 

being adopted by the farmer (see Tables 4.13 & 4.14).  
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Table 4. 12  Relationship Between Farmer Adoption of EBI and Farmers Holding a Green Certificate 
(n=482) 

 Farmers Holding a Green Certificate  

Adoption of EBI Yes No Total 

Yes 319 (83.3%) 72 (72.7%) 391 (81.1%) 

No 64 (16.7%) 27 (27.3%) 91 (18.9%) 

Total 383 (100%) 99 (100%) 482 (100%) 

Chi2= 5.731; Degrees of freedom= 1; Cramer’s V = 0.109 and P-value = 0.017  

 

Table 4. 13  Relationship Between Farmer Use of LESS and Farmer Age (n=482) 

 Farmer Age  

Use of LESS < 35 35 – 44 45 - 54 55 – 64 >= 65 Total 

Yes 16 (57.1%) 67 (79.8%) 128 (73.1%) 110 (67.5%) 17 (53.1%) 338 (70.1%) 

No 12 (42.9%) 17 (20.2%) 47 (26.9%) 53 (32.5%) 15 (46.9%) 144 (29.9%) 

Total 28 (100%) 84 (100%) 175 (100%) 163 (100%) 32 (100%) 482 (100%) 

Chi2= 11.694; Degrees of freedom= 4; Cramer’s V = 0.156 and P-value = 0.020 

 

Table 4. 14  Relationship Between Farmer Use of LESS and Farmers’ Total Land Area (Ha) (n=482) 

 Farm Size (Ha)  

Use of LESS < 30 30 – 49 50 - 99 >= 100 Total 

Yes 36 (61%) 85 (63.4%) 155 (72.8%) 62 (81.6%) 338 (70.1%) 

No 23 (39%) 49 (36.6%) 58 (27.2%) 14 (18.4%) 144 (29.9%) 

Total 59 (100%) 134 (100%) 213 (100%) 76 (100%) 482 (100%) 

Chi2=10.671; Degrees of freedom=3; Cramer’s V = 0.149 and P-value = 0.014 

 

The cross-tabulations of the statements linked to each of the four mitigation measures were 

also analysed and showed comparable findings, insofar as there was a significant difference, 

but the strength of the relationships between the four independent variables (region, age, 

farm size and farmer education) and dependent variables (statements) was weak. A majority 

of the tests showed no significant difference. The result of the analysis suggests there is next 

to no link between farmer / farm characteristics and the adoption of the four selected 

mitigation measures (EBI, NUE, Protected Urea, LESS). 

 



 61 

As stated above, the analysis of the four independent variables against the selected mitigation 

measures showed limited associations. Consequently, the study turned its focus to analysing 

farmer responses to the adoption of each mitigation measure and their reaction to the 

statements linked to those measures. Cross-tabulation thus looked at farmer adoption of 

each measure and agreement with the statements. For analysis purposes, the group of 

farmers that answered “Yes” to the adoption of the mitigation measure were called “farmer 

group (A)” and the farmers that answered “No” were called “farmer group (B)”.  

 

4.2.6.1 EBI 
 

The EBI question offered was, 

 “Do you use EBI each year to improve your dairy herd?” 

• 391 Farmers answered “Yes” 

• 91 Farmers answered “No” 

 

The findings from the cross-tabulation analysis indicated that farmer group (A) showed a 

strong grasp of the successful adoption of the EBI measure, with an average of 90% answering 

correctly on the statements linked to successful adoption as indicated in Table 4.8. The last 

statement in Table 4.8 showed a slight difference, with 39% of group (A) agreeing and 61% 

disagreeing with using alternative breeding tools on their cows. Even though a majority of 

farmer group (A) disagreed with the breeding tools statement, one may still wonder if farmers 

use alternative breeding tools for other purposes (e.g. beef production) that may be linked to 

any dairy farming operation.  

 

The examination of farmer group (B) saw some interesting findings on the farmer response 

of not adopting EBI. Farmer group (B) reported that over 60% of their cows were AI bred; that 

they did not use a dairy stock bull on their cows or heifers; and that they did not deem the 

practice to be difficult to use (re AI) or time-consuming (re heat detection). Nonetheless, a 

majority did not acknowledge that EBI bred better cows and did not know their herd EBI. The 

findings indicated that a majority of farmer group (B) actively used AI to breed their cows but 

did not trust EBI to assist them in selecting the type of bull to use. Furthermore, 75% of farmer 
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group (B) did not buy in all or most of their replacement heifers, indicating that this group 

bred their own replacements. Farmer group (B) displayed distrust in the Economic Breeding 

Index (EBI) itself, more so than in the practices involved in effectively using EBI. Interestingly, 

there remained approximately one third of farmer group (B) that did not use AI on their cows 

but instead employed dairy stock bulls, as they claimed to find AI and heat detection too 

bothersome and time-consuming. 

 

In summary, farmer group (A) reported having adopted EBI practices and showed a positive 

attitude to the adoption of EBI. Two-fifths of the farmers in farmer group (A) stated that they 

used alternative breeding tools as well. This deviation may be attributed to the farmers’ 

personal preferences on what they wanted from their herd. Farmer group (B), on the other 

hand, reported having adopted many of the practices seen in farmer group (A) yet the 

majority displayed a negative view of EBI itself but not the practices involved in it. Most of 

group (B) did not trust or did not want to use the economic breeding index (EBI). It either did 

not suit their own breeding policy or they sought a specific type of cow for their herd and 

believed alternative breeding tools offered better results than EBI.  

 

Additionally, one third of farmer group (B) believed that using stock bulls on their cows and 

heifers was easier, more beneficial and less time-consuming than EBI and AI. It appeared that 

the concerns of farmers who had not adopted EBI were rooted in their perceptions of EBI 

rather than in the specific practices involved in using it. Additionally, it was evident that it was 

some farmers retained a preference for using stock bulls in place of AI. 

 

4.2.6.2 NUE 
 

The NUE question offered was,  

“Do you feel you get the most out of your Nitrogen fertiliser use through improving soil pH & 

indexes, liming, correct application timing and/or using Urea/Protected urea instead of CAN 

fertiliser?” 

• 427 Farmers answered “Yes” 

• 55 Farmers answered “No” 
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A majority of farmers answered yes to the above question and felt they got the most out of 

their NUE. Analysis of how the farmers responded to the statements indicated if they had 

adopted NUE successfully and also highlighted possible problem areas with the adoption of 

the mitigation measure. Interestingly, both farmer groups (A) and (B) strongly agreed with 

the statements that indicated their confidence in spreading the correct amount of nitrogen 

(N) fertiliser in their fields and their confidence in reducing the amount of N fertiliser in 

accordance with improved soil pH and indexes. Still, around 60% of both groups reported 

having a fear of growing less grass on their farms if they used less N fertiliser.  

 

There was a divergence in the groups in relation to soil tests and fertiliser plans, with farmer 

group (A) showing a higher level of understanding in interpreting their soil tests and fertiliser 

plans. Significantly, two-fifths of farmers in group (B) had difficulty understanding their tests 

and plan. Based on this it is reasonable to assume that 75% of group (B) may be willing to 

attend a training course to better understand their fertiliser plan and interpret their soil tests. 

Even though farmer group (B) showed positive signs of willingness to expand their knowledge 

regarding their fertiliser plan, there still remained 53% who wished to continue using CAN 

instead of urea when spreading straight N fertiliser. Furthermore, one quarter of group (B) 

expressed a fear of locking up essential minerals by spreading lime. Not having full confidence 

to spread lime can affect farmer ability to improve soil pH, resulting in poor nitrogen-use 

efficiency as the nitrogen fertiliser is not fully utilised, particularly in poorer soil types. 

Encouraging farmer group (B) to use urea instead of CAN will help improve the farmers’ 

nitrogen efficiency, once correctly applied, and in turn help reduce GHG emissions.  

 

Even though there was a small percentage of farmers who answered no to the NUE question, 

they indicated possible limitations to the adoption of NUE. This highlighted the need for 

improved understanding of fertiliser plans and better interpretation of soils tests. 

Nonetheless a majority of the limitations that farmers identified in adopting NUE were more 

opinion-based than derived from the actual practices involved in implementing the measure. 

The effective uptake of the mitigation measure involves the farmers’ ability to grasp the 

various aspects of their soil tests and fertiliser plan and then make an informed decision on 

which fertiliser types will be most useful. Therefore, it is imperative to dispel any 
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misinformation that can only add to farmer fears. This can only be achieved through clear, 

accurate, and concise messaging. 

 

After the examination of both groups, it was evident that farmer group (A) had fewer issues 

in understanding their soil tests and fertiliser plans and displayed a higher level of confidence 

in spreading lime. Despite the fact that farmer group (A) appeared to have adopted the 

mitigation measure more effectively, in terms of their confidence in utilising their nitrogen 

fertiliser, there was still room for improvement by using urea instead of CAN fertiliser. As over 

80% of group (A) understood their fertiliser plan, it is encouraging that there was still over 

half of this cohort who were willing to attend a training course to educate themselves further 

on the topic.  

 

On the other hand, farmer group (B) stated they did not get the most out of their NUE and 

showed a poorer understanding of their fertiliser plan and soil tests. It could be seen that 

farmer group (B) needed to acquire a more in-depth understanding thereof if the uptake of 

the mitigation measure was to improve. Moreover, any increase in farmer group (B) 

replacement of CAN by urea, when conditions are suitable, will further aid their NUE.  

 

4.2.6.3 Protected Urea 
 

The protected urea question put forward was,  

“Do you use Protected Urea (treated/coated Urea)?” 

• 234 Farmers answered “Yes” 

• 248 Farmers answered “No” 

 

The adoption of protected urea differs from the other mitigation measures insofar as just 

under half of the farmers reported using protected urea. The analysis of the responses of the 

two groups to the protected urea questions offered a better understanding of whether 

farmers had adopted the measure or not. Farmer group (A) showed a positive attitude 

towards the adoption of the fertiliser, with a strong majority giving positive answers to the 

uptake of the mitigation measure question. On average, 80% of farmer group (A) stated that 
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they found protected urea an effective fertiliser when compared with CAN and urea and they 

believed that protected urea was worth the extra cost when compared with urea. 

Furthermore, a vast majority of farmer group (A) had access to the fertiliser through their 

agricultural merchants.  

 

An area of concern for approximately 50% of group (A) was the short shelf life of the fertiliser. 

Nevertheless, they did not believe the product required extra handling in comparison with 

other fertiliser types. Regarding the issue of the short shelf life of protected urea, this can be 

remedied as the product is predominantly a urea fertiliser but one coated with a urease 

inhibitor. This implies that if the fertiliser goes past its recommended usage date it can be still 

used as simple urea fertiliser. Farmer group (A) had a positive attitude to selecting protected 

urea and many had adopted the fertiliser correctly, but they did flag the need for more 

information about the product to be made available to farmers (74% perceived current 

information to be deficient). A limitation to the adoption of protected urea may be connected 

with the statement by 47% of farmer group (A) that they used more compound fertiliser than 

straight fertiliser on their farms.  

 

Farmer group (B) had a more reserved approach to protected urea, with 50% stating that they 

found protected urea not to be as effective as CAN, while 58% said that it was as effective as 

urea. More importantly they added that they did not accept the merit of the extra cost of 

protective urea over urea. This theme was echoed by the 60%+ of farmer group (B) who stated 

that they did not see a reason for change when CAN / Urea already worked effectively on 

their farms. Group (B) were in full agreement with their peers in farmer group (A) when they 

stated that there was not enough information available to farmers about protected urea. 

Farmer group (B) also shared concerns over the short shelf life of the fertiliser.  

 

While a majority of farmer group (B) said they had access to protected urea via their 

agricultural merchants and believed the fertiliser did not require extra handling, it was 

evident that they did not trust protected urea over CAN or urea and either deemed it to be 

too expensive or not as effective. Further limitations to the adoption of the measure may be 

linked to the statistic that 65% of farmer group (B) used more compound fertiliser than 

straight N fertilisers on their farms.  
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The analysis of the responses to the survey questions strongly suggested that farmers that 

had adopted the measure had done so successfully, both practically and attitudinally. Still, 

these farmers raised concerns over the lack of information available to the farmer about 

protected urea and they expressed concerns over the shelf life of the fertiliser. These two 

issues can be linked, and one can be used to negate the other. If clear, accurate and concise 

messaging is readily available to farmers regarding protected urea, then they will be more 

informed and their concerns will have been better answered and therefore diminished.  

 

In the main, farmer group (A) displayed positive indications of effective adoption of the 

measure. The only significant complication was that almost 50% of the farmers used more 

compound fertiliser than straight N fertiliser. This was further highlighted by farmer group (B) 

which more often preferred to use more compound fertiliser than N fertiliser, when 

compared with group (A). Farmer group (B) on the other hand had a more negative outlook 

to the adoption of the mitigation measure. The farmers that had not used the alternative 

fertiliser did not perceive its value and displayed distrust about using it, so their preference 

was to continue using CAN and/or urea. Additionally, 92% of farmer group (B) found that 

there was not enough information about protected urea. This may go to explain their 

reluctance to adopt the fertiliser. In summary, there is a need to equip farmers with more 

information that will allay their fears, address their concern, and allow them to make more 

informed decisions regarding protected urea.  

 

4.2.6.4 LESS 
 

The LESS question asked was: 

“Do you use Low Emission Slurry Spreading (trailing shoe or dribble bar) on your farm?” 

• 338 Farmers answered “Yes” 

• 144 Farmers answered “No” 

 

Analysis of this mitigation measure differed from the previous measures because the LESS 

measure carries a considerable cost implication in its adoption. The cost is an important 

barrier or limitation. This was evident in both farmer groups strongly agreeing with the 
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statement that purchasing LESS equipment was too expensive. Furthermore, the need to 

upgrade their tractors further added to potential expenditure. This posed a real concern 

among those surveyed, with 50% of farmer group (A) and 57% of group (B) stating that an 

upgrade would be required if they were to purchase the LESS equipment.  

 

A noticeable difference between the groups was that farmer group (A) saw a higher 

percentage having access to contractors who had the LESS equipment. Farmer group (B) 

reported just under half of contractors they used as having it. The barriers imposed by cost 

options were a real concern, particularly in farmer group (B), and therefore will no doubt have 

an impact on the future adoption of the measure. In addition to the cost, there existed a more 

reserved, almost sceptical attitude to the measure in group (B), compounding the reluctance 

to adopt it. This was evident from most of group (B) reporting that the pipes were too small, 

got blocked constantly and could reduce silage quality by leaving crusts in the fields. 

Additionally, over half of group (B) reported having lands too heavy to carry LESS equipment 

while 45% stated that their land was unsuitable (uneven/hilly/too wet). The landscape 

drawbacks are of course harder to resolve but only half of group (B) were affected by these 

issues. The remainder either found the measure too expensive to implement or their prior 

scepticism limited their involvement in the uptake of mitigation measure.  

 

Farmer group (A) faced similar expenses in adopting LESS but revealed a more progressive 

view of the measure. They stated that they found the LESS equipment did not adversely affect 

silage quality and they did not raise any issue with the blocking of pipes. It must be 

acknowledged at the same time, that farmer group (A) enjoyed more favourable land 

conditions, with only a small number of its farmers being affected by heavy soils or hilly fields.  

 

In summary, the two farmer groups expressed concerns over the cost implication of 

implementing the measure. This was a valid concern, as a sizeable expenditure is required to 

pursue it. Nonetheless, the measure shows great emission mitigation potential while also 

maximising the fertiliser potential of the slurry being spread.  

 

Expenditure aside, the more reserved view held by farmer group (B) in relation to the measure 

almost certainly had an impact on their adoption of the measure. This was be seen from the 
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lower rate of adoption when compared with farmer group (A). To improve uptake, the first 

issue that needs to be addressed is farmer willingness to adopt it. Finally, the imbalance 

between access to contractors (using LESS equipment) by farmer group (A) and farmer group 

(B) also proves problematic. Ultimately, farmers must be facilitated in accessing the right 

equipment via all possible channels. 

 

4.2.7 Summary of the Irish Dairy Farmer Survey 
 

The examination of the four mitigation measures identified probable limitations to the 

adoption of the measures among the dairy farmers. Analysis showed that three of the 

measures had a high proportion of farmers stating that they had used/adopted the measure. 

Protected urea was the outlier here with an almost 50 / 50 split between farmers having 

adopted or not adopted the measure. The examination of the farmers who had reported that 

they had adopted the mitigation measures showed that in most cases they had a positive 

perception of it and had effectively adopted the practices associated with the measure. 

Analysis of the farmers who reported they had not adopted the measures highlighted areas 

for improvement. One such area is farmer perception and attitudes to the measures 

themselves. This factor influences whether the farmer adopts the measure or not, with 

farmers with negative or reserved views showing a higher likelihood of not adopting the 

measure. Furthermore, I saw that farmers information / knowledge about the mitigation 

measures also influenced adoption rates. This was be seen in the lower rates of adoption 

among farmers with a reduced level of understanding of the measure in question. This 

influence was mostly evident in relation to the adoption of NUE and protected urea. The LESS 

mitigation measure showed similar issues with farmer perceptions of the measure, but the 

prohibitive cost of the LESS equipment was highlighted by farmers who had adopted and not 

adopted the measure.  
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4.3 Stakeholders’ Workshop  
 

The purpose of the workshop, which was held on 14th April 2021, was to have participants 

reflect on the Irish Dairy Farmer Survey findings and identify ways to increase the adoption of 

the selected mitigation measures. The workshop comprised of 15 participants (as well as the 

researcher supported by his three study supervisors, who acted as co-facilitators). They came 

from a cross-section of the dairy industry, with a role in GHG mitigation on Irish dairy farms. 

The participants included staff and representatives from the Department of Agriculture, 

Forestry and the Marine (DAFM); Bord Bia; Teagasc and private agricultural consultants; 

farmers; and Irish animal genetics companies. The summary report the participants received 

prior to the workshop included results from the preliminary analysis of the four mitigation 

measures mentioned in the previous section (see Appendix 2). The duration of the workshop 

was 90 minutes divided as follows: 20 minutes of introduction and greeting; four 15-minute 

slots on each measure; and 10-minutes of a conclusion. Each 15-minute slot was further 

broken down into a 3-minute presentation containing the report results for each measure 

and a 12-minute discussion involving the stakeholders. Near the conclusion of each 

discussion, all participants were asked for their recommendations as to how to improve dairy 

farmer adoption of each measure.  

 

4.3.1 Results of the Workshop 
 

Once the survey was completed and analysed, the workshop was designed and constructed 

with the objective of getting key dairy industry stakeholders and farmers to review the results 

of the survey and recommend ways to improve the adoption of the four measures. The 

workshop ensured reliable and valid qualitative data and fulfilled participant expectations of 

achieving information related to their interests (Ørngreen and Levinsen, 2017). The study was 

designed to gather information and recommendations that engaged the varying roles and 

opinions that exist in the sector. Furthermore, it was important that any recommendations 

would be thrashed out before being issued for the purpose of improving farmer adoption of 

the GHG emissions mitigation measures.  
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It should be noted that the workshop participants recognised that the survey did not focus on 

the extent to which the farmers had already adopted the measure but instead examined 

farmer attitudes to and understanding of the adoption of the four mitigation measures. 

Participants did note that the farmers involved in the survey were younger and had larger 

farm size (acres) than the Irish national average for dairy farms. One participant suggested 

the possibility that the farmers who participated in the survey could be representative of the 

top quartile of farmers in Ireland. This suggestion arose from the probability that farmers who 

embraced newer technology on their farms were more likely to respond to the survey. All 

workshop participants took this as a positive indicator, as they believed that intensive farmers 

would be the ideal target group when addressing greater adoption of GHG emissions 

mitigation measures. All participants acknowledged receipt of the information in the 

summary report (see Appendix 2) and understood the purpose of the workshop.  

 

4.3.2 Discussion on the Economic Breeding Index 
 

This section summarises the discussion and the issues raised regarding EBI at the Workshop.  

 

4.3.2.1 Responses to EBI Survey Results  
 

Comments and issues raised by the workshop participants in relation to the EBI findings from 

the farmer survey included: 

• The need for the measure to be clear in explaining that increasing animal efficiency 

results in fewer cows producing the same volume of milk. 

• The importance of addressing the issues of farmer difficulties with AI and heat 

detection as they negatively affect the adoption of EBI genetics.  

 

An additional consideration raised was: 

• That the mitigation measure is “incredibly important for several reasons”, one being 

“the relevance of the measure in getting more sustainable herd sizes so as to not go 

back to quotas to try reducing greenhouse gas emissions”. “Furthermore, the point of 
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the EBI adoption having a quota potential may have a rebound effect with increased 

cow numbers which could increase absolute emissions.”  

 

4.3.2.2 Recommendations to Improve Adoption of EBI Among Dairy Farmers 
 

Once participants had commented on the measure and the results from the survey, they were 

then asked their opinions on improving adoption of EBI among dairy farmers. The 

recommendations varied in ways that could be implemented in the short or long terms and 

included:  

• The need for all organisations to work together in developing a clear message about 

the benefits of adopting the measure. One example of such messaging was the 

untapped potential of explaining the merits of EBI, particularly to more reluctant 

farmers, with the focus on better informing them about why some genetic traits might 

not come across in the progeny.  

• The need to support discussion groups and peer-to-peer learning involving farmers 

sharing their positive experiences from adopting the measure. One recommendation 

mentioned was the effectiveness of peer-to-peer discussion groups (with the inclusion 

of experts in EBI and breeding practices) in terms of encouraging the adoption of EBI, 

particularly with herds that may be less likely to see adoption.  

• The group stated that there was a need to change the language used and the current 

mindset regarding EBI advice when selecting bulls. This was deemed to be a long-term 

objective.  

• In order to maximise the environmental benefits of the EBI measure, a need for more 

long-term planning and advice was highlighted.  

• To improve the dairy herd performance, the EBI advice should focus on the farmer’s 

current dairy herd situation and his or her dairy herd plan for the future (5 to 10 years). 

This suggestion was made in terms of developing a long-term breeding plan and a 

monitoring system to help guide the farmer in achieving the goals of that breeding 

plan. The breeding plan would focus on improving the herd’s performance/efficiency 
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while also looking at its environmental footprint. This would not only aid the farm’s 

performance/profitability but also highlight the longevity of the dairy herd.  

• The range of bulls available for AI appeared to be narrowing and so there needed to 

be a wider selection in terms of quality bulls, both in EBI and sexed semen. A 

representative of a genetics company responded to the comment by stating that they 

are working on widening the bull selection and that more farmers must keep milk 

records to help uncover good genetic potential within Irish dairy herds. Nonetheless, 

a representative of a genomics company outlined that having a narrow selection of 

bulls with high EBI is not necessary a major limiting factor in the adoption of EBI. The 

representative instead stated that there was a need for criteria for stock bull usage, 

as stock bull progeny “on average is €80 behind progeny out of AI”, which is a 

considerable issue affecting the benefits of EBI.  

• The possibility of including milk suppliers in the adoption of EBI was suggested in terms 

of providing incentives / bonuses to the farmers to keep milk records and improve 

herd health. The representative also suggested adding a breeding element to the 

bonuses to reward more sustainable dairy herds.  

• Other incentives suggested by the participants included a possible TAMS grant for 

breeding technology (reducing issues with heat detection) and developing a new agri-

environmental scheme around EBI that could be included in the next CAP.  

 

 4.3.3 Discussion on Nitrogen Use Efficiency 
 

Results indicated that farmers showed a reasonable understanding of NUE but it was 

suggested that there was a possible need for further investigation into how much the farmers 

actually understood NUE. 

 

4.3.3.1 Responses to the NUE Survey Results 
 

The following were the topics generated by the NUE discussion. 
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• Participants cited NUE as an integral measure in meeting the requirements set out in 

the Ag Climatise roadmap. Participants highlighted this point as their experiences 

suggested that lime application levels among dairy farmers were still low, despite the 

fact that advisory services emphasised the importance of lime application for soil 

health.  

• The need to investigate how the message of NUE and liming is being delivered to 

farmers on the ground. It was suggested that NUE advice required simplification as 

the current messaging was possibly over-complicated in relation to NUE adoption and 

use. A participant mentioned that there was a likelihood that KT and farmer training 

could be linked to the next CAP and could address some of the issues surrounding 

farmer understanding of NUE.  

• One participant relayed experience of how there was a limited response by farmers, 

in the actual reduction of nitrogen, even though the farmers indicated an 

understanding of NUE. The participant continued by stating that the limited 

engagement with reducing nitrogen use by farmers could be linked to the statement, 

"Farmers have a fear of not growing enough grass if they use less N fertiliser", and so 

addressing this issue was important.  

 

4.3.3.2 Recommendations to Improve Adoption of NUE Among Dairy Farmers 
 
The following were the recommendations and suggestions that emanated from the discussion 

on NUE. 

• Attention was drawn to the issue of over-complicated messaging that resulted in a 

"lag" period of mass adoption of NUE. It was advocated that there was a need to look 

at the overall picture of farmers’ fertiliser requirements and to offer farmers a 

summary report that focused on simplified messaging. This should be supported by 

visual aids such as colour-coded maps (and advice) related to their fertiliser 

programmes. A participant stated that they had implemented a version of the 

summary report over the past two years, among their derogation farmers, and that 

they had seen a positive response in terms of changing farmer fertiliser use on the 

farms.  
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• It had emerged that there was a willingness by farmers to attend training courses and 

therefore it was seen that there was a necessity to establish demonstration farms. 

These were identified as having a vital role in improving NUE adoption. They were 

deemed to be highly effective as farmers could see the actual effects of the adoption 

of NUE. Additionally, demonstration farms could be constructive in addressing farmer 

fears surrounding grass growth, as again farmers could witness first-hand the results 

of reducing nitrogen fertiliser use. 

• Farmers performing grass measuring would not only allay other farmers’ fears but also 

improve farm grassland management by including organic N and promoting slurry N 

values tests, as that organic N could be included in the farmer fertiliser plan. This 

would reduce the farmers’ nitrogen use as they adjusted their chemical N in response 

to their slurry application.  

• An increased use of precision agriculture to increase NUE by using GPS technology on 

chemical N and slurry spreading and linking it to the farmers’ nutrient management 

plans was suggested as an effective way to increase NUE adoption by reducing 

inadvertent nitrogen losses.  

•  One participant, a farmer, outlined the resistance among merchants towards NUE and 

stated that it had to be addressed in order to improve NUE adoption. The industry 

stakeholders responded to the issue by highlighting a need to collaborate with all dairy 

industry leaders regarding NUE.  

•  Participants agreed on the need for cooperation among stakeholders to agree on and 

deliver unified messaging and advice in encouraging NUE adoption. 
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4.3.4 Discussion on Protected Urea 
 

In relation to the Teagasc MACC, Protected Urea is a key measure as it has high potential to 

reduce greenhouse gas emissions in agriculture and is attractive in its cost-effective 

implementation.  

 

4.3.4.1 Responses to the Survey Results on Protected Urea 
 

The discussion opened with the acknowledgment that protected urea is still a relatively new 

technology in terms of farmer adoption. Positive results emanating from this study showed 

that 70% of agri-merchants stocked protected urea products. Comments and issues regarding 

protected urea were:  

• Participants’ surprise at the 70% figure among agri-merchants – they did not expect 

such a high prevalence. 

• The acknowledgement that the adoption of protected urea is still in its the early 

stages. Participants expressed their hope that it would increase over the coming years.  

• Surprise at survey comments such as "farmers believing that there is not enough 

information available on the product". Some stakeholders expressed their view that 

their organisations were promoting information about protected urea at every 

possible opportunity.  

• Opinions that the product was “rushed” and that there was not universal confidence 

in the research underpinning it.  

• The need for confidence regarding the long-term implications of protected urea use 

on land, especially relating to soil health.  

• The need for specific information on the best practices/timing to spread protected 

urea during the grazing rotations of dairy herds.  

• The biggest issue raised, from an industry perspective, was that there had to be 

emphasis on the adoption of protected urea while at the same time ensuring food 

safety.  
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• It was noted that there was a plan, devised by DAFM, to develop a "one-stop-shop 

providing information on all fertiliser products" that sought to address any 

misinformation and provide clarification for farmers. One initiative proposed by the 

DAFM is that by 2023 urea be banned, and that, by 2030, 65% of straight CAN sales be 

replaced by protected urea.  

• To achieve these targets, the fertiliser industry and the agri-food sector need to work 

together to promote a clear message regarding protected urea use to farmers. 

  

While the research, thus far, around protected urea is excellent and the outcomes are positive 

regarding its use, the industry is still waiting to be assured that the science behind protected 

urea use is "bulletproof". Participants were not surprised with the farmers’ response as to 

why they had not adopted the measure. Nonetheless, they highlighted the need to educate 

the more reluctant farmers on the reasons for and implications of adoption, particularly as 

farmer resistance to the adoption of protected urea (or any measure) would ultimately affect 

emission production levels, which could lead to stricter regulations and penalties. 

 

4.3.4.2 Recommendations to Improve Adoption of Protected Urea Among Dairy 
Farmers 
 

The actions and measures that were advocated from the discussion on protected urea were 

as follows: 

• The benefits of discussion groups and peer-to-peer learning featured prominently. 

The consensus saw it as vital to promote positive messages around the adoption of 

the measure, particularly for protected urea as it is a relatively new technology.  

• Educating farmers on the correct timing / rates, and using demonstration farms, would 

add great weight to the likelihood of farmers adopting the product in the future. A 

participant proposed that for those farmers averse to discussion groups and social 

media, it might be prudent to use farmer testimonials on the adoption of the measure 

through the local press.  
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• Different measures and channels appeal to and impel different people to change, 

therefore there is a necessity for a combination of regulations and incentives to 

achieve the maximum degree of adoption of the measure.  

• Despite the targets set out to improve the adoption of protected urea, there are EU 

regulations which Ireland must comply with and certain fertilisers like urea and 

possibly CAN will be banned. The point is that industry and merchants need to 

collaborate to have a suitable replacement (protected urea) widely available and for 

“everyone to be on the same page" regarding the process from now on.  

• Communication with agri-merchants regarding farmer fertiliser plans is important. 

Outlining the requirements that farmers must meet when devising their fertiliser plan 

and ensuring merchants have the fertiliser (protected urea) available to the farmers 

will improve the adoption of both protected urea and NUE.  

• The importance of role of Co-ops and fertiliser merchants in the adoption of protected 

urea means that if the availability of the product is compromised, the farmer will 

clearly not be able to adopt the fertiliser. In discussing the topic of “everyone being on 

the same page”, one participant outlined the need for a direct link between research 

and advice regarding the measures, thus facilitating agricultural consultants to better 

inform the farmers.  

• There is a need to reassure farmers and “bust the myths” surrounding protected urea. 

This, along with further proof from scientific papers, will help farmers overcome their 

fears, provide confidence and ultimately assist with the adoption of the fertiliser.  

• Recommendations should focus on improving linear take up in the long term (10 

years) and not seek urea / CAN replacement as a short-term initiative. 
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4.3.5 Discussion on Low-Emission Slurry Spreading 
 

LESS is a robust technology in meeting the Ammonia reduction targets that the EU national 

emissions ceiling directive has outlined. The need to achieve these legislative targets is 

essential, as not doing so can potentially damage Ireland's agricultural reputation. Legislation 

has driven uptake by farmers in some areas, mainly due to the concentration of Derogation 

farmers. 

 

4.3.5.1 Responses to LESS Survey Results 
 

The participants identified the results of the study regarding LESS as being extremely positive. 

Unfortunately, there is still a challenge regarding slurry management and consequently 

training in the correct slurry application must continue among farmers. Issues and concerns 

raised during the discussion included: 

• The long waiting time for the TAMS application in using the LESS equipment. Overall, 

the participants’ outlook was optimistic on the use of LESS equipment on their farms. 

However, despite the farmers’ favourable view of LESS, the expected reduction in 

chemical N use is not evident. A DAFM representative found the level of adoption over 

the past five years to be highly positive and pointed out that the TAMS grants had 

contributed to the successful adoption of LESS.  

• It was indicated that there was a need to educate farmers further on the added 

benefits of LESS in terms of nitrogen use and reduced chemical N use in accordance 

with the increased slurry N values.  

• An additional point made was the need to promote the cost-saving benefits in terms 

of chemical N saved versus using a splash-plate.  

• The numerous advantages of using LESS for nitrogen availability and to provide a more 

flexible spreading window were reinforced in the discussion.  

• New regulations being implemented in 2021 mean that incentivisation will become 

defunct, as LESS becomes mandatory for derogation farmers. A level of certainty 

regarding grants and possible grant changes over the next few years needs to be 
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conveyed to farmers. Participants saw farmers as reluctant to apply for grants as there 

was a common belief that incentives might increase in the future.  

• Participants agreed there was an issue with contractor availability to spread slurry 

with LESS. Some contractors cannot avail of grant aid, as they do not qualify under the 

terms of the scheme. This makes the purchase of LESS equipment more costly for 

them.  

• Farmers may find the cost of LESS equipment prohibitive, especially for smaller 

machines, used on uneven/wet land, that are not compatible with larger LESS 

machines. A need was identified for options to allow smaller farmers and contractors 

access to LESS equipment.  

4.3.5.2 Recommendations to Improve Adoption of LESS Among Dairy Farmers 

 

The discussion around improving LESS adoption generally focused on suggestions on how to 

overcome the cost of purchasing equipment, with ensuing recommendations for promoting 

the measure in a positive light. To address issues with contractors/small farmers purchasing 

LESS, it was suggested that: 

• A low-cost loan scheme be designed and offered to incentivise adoption.  

• A possible once-off VAT rebate inducement could be given to counteract the cost of 

LESS equipment for contractors who do not have access to TAMS.  

• Participants also remarked that there were farmers using LESS on marginal land and 

that there was a need to promote the message that LESS works on most land for both 

big and small farms.  

• These messages can be delivered through field demonstrations and KT sessions 

advocating the benefits of LESS use on all farms, again with all industry leaders 

working together, conveying a unified message.  

• The advantages of retro-fitting existing tankers to broaden the adoption of LESS by 

taking advantage of machinery the farmer already owns should be stressed. An 

additional suggestion was the possible development of a scrappage scheme for 

tankers that are too old or cannot be retro-fitted.  
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• The language used in the GHG MACC, in describing the mitigation measure, needs to 

be simplified. Farmers need to receive clear messaging on why they need to adopt 

LESS, both in terms of the benefits to their farms and of reducing agricultural GHG 

emissions.  

• The suggestion of developing a list of emission technologies, (e.g. LESS, protected 

urea, EBI, NUE) that a farmer might choose from "like a menu for the environment", 

with simple instructions on how to improve sustainability and reduce emissions, was 

also made. The simplification of the measures in the MACC in the form of this ‘list’ 

could benefit dairy farmers and the dairy industry in that all stakeholders would be 

“on the same page” in meeting EU/Irish agricultural emission obligations.  

 

Finally, a point which was raised by a farmer near the end of the discussion was that it would 

take time for farmers to adopt these measures but this farmer still expressed optimism that 

mass adoption of these measures would happen among dairy farmers. 

 

4.3.6 Summary of the Workshop Discussions 
 

Overall, the reaction of the workshop participants to the farmer survey results was positive. 

They considered the findings to be relevant to the issue, with some questions nonetheless 

being raised over the actual percentage of farmers that had adopted some of the measures. 

The participants acknowledged that the survey did highlight that many dairy farmers adopted 

each measure but not the extent to which these measures were adopted. It was also noted 

that the farmers in the survey were younger and held larger farms than the national dairy 

farm average. 

 

There was general consensus among participants that there was an ongoing need for all dairy 

industry parties to work together to produce and convey the same unified messaging in an 

effort to change farmer behaviour as “any one organisation, on its own, will not achieve 

change annually”. The workshop participants outlined the importance of discussion groups 

and peer-to-peer learning as powerful advocacy tools. It was highlighted that farmers sharing 

their experiences of the benefits reaped in adopting mitigation measures would have an 
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extremely positive impact on their peers. Demonstration farms or “champion programmes” 

were also advocated as a means of encouraging acceptance of mitigation measures. It was 

stated that demonstrating practices and explaining their benefits in a face-to-face setting 

would promote and encourage adoption and provide the “seeing is believing” influence on 

the farmers. This would also have the additional benefit of allaying farmer fears.  

 

Participants identified a possible “lag” period in farmers adopting a measure, particularly in 

the cases of mitigation measures involving new technology, e.g., protected urea. As 

previously mentioned, a “one size fits all” approach will not suffice when addressing 

mitigation measures in the context of dairy farmers. In order to target all Irish dairy farmers, 

a combination of solutions must be considered, e.g., policy incentives and KT services through 

discussion/demonstration groups.  

 

Finally, the overarching recommendation that emerged from the Workshop was the need for 

collaboration among industry leaders and stakeholders to devise clear and concise messaging 

to reach dairy farmers in an effective manner. This is seen as imperative if the goal of reducing 

GHG emissions on Irish dairy farms is to be achieved with success. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 82 

CHAPTER 5: DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS  

 

5.1 Introduction  
 

Climate change has two types of origin, in natural events (e.g. volcanic eruptions) and in 

human activities (e.g. the burning of fossil fuels). Since the Industrial Revolution there has 

been a dramatic, exponential rise in greenhouse gas (GHG) emissions. The Irish Environmental 

Protection Agency (EPA) has found that agriculture is responsible for 35.4% of all greenhouse 

gas emissions in the Republic of Ireland, making it our largest sectoral contributor, followed 

by transport at 20.4% (EPA, 2021).  

This study explored the limitations and barriers experienced by Irish dairy farmers in the 

adoption of GHG mitigation measures. This was done in reference to measures outlined in 

the Teagasc MACC (2018). The study has paid particular attention to four mitigation measures 

therein, namely Dairy EBI, Nitrogen Use Efficiency, Change of Fertiliser Type and Low-

Emissions Slurry Spreading. The survey information gathered from almost 500 dairy farmers 

is now a resource for policymakers and extension services to guide effective education and 

encourage the adoption of the GHG mitigation measures. The four detailed study objectives 

of this study have been: 

1. To discern farmer understanding and attitudes regarding greenhouse gas mitigation 
measures. 

 
2. To identify and measure farmer awareness of the four mitigation measures selected 

and their attitudes to those measures (Dairy EBI, NUE, LESS, Protected Urea). 
 

3. To identify the limiting factors and any barriers to the adoption of the four mitigation 
measures.  

 
4. To offer recommendations to policymakers and extension services as to how they can 

effectively promote and foster adoption of greenhouse gas mitigation measures by 
Irish dairy farmers. 

 
This final chapter discusses the findings of this study in terms of these study objectives. It 

compares and contrasts the findings with the relevant literature. It draws conclusions from 
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the findings and ultimately makes recommendations for future actions on GHG mitigation on 

dairy farms in the Republic of Ireland. 

 

5.2 Discussion of Study Findings 
 
The discussion of the findings is set out under each of the four detailed objectives of the study. 
 

5.2.1 Objective 1: Understanding of and Attitudes to GHG Mitigation Measures 
 

This study found that 70% of the dairy farmers showed an optimistic and open attitude to the 

importance of the role of agriculture in reducing Irish GHG emissions. Furthermore, 58% 

reported having received advice/training in reducing the same on their farms. This clearly 

indicates farmer awareness of the necessity to reduce agricultural emissions. This in part 

echoes the report carried out Tzemi and Breen (2019) which showed that 53% of Irish farmers 

agreed that anthropogenic GHG emissions contributed to climate change. Nonetheless, their 

report also identified uncertainty and disagreement on the agricultural sector’s contribution 

to climate change. Similarly, Ricart et al., (2019) and Madhuri and Sharma (2020) found that 

farmers internationally were aware of “climate change” but these authors also noted 

uncertainty regarding the human or specifically agricultural contributions to the problem.  

 

One could reasonably assume that there has been an increase in Irish farmer awareness since 

the Tzemi and Breen (2019) report, as that report relied on data from the Teagasc NFS of 

2014. Tzemi and Breen (2019) did at least identify a stronger correlation between dairy 

farming and the adoption of mitigation technology, when compared with other farming 

sectors, and this corroborates the higher rate of attitudinal positivity found in this study.  

 

The extent to which farmers have received advice and education on agri-environmental issues 

is an important factor in assessing farmer understanding of and attitudes to GHG emissions 

and mitigation practices. Studies have found a positive correlation between farmer attitudes 

to GHG emissions and mitigation, and farmers having had agri-environmental 

training/advice/education (Tzemi and Breen, 2019). Ondersteijn et al., (2003) concluded that 

more education could better enable farmers to gain an overall understanding and thereby 

make improved choices in areas such as environmental measures.  
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The nationwide dairy farmers’ survey in this study was conducted in August 2020. Such data 

collection was required to gain new and up to date insights into dairy farmer attitudes to and 

awareness of GHG emissions and mitigation. The positive attitudinal trend was maintained 

when farmers were asked about their willingness to adopt the 11 mitigation measures 

relating to the dairy sector, as outlined in the agricultural abatement MACC (see Table 4.7). 

The mean level of adoption was 2.25 out of a maximum score of three, with zero being the 

lowest score, indicating that the farmers in the study were likely to adopt or already had 

adopted at least one of the 11 mitigation measures.  

 

It is encouraging to see an upward trajectory in positivity towards farmer adoption of 

mitigation measures but this indication does not identify the full extent to which the farmers 

have adopted them. There are no parameters to quantify the scope or clarify the actions 

taken that might give an accurate measure of the scale of the adoption. Even though only 

6.3% of the 482 farmers here reported that they “never will adopt” a measure, Niles et al., 

(2016), in a study of New Zealand farmers, found that showing awareness of climate change 

and stating intentions to adopt mitigation measures did not always lead to farmers actually 

adopting the measures.  

 

Understanding farmer goals and objectives regarding themselves and their farms provides a 

useful aid to tailoring communication and assisting advisory-service advice to encourage 

adoption (Ondersteijn et al., 2003; Cipolla and Zecconi, 2015; de Lauwere et al., 2012). A 

majority of the farmers in the survey said that efficacy on the farm was an extremely 

important aspect of their farming operation (see Table 2), followed by a good work/life 

balance. Adopting new technology to improve farm profitability and improving their 

environmental impact were not as important to them in their farm operations. This is 

supported by Niles, Brown and Dynes (2016), who argued that farmers put their own personal 

farm goals first (cost, efficacy and productivity) when deciding to adopt practices, over 

environmental improvement and climate change issues.  
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5.2.2 Objective 2: Farmer Reaction to the Four Selected Mitigation Measures 
 

The study focuses on four mitigation measures from the Teagasc Agricultural Abatement 

MACC. These are Dairy EBI, Nitrogen Use Efficiency, Change of Fertiliser Type and Low-

Emissions Slurry Spreading. There is a combined annual GHG emission mitigation potential of 

1.17 Mt CO2 -e yr., under conditions where the mitigation measures are effectively adopted. 

To understand farmer perception of the adoption of these measures, the Irish national dairy 

farmers’ survey contained particular questions to assess farmer attitudes and practices in 

relation to each measure. In the main, the farmers from the survey indicated an optimistic 

view of and a good general understanding of each of the four measures, which seems a 

positive indicator for mitigation action uptake.  

 

On the uptake of the four measures, most of the farmers in our survey stated that they had 

adopted three of the measures. Change of Fertiliser Type (adoption of protected urea) was in 

contrast indicated by less than half the respondents. The farmers who reported having 

adopted EBI showed a good understanding of and attitude to the measure after answering 

the statements linked to its adoption. The 19% of farmers who stated they had not adopted 

the EBI measure displayed a more reserved attitude, with some stating that they did not 

believe that the measure bred better cows and/or that they found the practices associated 

with the measure cumbersome and difficult.  

 

Farmer attitudes influencing the adoption of the measure has been put forth elsewhere as 

being a determining factor (Garforth et al., 2004). The stakeholders from the workshop 

mentioned how important it was to address the issues farmers had regarding EBI and to 

highlight the more positive aspects of the measure and this echoed something stressed in 

some previous studies (Haden at al., 2012, Valeeva et al, 2007).  

 

It was the NUE measure that indicated the highest adoption level. It showed 89% of dairy 

farmers surveyed providing a positive response regarding its adoption. Nonetheless, there 

was an inconsistency regarding farmers not displaying a full awareness of the requirements 

involved in fully adopting the NUE measure. The farmers were confident in their ability to 

understand their soil/fertiliser plan and spread the correct amount of fertiliser but were wary 
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of reducing the amount of fertiliser they used. One of the participants from the workshop had 

experienced similar issues with farmers not reducing their nitrogen fertiliser after having 

claimed an understanding of NUE.  

 

Farmers’ choices behind their actions are complex and have many influencing factors 

(Garforth et al., 2006; Moya et al., 2020). Understanding how a measure is being presented 

to the farmer is an area that needs to be investigated further, as mentioned by one of the 

workshop participants in response to the survey results on NUE. Gathering information on 

farmers’ understanding of measures that help reduce GHG emissions in agriculture 

contributes to better tailoring of communication. As already mentioned, Niles, Brown and 

Dynes (2016) showed that farmers’ expressed intentions to adopt do not always result in 

them adopting the measure but the education of farmers is not enough on its own to achieve 

adoption.  

 

The MACC measure Change in fertiliser type (for the purpose of the study, the adoption of 

Protected Urea) is the only mitigation measure out of the four selected to report a roughly 

50/50 split between farmers agreeing / disagreeing with the use of protected urea. A slight 

majority (52%) do not use protected urea on their farms but interestingly, 73% of the 482 

farmers believe protected urea is as effective as regular urea, and 63% of the 482 believe 

protected urea is as effective as CAN. Even with the thus-far low adoption of protected urea, 

a majority of the farmers indicated a positive attitude to the measure and that they 

understood the implications of using the fertiliser on their farms. Still, 83% strongly agreed 

with the proposition that there was not enough information about protected urea available 

to them.  

 

Comments from the stakeholder workshop revealed a positive outlook on the level of farmer 

adoption of the measure while it was collectively conceded that adoption of protected urea 

among farmers was still relatively new as a phenomenon. Allowing time for the farmers to 

experience more of the use of protected urea products should lead to them gaining 

confidence in the products therefore increasing the adoption of the measure (see Gocsik et 

al., 2014; Oreszczyn et al., 2010).  
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The stakeholders were enthusiastic in response to the statistic that a majority of the farmers 

reported that their local Co-op/Agri-merchant stocked protected urea products, as they didn’t 

expect such a high frequency of the fertiliser being readily available to the farmers. 

Stakeholders responding to farmers believing that there was not enough information 

available on the product stated that they believed that their organisations already strongly 

and widely promoted information regarding protected urea. They were intrigued by the 83% 

of farmers in contrast expressing dissatisfaction in the survey. This adds to the international 

need to develop our understanding of farmer perception of mitigation measures so it can 

better enable education and advisory services to adapt to different farmer and farm styles 

and characteristics (see Barnes and Toma, 2012; Cipolla and Zecconi, 2015; de Lauwere et al., 

2012; Ondersteijn et al., 2003; Ricart et al, 2019).  

 

The LESS mitigation measure is one of the more costly practices to adopt, in terms of 

purchasing the LESS equipment. The cost of a climate change practice can obviously curb a 

farmer’s potential to adopt the practice (Niles, Brown and Dynes 2016) and the use of policy 

incentives and supports to adopt costly practices can assist the uptake of mitigation measures 

(Green and Gambhir, 2019; Markkanen and Anger-Kraavi, 2019).  

 

The adoption of the LESS measure among the dairy farmers surveyed was at 70% according 

to the responses. The farmers in the survey showed a comprehensive understanding of all 

aspects involved in the adoption of the LESS measure. Their attitude to the measure in terms 

of the use of the LESS equipment was mostly positive but their attitude changed when it came 

to its cost, with a majority finding the purchase of the equipment too expensive and with half 

the 482 farmers stating they needed to upgrade machinery if they were to use the same gear.  

 

As purchasing the LESS equipment is not feasible in some cases, the use of slurry contractors 

with LESS equipment is common, with 71% of farmers mentioning that their contractors have 

it. A stakeholder observed how there was still a need for farmers to continue to improve slurry 

application and slurry management, but the same contributor found the results from the 

adoption of the LESS measure to be extremely positive overall.  
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The stakeholders found the level of adoption of the LESS measure over the last five years 

encouraging in the context of policy incentives (TAMS applications) that assisted the success 

of the measure in that period. Despite the positive results of the LESS adoption, the 

stakeholders stressed the continuing requirement to link the LESS benefits to farmer nitrogen 

use, in particular a reduction of chemical N in response to slurry being spread using LESS, 

which increases the slurry N value. Furthermore, they highlighted a need to educate farmers 

in the cost savings made from using LESS equipment (v. slash plate) in terms of chemical N 

reductions.  

 
5.2.3 Objective 3: Factors Influencing Adoption of the Four Selected Mitigation 
Measures 
 

To gain further understanding of farmer adoption of the measures, the study has looked at 

the limitations and/or influencing factors farmers may have experienced in their decision-

making around the mitigation measures. Farmer and farm characteristics were assessed as 

possible influencing factors. The study looked at farmer age and education (i.e., if they held a 

Green certificate) for farmer characteristics, and farm size (Ha) and region (see Figure 2) for 

farm characteristics. In line with findings by Niles, Brown and Dynes (2016) and Tzemi and 

Breen (2019), such farm and farmer characteristics had limited influence on farmer adoption 

of the four selected mitigation measures. There were three dependent variables that showed 

a significant association with two of the mitigation measures (see Tables 7, 8, 9) but the 

relationship between these three variables was weak. Similar results were found when the 

statements linked to the four measures and farmer and farm characteristics were analysed 

together, this further indicating minimal association between farmer or farm characteristics 

and the adoption of the four selected mitigation measures.  

 

Focus then turned to the response that the farmers gave in relation to statements associated 

with each of the four measures. This was to investigate any other influential factors in the 

adoption of the four measures. The statements linked farmer attitudes and practices that 

were connected to the adoption of the measures. The farmers were divided into two groups, 

representing adoption (farmer group A) and lack of adoption (farmer group B). Each 

mitigation measure brought out different aspects that influenced its own adoption. 
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The analysis of the four mitigation measures indicated that the farmers who stated that they 

had adopted the measures had in most cases a more positive mindset towards the measures 

and showed indications of having adopted the measure effectively, based on their responses 

to the statements. The farmers who reported not having adopted the measure mostly 

highlighted their reservations about the mitigation measure itself rather than the practices 

involved. This suggested a more negative prior perception of the measure (a prejudice, if you 

will) that resulted in them not adopting the measure.  

 

Additionally, where farmer knowledge of the measure was low, this unsurprisingly resulted 

in those farmers not having adopted the measure, whereas the farmers who had adopted it 

likewise unsurprisingly showed a higher level of understanding. This was mostly evident in 

relation to the NUE and Protected Urea measures. Farmer knowledge and consequent 

attitudes were identified widely as being influential factors in whether or not the farmer 

adopted a measure, but this was not always the case. Both farmer groups (A) and (B) together 

indicated a negative view of the LESS measure in terms of the expense of implementation and 

farmer group (B) showed a good grasp of the EBI measure. Such factors are not constant 

predictors of farmer adoption, as there are many other influences that can have an impact on 

farmer decision-making (see Garforth et al., 2006; Moya et al., 2020). Farmers understanding 

the measures well does not always result in adoption (see Niles, Brown and Dynes, 2016; 

Tzemi and Breen, 2019), and human intention is not always followed by actual action.  

 

Differing influential factors in the adoption of each of the four mitigation measures were 

highlighted by the farmer and stakeholder responses to the survey results: 

 

EBI:  

• A majority of the farmers who reported not having adopted EBI believed that EBI did 

not breed better cows, but these farmers did not know their herd EBI.  

• Over half of farmer group (B) used AI to breed their cows but also used alternative 

breeding practices. They did not use dairy stock bulls on a majority of their cows or 

heifers and they reported minimal difficulties with heat detection or AI. 
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• It was indicated that two thirds of farmer group (B) had a distrust in EBI to select bulls 

for breeding in their herd. 

• One third of farmer group (B) did not use AI on their herd but used dairy stock bulls as 

they found AI and heat detection too time-consuming and troublesome.  

• The stakeholders in the workshop remarked that a clearer explanation needed to be 

given to the dairy farmers regarding the EBI measure, whereby it became clear to 

them that increasing animal efficiency resulted in fewer cows producing the same 

volume of milk (through EBI adoption).  

  

NUE: 

• One of the stakeholders mentioned the problem of farmers not reducing their N 

fertiliser amount even after indicating they understood NUE. This stakeholder, after 

reviewing the survey results, discussed the possible link between farmers having a fear 

of not growing enough grass if they used less N fertiliser and the same farmers not 

reducing their N fertiliser in line with adopting the NUE measure. This issue was also 

noted as a possible reason why other farmers had not adopted NUE at all.  

• Farmers that had not adopted NUE responded with a lower level of understanding in 

relation to their fertiliser plans and soil test results compared with farmers that 

claimed to have adopted the NUE measure.  

• Stakeholders discussed the messaging of NUE. How lime application was portrayed to 

the farmers was, in the experience of one stakeholder, perhaps linked to low levels of 

lime application. This discussion alludes to one quarter of farmer group (B) lacking 

confidence in their lime application, in the fear of locking up minerals in their soils. 

The same stakeholder mentioned that advisory services had been stressing the 

importance of lime application, but it seemed the manner of this emphasis was not 

achieving the best results.  

• A possible impediment to NUE adoption was the lack of encouragement of farmers to 

use Urea instead of CAN in order to aid the improvement of farmers’ nitrogen 

efficiency, once it was applied correctly. This was in response to 53% of farmer group 

(B) preferring to use CAN instead of Urea.  
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Protected Urea: 

• As protected urea adoption is still a relatively new measure, as pointed out by one of 

the stakeholders, this novelty can be an influencing factor in terms of farmer 

confidence in the measure. Some stakeholders also expressed a lack of complete 

confidence in the research behind the protected urea measure and even went as far 

as to suggest that it was “rushed”.  

• It was noted that over half of farmer group (B) used more compound fertiliser when 

spreading N fertiliser. This can be a limitation on the adoption of protected urea 

product, as the fertiliser does not come in a compound format. This could also be a 

distinct influence on farmers, as 46% of farmers in group (A) also stated that they used 

more compound fertiliser than straight N fertiliser.  

• One statement that was agreed with by the farmer groups and some of the 

stakeholders was that there was a need for more information about this measure to 

be published so as to improve farmer confidence. 

LESS: 

• The most influential factor is clearly the cost of the LESS equipment for both farmer 

groups (A) and (B). A higher percentage of farmers in group (B) than group (A) would 

have to upgrade their farm machinery, on top of purchasing the LESS equipment.  

• As the expense of purchasing the LESS equipment outright is not feasible for a majority 

of farmers, the option of using contractors to spread slurry using LESS equipment is 

an alternative method. According to the survey, farmer group (B) stated that less than 

half their contractors had LESS equipment. This lack will affect farmer group (B) 

comparatively more in terms of being able to adopt the measure.  

• Furthermore, farmer group (B) reported unfavourable conditions in terms of their land 

being too wet or uneven (hilly) for the use of LESS equipment. This is evidence of 

natural barriers influencing farmers about adopting the measure.  

• As with the NUE measure, one of the stakeholders also mentioned that the adoption 

of LESS should imply the reduction of chemical N use, which was, in the contributor’s 

experience, not happening with the farmers adopting the LESS. This indicates not least 

the need to streamline the message to the farmers regarding the LESS measure.  
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• A key macro-factor that could limit the adoption of the LESS measure is the arrival of 

new regulations that are being implemented in 2021, resulting in incentives being 

discontinued for farmers in the derogation programme.  

 

 

5.2.4 Objective 4: Recommendations for Policy and Extension Services to Effectively 
Encourage the Adoption of the Four Selected Mitigation Measures 
 

The stakeholders’ workshop had the main goal of gathering comments from key dairy industry 

stakeholders and farmers in response to the results of the national Irish dairy farmer survey. 

One of the outcomes was that the participants presented clear ideas for improving the 

adoption of the four mitigation measures. They collectively discussed recommendations that 

could better inform policymakers and extension services in promoting the adoption of the 

same four measures.  

 

A consensus emerged that all parties in the dairy industry needed to work together to convey 

a unified message around mitigation-measure adoption, in a broad attempt to change farmer 

behaviour. This was also identified Ricart et al., (2019) when they highlighted the gaps 

between farmer understanding, policymakers and scientific research. In line with previous 

studies (Garforth et al, 2004; Linton, 2019; Madhuri and Sharma, 2020; Moya et al., 2020) the 

stakeholders in the workshop remarked how important discussion groups and peer-to-peer 

learning based on farmers’ shared experience were, regarding the benefits of adopting a 

mitigation measure. Framed thus, ‘common’ knowledge can be a powerful advocacy tool to 

encourage other farmers.  

 

The concerns raised by the farmer responses indicating the uncertainty farmers felt were 

discussed among the stakeholders. They therefore recommended demonstration farms or 

“champion programmes” as a way of encouraging adoption through a “seeing is believing” 

component in allaying concerns around the adoption of the mitigation measures. As found by 

Garforth et al., (2004) and Moya et al., (2020), farmers’ personal experiences can be highly 

influential in their decision-making and, in some cases, will outweigh any advice offered by 
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experts. The demonstration farms and “champion programmes” could allow farmers an 

informal opportunity to view the adoption of a measure before adopting it themselves.  

 

The stakeholders also discussed a need for a strategic initiative that would be multi-faceted, 

with policy incentives, demo farms and KT services, all aimed at encouraging all Irish dairy 

farmers to adopt mitigation measures and reduce GHG emissions. This would also serve to 

reduce any misinformation and confusion that might arise in the sector regarding the 

reduction of such emissions.  

 

As suggested by Gocsik et al., (2014), it is necessary to allow reasonable time for farmers to 

adopt innovations and new practices. This was also discussed in the workshop. Contributors 

stated that it would indeed take time, especially for the newer measures such as protected 

urea, but they were optimistic that mass adoption of the measures would happen in the Irish 

dairy farming community and that there was a broad collective understanding of the 

importance of the goal of reducing farm GHG emissions.  

 

Some particularly interesting recommendations stood out from the analysis of the workshop 

proceedings. These could prove useful in encouraging still further the adoption of the four 

mitigation measures. 

 

EBI: 

• Presenting the EBI measure as a long-term breeding plan (5-10 years) to be monitored 

to meet aims set out for the farmer herd (re efficiency and the herd’s environmental 

footprint), which could in turn increase the longevity of the herd while also improving 

farm profitability and performance.  

• Possible inclusion of milk suppliers (Glanbia, Arrabawn, Dairygold, Centenary Thurles, 

etc.) in the adoption of EBI by suggesting their inclusion of incentives/bonuses for 

farmers that improve milk quality and herd health. A breeding incentive element could 

also be included for more sustainable dairy herds.  

• Suggested creation of grants or incentives for breeding technology as a way to reduce 

issues with heat detection and AI use.  
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NUE: 

• Simplification of the NUE measure and lime application as current application 

methods can be over-complicated. Simplification through a summary report of the 

farmer’s fertiliser requirements that includes visual representation of the farm and 

the advice on the fertiliser programme. One stakeholder had already tested this 

recommendation on derogation farmers and got positive results from the 

simplification of the farmers’ nutrient management plans.  

• Increased use of precision agricultural technology (such as GPS) which can be used for 

chemical N fertiliser and slurry applications with a connection to the farmer’s nutrient 

management plan. 

• Increased communication between and among agricultural merchants selling the 

fertiliser and Irish industry stakeholders to encourage more adoption of NUE among 

farmers.  

 

Protected Urea:  

• Improved communication between farmers and legislators. It was suggested by one 

of the stakeholders that farmers were not aware of the possibility of regular Urea 

being banned and the use of CAN fertiliser being restricted by future EU/Irish 

environment legislation.  

• A similar recommendation made re NUE can apply to Protected Urea adoption via 

improved communication with Agri-merchants, with the additional element of linking 

each farmer’s fertiliser plan to an Agri-merchant’s database so they know the fertiliser 

the farmers require.  

• Quicker communication of the latest scientific results on Protected Urea to the users 

(farmers) so as to “bust the myths” surrounding this measure and increase farmer 

confidence in the fertiliser. 
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LESS:  

• Low-cost loan scheme or once-off Value-Added Tax (VAT) rebate to counteract the 

cost of buying LESS equipment, especially for the cohort of contractors that do not 

have access to incentives (TAMS) to assist in its purchase.  

• Better communication/advice on the use of LESS and reduction of chemical N use on 

farms, which will result in cost savings via less chemical N fertiliser purchased.  

 

Other:  

Suggested construction of a list of environmental emission technologies and practices (EBI, 

LESS, NUE, Protected Urea and other MACC measures) that the farmers can choose from. It 

should include simplified instructions on how to adopt the measure and reduce GHG 

emissions. It can benefit dairy farmers, policymakers and dairy industry stakeholders by 

putting them “on the same page” when working towards and communicating EU/Irish 

environmental legislation targets.  

  

5.3 Conclusions 
 

A majority of the dairy farmers expressed an open point of view on agriculture’s role in 

reducing GHG emissions and they indicated a willingness to adopt or plan to adopt mitigation 

measures on their farms, with few farmers voicing reluctance to adopt any mitigation 

measure. Three of the four mitigation measures (EBI, NUE, LESS) were reportedly 

used/adopted by a large majority of the dairy farmers in the survey, with one of the measures 

(Protected Urea) being an outlier at just 50% adoption. At the time of the study, Protected 

Urea was considered quite a new technology, with a relatively low uptake of this particular 

fertiliser. Nonetheless, 50% is a high uptake given the time the technology has been in 

existence.  

 

Farmers who said that they had adopted a selected measure professed a positive attitude to 

that measure and claimed an overall understanding of the practices it entailed. The farmers 

who reported not having adopted a selected measure revealed a more negative attitude, a 

lower level of understanding of that measure, and reservations about the measure’s 

effectiveness. The study found no meaningful association between farmers’ adoption of 
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mitigation measures/practices and farmer/farm characteristics. This result was in line with 

other, prior studies already referenced. The LESS measure was the only measure of the four 

examined that was identified as being problematic both by those farmers who had adopted 

it and those who had not. This was clearly due to its cost-prohibitive nature. 

 

It is noteworthy that the participant stakeholders, whether farmers or industry 

representatives, found the survey results to be a source of optimism and found these findings 

corroborated the issues that had arisen in their own experience of these matters.  

 

The Stakeholder Workshop issued one recommendation that transcended all particular 

interests and mitigation measures. This was the need for dairy industry leaders to come 

together to deliver a unified message to dairy farmers so to influence farmer behaviour 

positively in tackling climate change and agricultural GHG emissions. The workshop also 

stressed the value of discussion groups/demonstration farms as ways to encourage peer-to-

peer learning and experience with mitigation measures. The utilisation of information on 

farmer behaviour around mitigation adoption and on the reactions from dairy industry 

stakeholders in Ireland is also important. To actively promote mitigation measures and inform 

and educate Irish dairy farmers on their adoption, a combination of resources must be utilised 

in a coherent strategy for the sector. 

 

5.4 Recommendations 
 

Recommendations to encourage the greater adoption of GHG mitigation measures among 

dairy farmers depend on collaboration between all dairy industry stakeholders to deliver a 

unified message. This should be communicated to dairy farmers across Ireland in order to 

combat misinformation and foster increasing adoption of the new practices. The 

development of demonstration farms and discussion groups to stress farmer experience and 

peer-to-peer learning would lead to growth in farmer confidence in the mitigation measures 

themselves. These should be set up in a national programme, with the involvement of dairy 

industry leaders as a conduit between farmers, other dairy industry stakeholders and, not 

least, policymakers.  
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Due to Covid-19, restrictions and social distancing had to be maintained throughout the 

duration of this study, resulting in the workshop being conducted through digital 

communication (a Zoom call). It undoubtedly justified the survey being conducted using an 

online channel, Google Survey. This fortunately had minimal effect on the data collection as 

the participants of the workshop had become familiar with the use of the digital 

communication system (Zoom call). It was apparent that farmers also displayed limited 

difficulty with the online survey, based on the comments from the pilot survey undertaken.  

 

This study did not have time to conduct further workshops with more dairy industry 

stakeholders, such as Glanbia, Dairygold, Ornua, and Grassland Agro. This be done in the 

future to encompass a wider view on the recommendations made in this study. Another 

restriction was the limited time for the survey, which did not allow the examination of the full 

extent to which farmers had adopted each of the mitigation measures. Further research 

should endeavour to investigate the scale to which the farmers will have fully adopted them. 

Additionally, it is important to identify the exact actions taken by them in adoption. This 

would provide invaluable information on what they deemed to be a successful change. 

Further research could possibly also identify other factors that influence the adoption of the 

mitigation measures. 
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Appendices 

 
Appendix 1. Google Form Dairy Farmer Survey. 
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Appendix 2. Stakeholders Workshop Summary Report. 
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Appendix 3. Stakeholders Workshop Schedule. 

 
 
 

Virtual Workshop Programme 
 

Location:  Zoom Meeting ID: 660 6731 7641,  Passcode: 949576) https://ucd-
ie.zoom.us/j/66067317641?pwd=VlExbE9vZHRoenlLTTBPaTRvbWo3QT09  
 
Date/Time:  Wed 14th April 11am to 12.30pm 

 
Attendee:  Dairy farmers, advisory services, DAFM and processors 
 

Chairpersons:  Paul Smyth (ICMSA)  

Co-Chairperson:  Jim Moyles (Teagasc) 

Presenter:  Donnacha Ryan (Researcher) 

Recorder:  Jim Kinsella (UCD) 

Purpose 

To get reactions to the key findings of the Dairy Farmers’ Survey and identify ways to 

increase dairy farmers adoption of the selected mitigation measure. 

 

Agenda 

After an introduction to the Workshop and a brief explanation of the overall study, the main 

survey findings in relation to each of the four selected mitigation measures will be presented. 

The participants will have 10-12 minutes in plenary to discuss these findings with the aim to 

suggest ways to improve the adoption of the measures.  

Time Topic Personnel 

11.00 – 11.20 Welcome and introductions. 

Overview of the Workshop 

Brief explanation of the study 

Chair – Paul Smyth 

Presenter – Donnacha 

11.20 – 11.35 Focus on the EBI mitigation measure: 
3min – Summary of findings 

12min – Participant discussion 

Presenter – Donnacha 

Co – Chair: Jim Moyles 

Jim Kinsella (notes) 

11.35 – 11.50  Focus on the NUE mitigation measure: 
3min – Summary of findings 

12min – Participant discussion 

Presenter – Donnacha 

Co – Chair: Jim Moyles 

Jim Kinsella (notes) 

11.50 – 12.05 Focus on the Protected Urea measure: 
3min – Summary of findings 

12min – Participant discussion 

Presenter – Donnacha 

Co – Chair: Jim Moyles 

Jim Kinsella (notes) 

12.05 – 12.20 Focus on the LESS measure: 
3min – Summary of findings 

12min – Participant discussion 

Presenter – Donnacha 

Co – Chair: Jim Moyles 

Jim Kinsella (notes) 

12.20 – 12.30 Conclusion and Close  Chair – Paul Smyth  
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Appendix 4. Stakeholders Workshop Presentation with Comments & 
Recommendations. 

 

Study Title:
Factors Affecting The Adoption Of The Teagasc MACC Actions on 

Mitigating GHG Emissions On Irish Dairy Farms

Researcher: Donnacha Ryan

M.Agr.Sc Innovation Support Programme 2019-2021

Supervisors: Jim Kinsella (UCD), Jim Moyles (Teagasc, Tullamore) and Paul 
Smyth (ICMSA)

Virtual Workshop on Dairy Farm GHG 
Mitigation (14/4/2021)

Purpose of the Workshop:
To reflect on the findings of the Farmers’ Survey and to attempt to 
identify ways in which adoption of these measures by farmers can 

be increased.

Workshop Timetable
Time Topic Personnel

11.00 – 11.20
Welcome and introductions.
Overview of the Workshop

Brief explanation of the study

Chair – Paul Smyth
Presenter – Donnacha

11.20 – 11.35

Focus on the EBI mitigation measure:

3min – Summary of findings

12min – Participant discussion

Presenter – Donnacha
Co – Chair: Jim Moyles
Jim Kinsella (notes)

11.35 – 11.50 

Focus on the NUE mitigation measure:

3min – Summary of findings

12min – Participant discussion

Presenter – Donnacha
Co – Chair: Jim Moyles
Jim Kinsella (notes)

11.50 – 12.05

Focus on the Protected Urea measure:

3min – Summary of findings

12min – Participant discussion

Presenter – Donnacha
Co – Chair: Jim Moyles
Jim Kinsella (notes)

12.05 – 12.20

Focus on the LESS measure:

3min – Summary of findings

12min – Participant discussion

Presenter – Donnacha
Co – Chair: Jim Moyles
Jim Kinsella (notes)

12.20 – 12.30 Conclusion and Close Chair – Paul Smyth 
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Survey

u Google Form Survey To ICMSA Dairy 
Farmers 

u 25 Questions

u Farmer Profile
u Farmer’s attitudes to GHG mitigation 

u Focus on the 4 selected mitigation 
measures 
uDairy EBI

uNUE
uProtected Urea

uLESS

Survey Respondents

Regions
2019 Teagasc 
National Farm 

Survey
Study

South 73% 75%

North & West 15% 10%

East & Midlands 13% 15%

• 482 Valid Responses Analysed 
• 80% Hold a Green Certificate

Farmer Profile Study Average Teagasc NFS Dairy Average

Farmer Age 51 54 (Teagasc, 2020)

Cow No. 101 Cows 80 Cows (Teagasc, 2020)

Farm Size (Hectares) 66.5 60 (Teagasc, 2020)

• Almost 50/50 Split of Derogation and 
Non-Derogation farmers
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u The farmers who hadn’t adopted EBI (19%):

u 53% use alternative breeding tools on their cows.

u 65% use AI on majority of their cows.

u 58% don’t find AI or heat detection an issue.

u 64% don’t use dairy stock bulls on the majority their cows or 
heifers.

u 60% believing EBI doesn’t breed better cows. 

Dairy Economic Breeding Index (EBI)

u 81% of farmers reported they have adopted EBI:

u 39% use alternative breeding tools on their cows (crossbreeding, 
aAa, pedigree breeding).

How can EBI adoption by Dairy farmers be improved?

u A long term project – language we use is important. Need to look at a 
long term plan with advisor/ where to be in 10 years? Monitoring the 
Plan (fertility and other measures)

u Base of bulls available from AI seems to have narrowed – needs to be 
broadened out + better bulls and more with sexed semen

u Get more farmers milk recording

u Including the co-ops and possible incentives/ bonuses

u Getting across the message on EBI potential with farmers 

u Stock bull usage – scope for gains here.

u Need a targeted campaign at those who are not adopting – customise 
the campaign for these farmers
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u The 89% of farmers who have adopted NUE:

u 82% understand their soil tests and fertiliser plans.  

u 56% are willing to attend a training course about their fertiliser plans. 

Nitrogen-Use Efficiency (NUE)

u The farmers who hadn’t adopted NUE (11%):

u 63% understand their soil tests and fertiliser plans.

u 75% are willing to attend a training course about their fertiliser plans. 

u 53% want to continue to use CAN instead of Urea.

u Farmers overall:

u 88% have confidence in adjusting N fertiliser in response to improved 
soil pH and index. 

u 83% have confidence in spreading lime.

u 60% have a fear of not growing enough if they use less N fertiliser.  

How can  NUE adoption by Dairy farmers be improved?

u More use of soil test results to inform NUE

u A good deal of new information and there is a ‘lag’ period. 
Messages on NUE have become stronger in recent times (new to 
farmers)

u Need to look at the overall picture and come back with color-
coded maps/ reports for farmers

u Demonstration farms have a role here – ‘seeing is believing’

u Merchants not interested in NUE and change here – issue to address

u No one organisation can bring about changes here – need to 
collaborate – agreed project / training selves and farmers. Everyone 
needs to be on the same page on fertiliser advice.
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u Farmers overall:

u 70% of the farmers' local merchants stock protected urea products. 

u 83% believe there isn’t enough information available on protected urea. 

u 58% believe protected urea is worth the extra cost.

Protected Urea

u The 48% of farmers who have adopted protected urea:

u 47% use more compound fertiliser than straight N fertiliser.

u The farmers who hadn’t adopted protected urea (52%):

u 50% believe CAN is more effective than Protected Urea.

u 60% believe protected urea is not worth the extra cost.

u 61% don’t see the point in changing to protected urea.

How can the adoption of Protected Urea by Dairy farmers be improved?

u Peer to peer learning – getting the positives out

u Need more clarity on timing/ rates. Demo farms have a role here

u Identify farmers who are using PU and have a good experience (profiling 
farmers)

u Incentives and/ or regulations may be needed for farmers who are not 
as convinced 

u There are regulations and targets in place – everyone needs to be on 
same page (collaboration) 

u Conversation with merchants on this – to ensure joined-up actions

u There is a ‘fear factor’ associated with use of PU – need to burst the 
myths – need to help farmers overcome the fears 

u Co-ops and merchants role is critical here
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u Farmers overall:

u 78% of farmers have issues with the the high costs of equipment 
and/or with high contractor charges of LESS

u 50% of the farmers would have to upgrade their tractor to use LESS.

Low Emission Slurry Spreading (LESS)

u The 70% of farmers who have adopted LESS:

u 81% have contractors with LESS equipment.

u 70% feel LESS doesn’t affect silage quality or cause issues with pipes 
blocking. 

u The farmers who hadn’t adopted LESS (30%):

u 48% have contractors with LESS equipment.
u 52% feel LESS doesn’t affect silage quality or cause pipes blocking.  

u 50% have land that is either too heavy or not suitable for LESS 
equipment. 

How can the adoption of LESS by Dairy farmers be improved?

u Price is prohibitive and contractors unable to get grant assistance –
possible VAT rebate

u Works on marginal ground and need farmers to promote it (big and 
small farms)

u Consider a ‘menu’ – pick from what is available – simplify the options 
available for farmers to make informed decisions

u Lots of good machinery on farms – need more retro-fitting of the existing 
tankers

u It will take time to address this.
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Appendix 5. Statistical Significance Between Selected Mitigation Measures (EBI, 
NUE, Protected Urea & LESS) and The Independent Variables (Region, Farmer 
Age, Farm Size & Farmer Education [Green Certificate]). 
 

Independent 
Variable 

Dependent Variable Test 
Undertaken 

Test Result  
P-value 

(Statistical 
Significance) 

Comments on Result  

Region Farmer Adoption of 
EBI 

Chi sq. 0.181 No significant difference between 
farmers use/adopt of EBI and region. 

Age Farmer Adoption of 
EBI 

Chi sq. 0.370 No significant difference between 
farmers use/adopt of EBI and age 

distribution. 
Farm Size Farmer Adoption of 

EBI 
Chi sq. 0.709 No significant difference between 

farmers use/adopt of EBI and total farm 
size. 

Green 
Certificate 

Farmer Adoption of 
EBI 

Chi sq. 0.017 A significant association between 
farmers use/adopt of EBI and green 

certificate. Farmer with a green 
certificate is more likely to use EBI 
compared to farmers not holding a 

green certificate. However, the 
strength of the relationship between 

farmers use/adopting of EBI and 
farmers holding a green certificate is 

weak (Cramer’s V = 0.109). 
 

Independent 
Variable 

Dependent Variable Test 
Undertake

n 

Test Result  
P-value 

(Statistical 
Significance) 

Comments on Result  

Region Farmer Getting the 
Most Out of Their 

NUE 

Chi sq. 0.242 No significant difference between 
farmers getting the most of NUE and 

region 
Age Farmer Getting the 

Most Out of Their 
NUE 

Chi sq. 0.487 No significant difference between 
farmers getting the most of NUE and 

age distribution 
Farm Size Farmer Getting the 

Most Out of Their 
NUE 

Chi sq. 0.637 No significant difference between 
farmers getting the most of NUE and 

total farm size. 
Green 

Certificate 
Farmer Getting the 
Most Out of Their 

NUE 

Chi sq. 0.803 No significant difference between 
farmers getting the most of NUE and 

green certificate. 
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Independent 
Variable 

Dependent Variable Test 
Undertaken 

Test Result  
P-value 

(Statistical 
Significance) 

Comments on Result  

Region Farmer Use of 
Protected Urea 

Chi sq. 0.263 No significant difference between 
farmers use/adopt of protected urea and 

region. 
Age Farmer Use of 

Protected Urea 
Chi sq. 0.714 No significant difference between 

farmers use/adopt of protected urea and 
age distribution. 

Farm Size Farmer Use of 
Protected Urea 

Chi sq. 0.857 No significant difference between 
farmers use/adopt of protected urea and 

total farm size. 
Green 

Certificate 
Farmer Use of 
Protected Urea 

Chi sq. 0.642 No significant difference between 
farmers use/adopt of protected urea and 

green certificate. 
 

Independent 
Variable 

Dependent Variable Test 
Undertaken 

Test Result  
P-value 

(Statistical 
Significance) 

Comments on Result  

Region Farmer Use of LESS Chi sq. 0.595 No significant difference between 
farmers use/adopt of LESS and region. 

Age Farmer Use of LESS Chi sq. 0.020 A significant association between farmers 
use/adopt of LESS and age distribution. 

Farmers aged between 35 – 64 are more 
likely to find they get the most out of the 
NUE compared to farmers under 35 and 

over 65. However, the strength of the 
relationship between farmers 

use/adopting of LESS and farmers age is 
weak (Cramer’s V = 0.156). 

Farm Size Farmer Use of LESS Chi sq. 0.014 A significant association between farmers 
use/adopt of LESS and total farm size. As 
farm size increases the more likely that 

the farmers find they get the most out of 
their NUE. However, the strength of the 

relationship between farmers 
use/adopting of LESS and farm size is 

weak (Cramer’s V = 0.149). 
Green 

Certificate 
Farmer Use of LESS Chi sq. 0.551 No significant difference between 

farmers use/adopt of LESS and green 
certificate. 

   


