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Abstract 

 

Agriculture faces considerable challenges of achieving more sustainable production that 

minimises nitrogen (N) and phosphorus (P) losses and meets international obligations for 

water quality and greenhouse gas emissions. This must involve reducing nutrient balance 

(NB) surpluses and increasing nutrient use efficiencies (NUEs), which could also improve 

farm profitability (a win-win). To set targets and motivate improvements in Ireland, 

nationally representative benchmarks were established for different farm categories (sector, 

soil group and production intensity). Annual farm-gate NBs (kg ha
-1

) and NUEs (%) for N 

and P were calculated for 1446 nationally representative farms from 2008-2015 using import 

and export data collected by the Teagasc National Farm Survey (part of the EU Farm 

Accountancy Data Network). Benchmarks for each category were established using quantile 

regression analysis and percentile rankings to identify farms with the lowest NB surplus per 

production intensity and highest gross margins (€ ha
-1

). Within all categories, large ranges in 

NBs and NUEs between benchmark farms and poorer performers show considerable room 

for nutrient management improvements. Results show that as agriculture intensifies, nutrient 

surpluses, use efficiencies and gross margins increase, but benchmark farms minimise 

surpluses to relatively low levels (i.e. are more sustainable). This is due to, per ha, lower 

fertiliser and feed imports, greater exports of agricultural products, relatively high stocking 

rates (except for tillage, mixed livestock and non-suckler cattle), and higher gross margins. 

For the ambitious scenario of all non-benchmark farms reaching the optimal benchmark zone, 

moderate reductions in farm nutrient surpluses were found with great improvements in 

profitability, leading to a 31% and 9% decrease in N and P surplus nationally, predominantly 

from dairy and non-suckler cattle. The study also identifies excessive surpluses for each level 
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of production intensity, which could be used by policy in setting upper limits to improve 

sustainability. 

 

Keywords 

 

Benchmarking, nutrient balance, nutrient use efficiency, sustainability, agriculture, FADN. 

 

1. Introduction 

 

Agriculture faces considerable challenges of achieving sustainable intensification to maintain 

global food security (Godfray et al., 2014; Paillard et al., 2009) whilst also meeting water 

quality and greenhouse gas (GHG) emissions targets. Intensive agricultural production relies 

upon nitrogen (N) and phosphorus (P) imports within chemical fertiliser and feed, but 

relatively low proportions of these costly non-renewable nutrients are converted into 

agricultural products (Cordell and White 2011; Sutton et al., 2013). This poor nutrient use 

efficiency (NUE) is associated with losses to the environment and impacts on water quality, 

GHG emissions (N2O), air quality (ammonia), acidification and biodiversity (EEA, 2018; 

Reay et al., 2012; Davidson et al., 2015; Hanrahan et al., 2019 ). Furthermore, such 

inefficiencies (and price volatilities) can have significant economic implications for farmers 

(Buckley and Carney, 2013; Mihailescu et al., 2015). Stakeholders and policymakers are 

therefore increasingly interested in key performance indicators (KPIs) of farm nutrient 

management, efficiency and environmental sustainability, and the establishment of national 

benchmarks to set targets and motivate/measure improvements (Uwizeye et al., 2016; Dillon 

et al., 2010, 2016; Diazabakana et al., 2014). 
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Two of the most widely used KPIs of nutrient management are nutrient balance (NB) and 

NUE (McLellan et al., 2019; Halberg et al., 2005a). Farm-gate NBs (kg ha
-1

) measure 

nutrient imports through the farm gate in the form of feed, chemical fertiliser and livestock, 

and subtract nutrients exported within agricultural products and organic fertiliser 

(Breembroek, et al., 1996; Nevens et al., 2006; Treacy et al., 2008). NUE (%) is calculated by 

dividing nutrient exports by imports, and indicates the efficiency of recovering imported 

nutrients in exported farm produce (Powell et al., 2010). Large NB surpluses and low NUEs, 

therefore, indicate a build-up of nutrients on the farm which are at risk of environmental 

losses, whereas NB deficits and very high NUEs (e.g.  90%) indicate mining of soil nutrient 

reserves which will reduce soil fertility over time and are unsustainable long-term  (Aarts et 

al., 2000; Schröder et al., 2003; Murphy et al., 2015). The aim is therefore to achieve a 

nutrient balance and high NUE, to minimise environmental losses, and maximise agricultural 

productivity, profitability and long-term sustainability (a win-win scenario) (Davidson et al., 

2015; Longphuirt et al., 2016). 

 

Benchmarking uses KPIs to compare the performance of a system to others in order to 

rate/rank the performance, identify reasons for high performance, set targets for 

improvement, and measure and monitor changes over time (Hansen et al., 2005; Ondersteijn 

et al., 2003a,b; Nielson and Kristensen, 2005). Benchmarking approaches for nutrient 

management include comparative ranking schemes and percentile rankings (e.g. Cela et al., 

2014a,b; Mu et al., 2016), modelling farm simulations and scenario analysis (Crosson et al., 

2007), and efficient-frontier techniques (Malano et al., 2004) such as data envelopment 

analysis (DEA) (Buckley and Carney, 2013; Kelly et al., 2012; Barnes et al., 2009) or 

stochastic frontier analysis (Battese and Coelli, 1995; Lohr and Park, 2007; Van Passel et al., 

2009). Importantly, benchmarks will vary depending on farm sector type, production 
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intensity, climate, soil type and other environmental conditions (Oenema et al., 2003; 

Halberg et al., 2005a; Gourley et al., 2007). Furthermore, as farmers are more likely to 

respond to financial incentives (Buckley, 2012; Gourley et al. 2007; Lohr and Park, 2007), 

benchmarks that can relate environmental improvements to profit gains (e.g. Ondersteijn et 

al., 2003a) are more likely to motivate farmer behaviour. 

 

National nutrient accounting systems (e.g. MINAS, OVERSEER, RAUMIS and STANK) 

and policy support tools (e.g. FADN, OECD, EUROSTAT and the Australian Dairy Industry 

Survey) have been developed across Europe, the US and Australasia to facilitate monitoring, 

benchmarking and motivating improvements (e.g. Breembroek et al., 1996; Halberg et al., 

2005b; Öborn et al., 2003; Ondersteijn et al., 2002; Greppa Naeringen, 2011; Monaghan et 

al., 2007; Stott and Gourley, 2016). The EU Farm Accountancy Data Network (FADN, 2016) 

provides nationally representative, standardised annual accountancy data (physical, structural, 

economic, financial) over decades for over 80,000 EU farms. In countries (including Ireland) 

where FADN data collection has been expanded to include volume based and enterprise-

specific import and export data, it has been increasingly used to estimate nationally 

representative farm NBs, NUEs and temporal trends across different sectors (Buckley et al., 

2016a,b; Kelly et al., 2018, 2015; Ryan et al., 2016; Dalgaard et al., 2006Wrzaszcz and 

Zegar, 2016). Some studies have also benchmarked FADN-derived national averages against 

specialist cohorts of progressive, niche, experimental, commercial or pilot farms with similar 

farm characteristics (Dolman et al., 2014; de Vries et al., 2015; Oenema et al., 2012; Nevens 

et al., 2006). 

 

However, no study has used the FADN data to establish nationally representative benchmarks 

of the top-performing farms (instead of calculating average KPI values/performers), across 
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different sectors, or the worst-performing farms where the largest and potentially easiest and 

most cost-effective improvements could be achieved. Such an analysis could be used to 

encourage improvements in nutrient management performance as farms aim for benchmark 

targets, as well as establish upper limits on surpluses to reduce excessive nutrient surpluses 

and environmental losses from poorly performing farms (McLellan et al., 2018; Gourley et 

al., 2007). Furthermore, scenario analysis using this data could be used to demonstrate 

potential reductions in nutrient surpluses, (GHG) emissions and increases in farm 

profitability  by reaching benchmark targets at farm and national scales. 

 

This study aimed to establish nationally representative benchmarks of farm nutrient 

management for Ireland using the Teagasc NFS that could be used as standardised targets by 

farmers and policymakers to motivate improvements. The objectives of this study were to; (i) 

establish benchmarks (top performers) of farm-gate NB and NUE  for each sector, soil group 

and production intensity, (ii) identify worst-performers with excessive nutrient surpluses for 

each category to establish maximum upper limits, (iii) identify the farm characteristics that 

explain differences in performance, and (iv) use scenario analysis to estimate potential 

improvements in environmental sustainability (lower nutrient surpluses and GHG emissions) 

and economic sustainability (higher gross margins and lower financial costs) that could be 

achieved through reaching benchmark targets at farm and national scales. 

 

2. Methods 

 

2.1 FADN data and calculating KPIs for each farm category 
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Prior to this study, nationally representative farm-gate N and P balances and use efficiencies 

from 2008-2015 were derived using an unbalanced panel of 1446 Irish farms in the Teagasc 

National Farm Survey (NFS; part of the FADN) (7326 farm year data points) using the 

methodology described in Buckley et al. (2015). These farms were randomly selected and 

population weighted according to size and farm sector system from the Central Statistics 

Office Census of Agriculture (Lynch et al., 2016), representing on average 85,415 farms 

nationally (61% of total farms) and 76% of the total utilised agriculture area (UAA; 

excluding commonage). They were then classified into different soil groups and sectors. 

Sectors include dairy, mixed livestock (dairy tends to be the main livestock enterprise), 

suckler cattle, non-suckler cattle, sheep, and tillage. Sector classifications were based on the 

dominant, but not exclusive, enterprise on the farm. Soil groups were based on soil quality, 

texture, altitude, climate, topography and drainage derived from the National Soil Survey of 

Ireland (Gardiner and Radford, 1980), and used as a proxy of land use potential (Table 1). 

 

[Insert Table 1] 

 

2.2 Identifying minimum sustainable balances prior to benchmarking 

 

Prior to benchmarking farm-gate NBs and NUEs, data points with balances that in the long-

term would be unsustainably low needed to be identified and removed. A literature review 

was therefore undertaken to identify minimum sustainable balances that; (i) are sufficient to 

offset unaccounted and unavoidable environmental losses, (ii) maintain agronomically 

optimum soil nutrient concentrations, (iii) meet livestock nutritional requirements, and (iv) 

comply with agri-environmental regulations. 
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For P, catchment monitoring studies in Ireland show that in-stream total P losses are typically 

< 2 kg ha
-1

 yr
-1

 in the wettest years, even in catchments with predominantly poorly drained 

soils and associated high runoff potential (Table 2). A meta-analysis of studies on P balances 

and soil P concentrations found that the agronomically optimum range of soil Morgan P 

concentrations related to a farm-gate P balance of 1.5-4.5 kg ha
-1

 for grassland livestock 

farms (predominantly dairy) (Fig. 1), and that balanced P fertilisation (rather than surpluses) 

can actually reduce herbage yields (van Middelkoop et al., 2016), which may be because of 

differences in soil P fixation and immobilisation which are not currently accounted for in 

recommended rates (see Roberts et al., 2017; van Leeuwen et al., 2019). Studies on livestock 

nutritional requirements demonstrate that the minimum dietary P requirement is between 3.0-

4.2 g P kg
−1

 dry matter for moderate-to-high producing dairy cows (e.g. Odongo et al., 2007; 

Valk et al., 2000; Withers et al., 1999; Wu et al., 2001;Wang et al., 2014), including 3.6 g P 

kg
-1

 dry matter intake for high-yielding dairy cows in Northern Ireland (Ferris et al., 2010a,b; 

O’Rourke et al., 2010), which was related to dairy farm-gate P balances of 2.7 kg P ha
-1

 

(Bailey, 2016). No other sector studies relating farm-gate P balances to optimum livestock 

dietary requirements were found. 

 

For N, the high spatiotemporal variability and uncertainty in rates of environmental losses 

and other unaccounted input/output factors (biological N fixation, atmospheric N deposition, 

immobilisation and mineralisation) (McAleer et al., 2017; Oenema et al., 2003), and a poor or 

unclear relationship between N balances and nitrate leaching/groundwater concentrations in 

Ireland (Humphreys et al., 2008; Burchill et al., 2016), precludes identifying minimum farm-

gate N balances that would offset unavoidable environmental losses. Also, as there are no 

widely adopted reliable soil tests for long-term soil N plant availability (see McDonald et al., 

2014a,b), relating farm-gate N balances to agronomically optimal soil N levels was not 
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possible. Furthermore, there is a lack of studies relating optimum livestock dietary N 

requirements to farm-gate N balances. 

 

Based on the above findings, a minimum sustainable farm-gate P balances of 3 kg ha
-1

 was 

identified. Due to a lack of evidence, and the complexity of N cycling, a minimum 

sustainable N balance of 0 kg ha
-1

 was selected, as operating at a negative balance over time 

would degrade soil N fertility. Two copies of the NFS dataset were then used to treat N and P 

benchmarking separately. The data points below the minimum sustainable N balance (for the 

N dataset only) or P balance (for the P dataset only) were removed prior to benchmarking 

analysis, as well as a minimal number of data points which did not comply with the Nitrate 

Regulations 250 kg ON ha
-1

 stocking limit. Table 3 shows the number of NFS farms with 

minimum sustainable N and P balances used in the benchmarking analysis for each soil group 

within each sector (2008-2015), and national population weightings (number of farms 

represented nationally). 

 

[Insert Figure 1] 

 

[Insert Table 2] 

 

[Insert Table 3] 

 

2.3 Establishing benchmarks and worst performers, and explaining performance 

 

The relationship between production intensity (total N or P exports in kg ha
-1

) and the N or P 

balance (kg ha
-1

) was then investigated for each soil group within each sector using quantile 
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regression analysis (in R v3.4.1), which estimates the conditional mean or other quantiles of 

the response variable given certain values of the predictor variable. Percentile regression lines 

(10th, 25th, 50th, 75th and 90th percentiles) were fitted to the relationship (similar to 

Davidson et al., 2015; Nevens et al., 2006; Cela et al., 2014), to identify benchmark farms 

with the lowest nutrient surpluses for each level of production intensity (data points located 

beneath the 75th (Q75) or 90th (Q90) percentile lines). The 10% worst performing farms with 

the highest surpluses per production intensity were then identified for each category as the 

data points above the Q10 regression line. 

 

Benchmark farms also need to be economically profitable (Buckley and Carney, 2013; 

Mihailescu et al., 2015; Ondersteijn et al., 2003a; Lynch, 2017), so for both N and P datasets, 

farm economic performance was benchmarked for each sector and soil group subcategory 

using percentile rankings of farm gross margin (gross output minus direct costs; € ha
-1

 UAA). 

Data points in each category scatter plot (showing the relationship between production 

intensity and nutrient balance) were then colour coded based on their gross margin percentile 

ranking. Thus the optimal benchmark zone for each category was identified as the zone 

encompassing farms with the lowest NB surpluses and highest gross margins (> Q75 for 

both). 

 

The average farm characteristics and NB components of this optimal benchmark zone cohort 

were then compared to those from the poorer performing cohorts, to identify reasons for their 

benchmark nutrient management performance (Nevens et al., 2006; Halberg et al., 2005b). 

As the datasets used were from 2008-2015, benchmarking farm performance accounts for 

inter-annual variations in KPIs controlled by factors such as farm management, weather, 

grass/crop growth, housing periods, fertiliser/feed costs and market prices, as well as soil 
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nutrient status, which can lead farms to have overall balance deficits or high surpluses 

temporarily to reach agronomic optimums  (Murphy et al., 2015). 

 

2.4 Scenario analysis 

 

To assess potential environmental and economic benefits at farm and national scales that 

could be achieved by moving farms towards benchmarks in their category, three different 

benchmarking scenarios were explored:  

 

1. all non-benchmark farms reach the next best performing zone 

2. all worst-performing farms with excessive nutrient surpluses (highest 10%) reach the 

next best performing zone 

3. all farms, including those with N surplus <0 kg ha
-1

 and those with P surplus <3 kg 

ha
-1

 (i.e. the complete NFS data set), reach the optimal benchmark zone 

 

The first two scenarios used only data points with minimum sustainable NBs (N surplus >= 0 

kg ha
-1

; P surplus >= 3 kg ha
-1

). For Scenario 3, the mean difference in NB, NUE, and 

balance components between each non-benchmark farm and the mean value of the optimal 

benchmark zone farms was calculated. For Scenario 1, the mean of the differences in the 

NBs, NUEs and balance components between a performance zone (e.g. Q26-Q50) and the 

mean of the next best performing zone (e.g. Q51-Q75) was calculated. For Scenario 2, the 

mean of the differences in values between Q1-10 and the mean of the Q11-25 zone calculated 

in Scenario 1 were used. 
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Changes in economic performance (i.e. gross margins, chemical fertiliser and feed costs, total 

costs, total direct costs and gross outputs)  for each scenario were also calculated using the 

same approach as stated above. The potential impact of chemical fertiliser N use changes on 

direct GHG emissions were also estimated at the national level based on Irelands revised 

1.24% emission factor (EF) for N2O from fertiliser N applied to soils (i.e. 1.24 kg N2O-N is 

emitted for every 100 kg fertiliser-N applied) (EPA, 2018; Lynch, 2018). 

 

Results are for target farms only in each scenario (analysis did not include benchmark farms 

already in the optimal benchmark zone for Scenario 3, or benchmark farms located below the 

Q75 or Q10 percentile regression lines in Scenarios 1 and 2, respectively). Results were 

national farm population weighted and hence representative at the national scale, as with all 

other results in this report (except NUE which used median values due to large skewness). 

 

3. Results and Discussion 

 

3.1 Benchmarks, worst performers, and policy implications 

 

As production intensity increases (with higher total N or P exports), N and P balances tend to 

increase for livestock farms (but with much greater variability for P), and decrease for tillage 

(Fig. 2 and 3). However, benchmark farms (below the Q75 line) minimise surpluses to 

relatively low levels for a given level of production intensity (Fig. 4 and 5, and Tables 4 and 

5), which has also been shown in Northern Ireland (Adenuga et al., 2018) and Europe 

(Svanbäck et al., 2019). Within all farm types, large ranges in NBs between benchmark farms 

and poorer performers (e.g. above the Q10 line) show considerable room for reducing 

surpluses on many farms. This is also demonstrated when comparing mean balances with 
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optimum benchmark zone balances (Fig. 6), although results indicate larger P inputs are 

needed on average to optimise suckler cattle, sheep and tillage sectors. 

 

For all sectors, gross margins ha
-1

 tend to increase with production intensity (Fig. 4 and 5), 

but for tillage this relationship was less clear, likely due to undifferentiated crop types which 

have differences in market value (€ t
-1

). Thus optimal benchmark zone farms with the lowest 

NBs and highest gross margins were predominantly high-intensity producers (Fig. 4, 5 and 7, 

and Tables 4 and 5). In the context of national policy (Food Wise 2025) driving agricultural 

intensification (DAFM, 2015), particularly for the dairy herd which increased by over 23% 

from 2014-17 (CSO, 2019), results indicate that nutrient surpluses, use efficiencies and gross 

margins are likely to increase (see also Dillon et al., 2016; Lynch, 2017; Ryan et al., 2016; 

Beukes et al., 2012). However, this study shows that optimal benchmark farms buck the trend 

by achieving high output and gross margins ha
-1

 while minimising nutrient surpluses (i.e. are 

more environmentally and economically sustainable). 

 

Benchmark farm KPI values (NB, NUE and gross margin) in Tables 4 and 5 can be used as 

quantitative targets by farmers and policymakers wanting to achieve high nutrient 

management and economic performance and ambitious production targets while also meeting 

environmental policy commitments under the EU Water Framework Directive and UNFCCC 

(Lynch et al., 2019).. However, due to the many factors influencing the KPIs that may be 

outside a farmer’s control (e.g. biophysical/environmental factors, farm fragmentation, or 

financial constraints), it may not be possible for a given farm to reach optimal benchmark 

zone targets. It may therefore be more practical and achievable to set more moderate, 

stepwise benchmark targets (like Scenario 1) whereby a farm aims to reach the next best 

percentile regression line (next best quartile of performance). To reach it, a farm must either 
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(i) lower its nutrient surplus, (ii) increase its exports, or (iii) do both (Fig. 7). It should be 

noted that the optimal benchmark zone does not define the absolute optimum level of 

performance achievable, as current (but not adopted) or future management practices, 

strategies and technologies can shift the boundaries of farm performance. 

 

The 10% and 25% worst performers with the highest surpluses for a given production 

intensity are also identified in Fig. 4, 5 and 7, and Tables 4 and 5, as those above the Q10 or 

Q25 regression lines. These lines could therefore be used by farmers and policymakers to set 

upper limits, specific to each farm category and production intensity, to reduce excessive 

surpluses and environmental source pressures (similar to the concept by McLellan et al., 

2018). Some EU countries have employed ‘flat-rate’ maximum permitted balances based on 

relationships with Nitrates Directive water quality targets or political decisions weighing 

agri-economic and environmental consequences (van Grinsven et al., 2016; Nevens et al., 

2006; Del Hierro et al., 2005; Schröder et al., 2007); for example, 100 kg N ha
-1

 and 9 kg P 

ha
-1

 in Denmark in 2003 (Wright and Mallia, 2008), and 10 kg P ha
-1

 for derogated holdings 

in Northern Ireland (Government of Northern Ireland, 2010). However, it may be more 

appropriate for the maximum permitted surplus level to vary with production intensity, in 

order not to constrain production levels/economic performance, or permit excessive wasteful 

surpluses from lower intensity farms. 

 

When comparing optimal benchmarks between different sector types, suckler cattle, non-

suckler cattle and sheep farm benchmarks have lower N and P surpluses (25-33 kg N ha
-1

 and 

3.8-4.4 kg P ha
-1

), higher N-NUE (31-47%), variable P-NUE (53-73%) and lower gross 

margin returns (972-1351 € ha
-1

), relative to dairy farm benchmarks (Tables 4 and 5). In 

comparison to all livestock sectors, optimal benchmark tillage farms had extremely high 
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NUEs for N and P (92% and 85%, respectively), very low N balance surplus (10.5 kg N ha
-1

), 

relatively low P surplus (4.0 kg P ha
-1

), and relatively high gross margins (1573-1720 € ha
-1

). 

 

[Insert Figure 2] 

 

[Insert Figure 3] 

 

[Insert Figure 4] 

 

[Insert Figure 5] 

 

[Insert Figure 6] 

 

[Insert Figure 7] 

 

[Insert Table 4] 

 

[Insert Table 5] 

 

3.2 Characteristics of benchmark farms explaining best performance 

 

3.2.1 Nutrient imports and exports 

 

Benchmark farms have lower fertiliser and feed imports and greater exports of agricultural 

products per hectare compared to the poorer performing categories (Tables 4 and 5), as has 
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been found by other studies (Nevens et al., 2006; Öborn et al., 2003; Ondersteijn et al., 

2003b). Fertiliser imports make up a much larger proportion of total N imports than feed 

(concentrates or forage crops) for all farm types and, therefore, have a much larger effect on 

N surpluses and use efficiencies. This reflects the fact that livestock agriculture in Ireland is 

dominated by a grazed grassland system. This indicates that most improvements in N 

balances and use efficiencies are to be obtained through lowering fertiliser imports and 

improving fertiliser management. However, care must be taken when lowering fertiliser 

imports that it does not come at the expense of reduced forage production, as associated 

increases in feed imports just externalises nutrient losses/inefficiencies to the farms where the 

imported feed was produced (Godinot et al., 2014; Schröder et al., 2003). Fertiliser P also 

dominated P imports for most farm types, but for dairy and mixed livestock, feed P imports 

were higher than fertiliser P imports for optimal benchmark farms. 

 

Furthermore, for all sectors, optimal benchmark zone farms have relatively moderate total 

fertiliser and feed imports that are more typical of the 26-75
th

 percentile zones, combined 

with a high level of agricultural exports. This highlights the need to also focus on the  factors 

that would maximise these exports (and thus also KPIs) such as herd genetics (Beukes et al., 

2012; Ryan et al., 2011), herd health (FAO, 2012), fertility management (Beukes et al., 2012; 

Huhtanen et al., 2011), grassland and grazing management (French et al., 2015; MacDonald 

et al., 2008; Finneran et al., 2012), labour, education, technology/machinery, and crop or soil 

management. 

 

3.2.2 Stocking rates 
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Benchmark farms based on N or P balance alone had relatively low stocking rates for all 

sectors (Table 4 and 5), but optimal N benchmark farms had relatively high stocking rates to 

secure high gross margins ha
-1

. Thus this study found that increasing stocking rate (and the 

higher associated fertiliser and feed imports required to support higher grass production) can 

be achieved without considerably affecting N or P surpluses, due to good fertiliser and feed 

management and high NUE (Ramírez and Reheul, 2009; Mihailescu et al., 2014). For mixed 

livestock, optimal benchmark farms are characterised by relatively low stocking rates 

compared to poorer performers but relatively high N exports in milk, crops and livestock. 

The importance of tillage as a component of these systems suggests that there may be 

advantages in nutrient cycling and efficiencies to mixed crop-livestock systems, as has been 

found elsewhere (Godinot et al., 2014; Schröder et al., 2003; Wilkins, 2008). 

 

3.2.3 Farm size 

 

Farm size (UAA) has been found to have a positive effect on production intensity and 

efficiency (Latruffe et al., 2008; Dolman et al., 2014), although not in all studies (e.g. 

Buckley and Carney, 2013). Results from this study show a mixed picture. Larger farm size 

tended to be associated with higher N balances for dairy, mixed livestock and tillage sectors 

(due to larger fertiliser inputs), whereas sheep farms showed the opposite trend and 

suckler/non-suckler cattle showed no trend (Tables 4 and 5). Farm size was larger, on 

average, for optimal N benchmark farms than that of the poorest performers (76-100
th

 

percentile) for suckler/non-suckler and mixed livestock farm types. For optimal sheep and 

tillage farms, UAA was approximately the same as the poor performers for N, whereas 

optimal dairy farms were smaller, suggesting that, for dairy farms, smaller land size 

encourages intensification in output per ha and higher N-NUE. It may also reflect an 
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association between larger farm size and poorer soil land use potential (Table 4). For P, larger 

farm UAA size was associated with lower P balances for suckler/non-suckler cattle, whilst 

other farm types showed no consistent trend (Table 5). With regards to P benchmarks, dairy, 

suckler and non-suckler cattle farms had larger farm sizes compared to the worst P balance 

performers, whereas P benchmarks of the other farm types had similar UAA sizes to the 

worst performers. This indicates that, in general, economies of scale do not appear to be as 

important as other factors in determining benchmark performance on a per ha basis. 

 

3.2.4 Soil group (land use potential) 

 

For all sectors, optimal N and P benchmark zone cohorts had higher land use potential soils 

compared to poorer performing groups (i.e. a lower mean soil class; 1 being wide land use 

potential and 6 being extremely limited land use; Table 1) except for sheep N. This shows the 

importance of soil quality/type as a key driver of productivity and validates the use of the soil 

classification system by Gardiner and Radford (1980) as a proxy for land use potential. 

However, in terms of N or P balance percentile alone (which doesn’t consider productivity or 

gross margins), no clear trend in soil class was found from the best performing to the worst 

performing cohorts. As other studies indicate the important influences of soil properties/types 

on nutrient balances (e.g. van Leeuwen et al., 2019), this suggests that using only three soil 

classes is too coarse, spatial variability in soil classes were not accounted for in each NFS 

farm, and/or individual farmer nutrient management decisions are more important than soil 

quality/land use potential in dictating nutrient management performance. 

 

3.3 Scenario analysis 
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Table 6 shows the estimated mean changes in farm KPIs for the three different benchmarking 

scenarios. It should be noted that Scenario 3 represents an extreme case of all non-benchmark 

farms achieving benchmark performance, and was run to illustrate the maximum potential 

improvements possible currently. This is not to suggest that this is a realistically or easily 

achievable scenario; factors beyond the control of the farmer, such as environmental, 

financial, and climatic limitations or farm fragmentation, may well prevent many farms from 

achieving the benchmarked level of performance. Workload, farmer age and health are also 

factors determining any changes in management that might be adopted on a farm. 

 

[Insert Table 6] 

 

3.3.1 Scenarios 1 and 2 (farm scale) 

 

For Scenario 1, in which all non-benchmark farms reach the next best performing zone 

(regression line) in their category, results for affected farms showed N surplus reductions of 

between -36.7 to -18.7 kg N ha
-1

 (dairy and sheep respectively), and N-NUE improvements 

of +3.3% (dairy) to +8.2% (tillage). Gross margins reduced in all sectors except mixed 

livestock, and for all sectors, although financial costs decreased, so did gross output. The N 

balance reductions were largely associated with reductions in fertiliser N use, and there was 

little change in N exports. For P, Scenario 1 resulted in relatively large mean P balance 

reductions for affected farms across all sectors, corresponding with moderate to high P-NUE 

increases, due to large reductions in P fertiliser. Gross margins increased for dairy, mixed 

livestock and sheep, but decreased for the other cattle sectors, and for all sectors, increases in 

total costs and direct costs were matched by the increases in gross output.  
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For Scenario 2, in which all farms with excessive nutrient surpluses (highest 10%) reach the 

next best performing zone (Q11-25), even greater reductions in N and P fertiliser use and 

balances were found across most sectors compared to Scenario 1, resulting in moderate to 

high increases in NUEs. For N, gross margins increased for mixed livestock and particularly 

sheep, but decreased for all other livestock sectors, whereas for P, gross margins increased 

markedly for dairy and non-suckler cattle and decreased markedly for all other sectors. 

Patterns of total costs, total direct costs and gross outputs were similar to those found in 

Scenario 1. 

 

3.3.2 Scenario 3 (farm scale) 

 

For the ambitious Scenario 3, in which all non-benchmark farms reach the optimal 

benchmark zone for their category, mean reductions in N surplus ranged from -12 to -35 kg N 

ha
-1

 (sheep and dairy farms respectively), which were similar to Scenario 1, and associated 

N-NUE increases of between +11% (dairy) to +28% (non-suckler cattle), which were much 

higher, indicating significant potential improvements overall (Table 6). This is principally 

due to a combination of reduced fertiliser N imports and increased N exports through 

agricultural produce. Results for N also indicate significant potential for improved gross 

margins across all sectors, ranging from +€428 ha
-1

 (suckler cattle) to +€919 ha
-1

 (dairy). 

This was because increases in total direct costs and total costs were far outweighed by the 

resulting increases in gross output. 

 

For P, Scenario 3 increased gross margins ranging from +€320 ha
-1

 for suckler cattle to 

+€1010 ha
-1

 for mixed livestock, as for all sectors, increases in total costs/direct costs were 

matched or outweighed by gross output increases. Scenario 3 increased P fertiliser and/or 
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feed inputs for all sectors, but as a result of greater increases in total P exports within 

agricultural produce, P surpluses decreased by a mean of 2.6, 0.6 and 0.5 kg P ha
-1

 for dairy, 

mixed livestock and non-suckler cattle, and increased P surpluses by approximately 1 kg ha
-1

 

for sheep and tillage (Table 6). The need for increased P inputs (and even overall surplus) for 

a period of time on many farms to optimise productivity and soil P concentrations should be 

guided by frequent soil sampling (S.I. No. 605 of 2017) and smart redistribution of P within 

the farm (Cassidy et al., 2019) to prevent development of excessive or deficient soil P 

concentrations, and may not be desirable on critical source areas (Thomas et al., 2016), at-

risk waterbody catchments or on some low intensity farms. There is thus the need to weigh-

up risks and priorities, environmental and economic, before deciding if a particular 

benchmark should be targeted within a particular catchment or farm. 

 

The results illustrate complex trade-offs between economic and environmental sustainability 

that need to be made. For dairy, for example, Scenarios 1 and 2 (which principally involve 

reductions in fertiliser imports) may lead to greater mean reductions in farm N and P surplus 

(environmental pressure) compared to Scenario 3, but with reductions in profitability when 

focusing on N management alone (unless combined with P reductions at the same time). 

However, to achieve the more substantial improvements in NUE and profitability associated 

with Scenario 3, it is necessary to focus both on optimisation of nutrient imports and nutrient 

exports, principally in milk, through numerous farm management factors discussed in section 

3.2.1 

 

3.3.3 Scenario 3 (national scale) 
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Scenario 3 led to a 31% decrease in the estimated national agricultural N surplus, from 

258,893 t to 179,108 t, indicating the significant potential for reducing nutrient source 

pressure through benchmarking (Table 7). The largest proportion of this potential decrease 

came from dairy (30%) and non-suckler cattle (29%), reflecting the large contribution of 

these two farm types to the aggregate N surplus (Fig. 8 and 9). Despite the large reductions in 

total surplus N from dairy, Scenario 3 would leave dairy even more dominant as the major 

source of surplus N source pressure, at 49% (Fig. 9), further highlighting the importance of 

addressing N surpluses in this sector. For P, Scenario 3 led to a 9% reduction in the estimated 

national agricultural P surplus, from 15,925 to 14,447 t yr
-1

 (Table 8), almost entirely due to 

dairy and non-suckler cattle reductions which offset increases in P surpluses from sheep, 

tillage and, to a lesser extent, suckler cattle. As a result, Scenario 3 would cause the source of 

the aggregate P surplus to be much more evenly distributed between sectors, with non-

suckler cattle the greatest contributor at 28% (Fig. 9). 

 

Estimated changes in N2O emissions following changes in N fertiliser use under Scenario 3 

were between +0.227 and -0.283 kg N2O-N ha
-1

 yr
-1

 (from tillage and non-suckler cattle 

respectively) (Table 6). On a national scale, this represents a reduction of 553 t N2O-N yr
-1

, 

mostly coming from non-suckler/suckler cattle and dairy farms (Fig. 10). This would equate 

to a reduction of 0.259 Mt CO2-eq, or 4.2% of total N2O emissions and 1.3% of total GHG 

emissions from the agricultural sector, nationally, based on 2016 emissions of 6.192 Mt CO2-

eq (EPA, 2018). These relatively moderate reductions in sectoral emissions reflect the fact 

that overall GHG emissions from the agricultural sector are strongly linked to livestock 

numbers, in particular via CH4 emissions from livestock and N2O emissions from dung and 

urine deposited by grazing cattle. Greater reductions could potentially be achieved if GHG 

emissions were included as a benchmark KPI. 
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[Insert Table 7] 

 

[Insert Table 8] 

 

[Insert Figure 8] 

 

[Insert Figure 9] 

 

[Insert Figure 10] 

 

4. Conclusions 

 

Modern agriculture is asked to produce more with less, whilst maintaining or enhancing 

environmental quality and ecosystem services. These competing demands present huge 

challenges. To reduce nutrient surpluses that contribute to diffuse pollution, nationally 

representative benchmarks of NBs and NUEs were established for Ireland using data from 

1446 NFS farms, representing a range of sectors, soil groups and production intensities. 

Benchmark farms were found to maximise production intensity, NUE and gross margins ha
-1

 

whilst keeping surpluses relatively low, by minimising excessive fertiliser and feed imports, 

based on farm characteristics explored in this study. The established benchmark targets could 

be used by farmers and policymakers to encourage improvements in nutrient management 

performance, reduce environmental losses and increase profitability, aiding national policy 

objectives for more sustainable agricultural production. 

 

Journal Pre-proof



Jo
ur

na
l P

re
-p

ro
of

 24 

5. Acknowledgements 

 

This study is part of the AgriBenchmark project, funded by the Environmental Protection 

Agency under the Sustainability research call (2015-SE-DS-7). We thank the farmers and 

Teagasc National Farm Survey staff for data, and Dr Andrew Parnell from University 

College Dublin for statistical support. 

 

6. References 

 

Aarts, H.F.M., Habekotté, B., van Keulen, H., 2000. Phosphorus (P) management in the ‘De 

Marke’ dairy farming system. Nutrient Cycling in Agroecosystems 56(3), 219-229. 

Adenuga, A.H., Davis, J., Hutchinson, G., Donnellan, T., Patton, M., 2018. Estimation and 

determinants of phosphorus balance and use efficiency of dairy farms in Northern Ireland: A 

within and between farm random effects analysis. Agricultural Systems, 164, 11-19. 

Bailey, J.S., 2016. Phosphorus Management for Sustainable Dairy Production, Steps to 

Sustainable Livestock- International Conference. Bristol, p. 51. 

Barnes, A.P., Moran, D., Topp, K., 2009. The scope for regulatory incentives to encourage 

increased efficiency of input use by farmers. Journal of Environmental Management 90(2), 

808-814. 

Battese, G.E., Coelli, T.J., 1995. A model for technical inefficiency effects in a stochastic 

frontier production function for panel data. Empirical Economics 20(2), 325-332. 

Beukes, P.C., Scarsbrook, M.R., Gregorini, P., Romera, A.J., Clark, D.A., Catto, W., 2012. 

The relationship between milk production and farm-gate nitrogen surplus for the Waikato 

region, New Zealand. Journal of Environmental Management 93(1), 44-51. 

Bia, B., 2015. Origin Green Sustainability Report 2015. Dublin. 

Journal Pre-proof



Jo
ur

na
l P

re
-p

ro
of

 25 

Breembroek, J.A., Koole, B., Poppe, K.J., Wossink, G.A.A., 1996. Environmental farm 

accounting: The case of the dutch nutrients accounting system. Agricultural Systems 51(1), 

29-40. 

Buckley, C., 2012. Implementation of the EU Nitrates Directive in the Republic of Ireland — 

A view from the farm. Ecological Economics 78(0), 29-36. 

Buckley, C., Carney, P., 2013. The potential to reduce the risk of diffuse pollution from 

agriculture while improving economic performance at farm level. Environmental Science & 

Policy 25(0), 118-126. 

Buckley, C., Wall, D.P., Moran, B., Murphy, P.N.C., 2015. Developing the EU Farm 

Accountancy Data Network to derive indicators around the sustainable use of nitrogen and 

phosphorus at farm level. Nutrient Cycling in Agroecosystems 102(3), 319-333. 

Buckley, C., Wall, D.P., Moran, B., O'Neill, S., Murphy, P.N.C., 2016a. Phosphorus 

management on Irish dairy farms post controls introduced under the EU Nitrates Directive. 

Agricultural Systems 142, 1-8. 

Buckley, C., Wall, D.P., Moran, B., O’Neill, S., Murphy, P.N.C., 2016b. Farm gate level 

nitrogen balance and use efficiency changes post implementation of the EU Nitrates 

Directive. Nutrient Cycling in Agroecosystems 104(1), 1-13. 

Burchill, W., Lanigan, G.J., Li, D., Williams, M., Humphreys, J., 2016. A system N balance 

for a pasture-based system of dairy production under moist maritime climatic conditions. 

Agriculture, Ecosystems & Environment 220, 202-210. 

Cassidy, R., Thomas, I.A., Higgins, A., Bailey, J. S., Jordan, P., 2019. A carrying capacity 

framework for soil phosphorus and hydrological sensitivity from farm to catchment scales. 

Science of the Total Environment, 687, 277-286. 

Cela, S., Ketterings, Q., Czymmek, K., Soberon, M., Rasmussen, C., 2014. Whole-Farm 

Nutrient Mass Balance Benchmarks for New York Dairies. 

Journal Pre-proof



Jo
ur

na
l P

re
-p

ro
of

 26 

Cela, S., Ketterings, Q.M., Czymmek, K., Soberon, M., Rasmussen, C., 2014. 

Characterization of nitrogen, phosphorus, and potassium mass balances of dairy farms in 

New York State. Journal of Dairy Science 97(12), 7614-7632. 

Cordell, D. and White, S., 2011. Peak phosphorus: clarifying the key issues of a vigorous 

debate about long-term phosphorus security. Sustainability 3, 2027-2049. 

Crosson, P., Rotz, C., O'kiely, P., O'Mara, F., Wallace, M., Schulte, R., 2007. Modeling the 

nitrogen and phosphorus inputs and outputs of financially optimal Irish beef production 

systems. Applied engineering in agriculture 23(3), 369-377. 

CSO, 2019. Statistical Yearbook of Ireland 2018. Crops, Livestock & Dairy. Available 

online: https://www.cso.ie/en/releasesandpublications/ep/p-syi/psyi2018/agri/cl/ (accessed 

05/07/19). 

DAFM, 2015. Food Wise 2025. Dublin, Ireland. 

Dalgaard, R., Halberg, N., Kristensen, I.S., Larsen, I., 2006. Modelling representative and 

coherent Danish farm types based on farm accountancy data for use in environmental 

assessments. Agriculture, Ecosystems & Environment 117(4), 223-237. 

Davidson, E.A., Suddick, E.C., Rice, C.W., Prokopy, L.S., 2015. More Food, Low Pollution 

(Mo Fo Lo Po): A Grand Challenge for the 21st Century. Journal of Environmental Quality 

44(2), 305-311. 

de Vries, W., Kros, J., Dolman, M.A., Vellinga, T.V., de Boer, H.C., Gerritsen, A.L., 

Sonneveld, M.P.W., Bouma, J., 2015. Environmental impacts of innovative dairy farming 

systems aiming at improved internal nutrient cycling: A multi-scale assessment. Science of 

The Total Environment 536, 432-442. 

Del Hierro, O., Artetxe, A., Pinto, M., 2005. Use of Agricultural Nitrogen balances to asses N 

pressure on 

ground and surface waters for Municipalities in the Basque 

Journal Pre-proof



Jo
ur

na
l P

re
-p

ro
of

 27 

Country, N management in agrosystems in relation to the Water Framework Directive. 

Proceedings of the 14th N Workshop. Maastricht, The Netherlands, p. 83. 

Diazabakana, A., Latruffe, L., Bockstaller, C., Desjeux, Y., Finn, J., Kelly, E., Ryan, M., 

Uthes, S., 2014. FLINT. A Review of Farm Level Indicators of Sustainability with a Focus 

on CAP and FADN. Wageningen University, The Hague, The Netherlands. 

Dillon, E.J., Hennessy, T., Buckley, C., Donnellan, T., Hanrahan, K., Moran, B., Ryan, M., 

2016. Measuring progress in agricultural sustainability to support policy-making. 

International Journal of Agricultural Sustainability 14(1), 31-44. 

Dolman, M.A., Sonneveld, M.P.W., Mollenhorst, H., de Boer, I.J.M., 2014. Benchmarking 

the economic, environmental and societal performance of Dutch dairy farms aiming at 

internal recycling of nutrients. Journal of Cleaner Production 73, 245-252. 

EEA, 2018. European waters- Assessment of status and pressures 2018. EEA Report No 

7/2018. 

EPA, 2018. Ireland’s Final Greenhouse Gas Emissions 1990-2016. 

FADN, 2013. Concept of FADN. Available online: 

http://ec.europa.eu/agriculture/rica/concept_en.cfm (accessed 21/02/17). 

FAO, 2012. Balanced feeding for improving livestock productivity: increase in milk 

production and nutrient use efficiency and decrease in methane emission. Food and 

Agriculture Organization of the United Nations. 

Ferris, C., McCoy, M., Patterson, D., Kilpatrick, D., 2010a. Effect of offering dairy cows 

diets differing in phosphorus concentration over four successive lactations: 2. Health, 

fertility, bone phosphorus reserves and nutrient utilisation. Animal 4(04), 560-571. 

Ferris, C., Patterson, D., McCoy, M., Kilpatrick, D., 2010b. Effect of offering dairy cows 

diets differing in phosphorus concentration over four successive lactations: 1. Food intake, 

milk production, tissue changes and blood metabolites. Animal 4(04), 545-559. 

Journal Pre-proof



Jo
ur

na
l P

re
-p

ro
of

 28 

Finneran, E., Crosson, P., O’Kiely, P., Shalloo, L., Forristal, P.D., Wallace, M., 2012. 

Economic modelling of an integrated grazed and conserved perennial ryegrass forage 

production system. Grass and Forage Science 67(2), 162-176. 

French, P., O'Brien, B., Shalloo, L., 2015. Development and adoption of new technologies to 

increase the efficiency and sustainability of pasture-based systems. Animal Production 

Science 55(7), 931-935. 

Gardiner, M.J., Radford, T., 1980. Soil associations of Ireland and their land use potential: 

explanatory bulletin to soil map of Ireland 1980. An Foras Taluntais. 

Godfray, H.C.J. and Garnett, T., 2014. Food security and sustainable intensification. 

Philosophical Transactions of the Royal Society of London B: Biological Sciences 369. 

Godinot, O., Carof, M., Vertès, F., Leterme, P., 2014. SyNE: An improved indicator to assess 

nitrogen efficiency of farming systems. Agricultural Systems 127, 41-52. 

Gourley, C., Powell, J., Dougherty, W., Weaver, D., 2007. Nutrient budgeting as an approach 

to improving nutrient management on Australian dairy farms. Animal Production Science 

47(9), 1064-1074. 

Halberg, N., van der Werf, H.M.G., Basset-Mens, C., Dalgaard, R., de Boer, I.J.M., 2005a. 

Environmental assessment tools for the evaluation and improvement of European livestock 

production systems. Livestock Production Science 96(1), 33-50. 

Halberg, N., Verschuur, G., Goodlass, G., 2005b. Farm level environmental indicators; are 

they useful? An overview of green accounting systems for European farms. Agriculture, 

Ecosystems & Environment 105(1–2), 195-212. 

Hanrahan, B.R., King, K.W., Williams, M.R., Duncan, E.W., Pease, L.A., LaBarge, G.A., 

2019. Nutrient balances influence hydrologic losses of nitrogen and phosphorus across 

agricultural fields in northwestern Ohio. Nutrient Cycling in Agroecosystems, 113(3), 231-

245. 

Journal Pre-proof



Jo
ur

na
l P

re
-p

ro
of

 29 

Hansen, B.G., Stokstad, G., Hegrenes, A., Sehested, E. and Larsen, S., 2005. Key 

performance indicators on dairy farms. Journal of International Farm Management 3: 1–15. 

Huhtanen, P., Nousiainen, J., Turtola, E., 2011. Dairy farm nutrient management model: 2. 

Evaluation of different strategies to mitigate phosphorus surplus. Agricultural Systems 

104(5), 383-391. 

Humphreys, J., Casey, I.A., Darmody, P., O’Connell, K., Fenton, O., Watson, C.J., 2008. 

Quantities of mineral N in soil and concentrations of nitrate-N in groundwater in four 

grassland-based systems of dairy production on a clay-loam soil in a moist temperate climate. 

Grass and Forage Science 63(4), 481-494. 

Ireland, G.o.N., 2010. Statutory rules of Northern Ireland. 2010 No. 411. Environmental 

protection, The Nitrates Action Programme Regulations (Northern Ireland) 2010. The 

Stationery Office Ltd., Belfast, Northern Ireland. 

Kelly, E., Latruffe, L., Desjeux, Y., Ryan, M., Uthes, S., Diazabakana, A., Dillon, E., Finn, 

J., 2018. Sustainability indicators for improved assessment of the effects of agricultural 

policy across the EU: Is FADN the answer? Ecological Indicators 89, 903-911. 

Kelly, E., Ryan, M., Finn, J., Hennessy, T., 2015. Farm-level indicators for evaluating 

sustainability and emerging new policy topics. https://www.flint-

fp7.eu/downloads/reports/FLINT%20WP1_%20D1%204.pdf (accessed 28/12/19). 

Kelly, E., Shalloo, L., Geary, U., Kinsella, A., Wallace, M., 2012. Application of data 

envelopment analysis to measure technical efficiency on a sample of Irish dairy farms. Irish 

Journal of Agricultural and Food Research, 63-77. 

Latruffe, L., Davidova, S., Balcombe, K., 2008. Application of a double bootstrap to 

investigation of determinants of technical efficiency of farms in Central Europe. Journal of 

Productivity Analysis 29(2), 183-191. 

Journal Pre-proof



Jo
ur

na
l P

re
-p

ro
of

 30 

Lewis, C., Rafique, R., Foley, N., Leahy, P., Morgan, G., Albertson, J., Kumar, S., Kiely, G., 

2013. Seasonal exports of phosphorus from intensively fertilised nested grassland 

catchments. Journal of Environmental Sciences 25(9), 1847-1857. 

Lohr, L., Park, T.A., 2007. Efficiency analysis for organic agricultural producers: The role of 

soil-improving inputs. Journal of Environmental Management 83(1), 25-33. 

Longphuirt, S.N., Mockler, E.M., O'Boyle, S., Wynne, C., Stengel, D.B., 2016. Linking 

changes in nutrient source load to estuarine responses: an Irish perspective, Biology and 

Environment: Proceedings of the Royal Irish Academy. JSTOR, pp. 1-17. 

Lynch, J., 2017. Comparing economic performance with greenhouse gas emissions and 

nitrogen surplus on Irish Farms, 91st Annual Conference of the Agricultural Economics 

Society. Royal Dublin Society, Dublin, Ireland. 

Lynch, J., 2018. Modelling the impact of new EFs on grassland fertiliser GHG emissions 

estimates from Irish dairy systems. European Grassland Federation 2018. Sustainable meat 

and milk production from grasslands. Cork, Ireland. 

Lynch, J., Donnellan, T., Finn, J.A., Dillon, E., Ryan, M., 2019. Potential development of 

Irish agricultural sustainability indicators for current and future policy evaluation needs. 

Journal of Environmental Management, 230, 434-445. 

Lynch, J., Hennessy, T., Buckley, C., Dillon, E., Donnellan, T., Hanrahan, K., Moran, B., 

Ryan, M., 2016c. Teagasc National Farm Survey 2015 Sustainability Report. Teagasc, 

Athenry, Co. Galway, Ireland. 

Macdonald, K.A., Penno, J.W., Lancaster, J.A.S., Roche, J.R., 2008. Effect of Stocking Rate 

on Pasture Production, Milk Production, and Reproduction of Dairy Cows in Pasture-Based 

Systems. Journal of Dairy Science 91(5), 2151-2163. 

Malano, H., Burton, M., Makin, I., 2004. Benchmarking performance in the irrigation and 

drainage sector: a tool for change. Irrigation and Drainage 53(2), 119-133. 

Journal Pre-proof



Jo
ur

na
l P

re
-p

ro
of

 31 

McAleer, E.B., 2017. Nitrogen Attenuation along Delivery Pathways in Agricultural 

Catchments. Trinity College Dublin. 

McDonald, N., Watson, C., Laughlin, R., Lalor, S., Grant, J., Wall, D., 2014. Soil tests for 

predicting nitrogen supply for grassland under controlled environmental conditions. The 

Journal of Agricultural Science 152(S1), 82-95. 

McDonald, N.T., Watson, C.J., Lalor, S.T., Laughlin, R.J., Wall, D.P., 2014. Evaluation of 

soil tests for predicting nitrogen mineralization in temperate grassland soils. Soil Science 

Society of America Journal 78(3), 1051-1064. 

McGuckin, S.O., 2000. Modelling phosphorus losses from agricultural catchments to surface 

waters, using a GIS. Queen’s University, Belfast. 

McGuckin, S.O., Jordan, C., Smith, R.V., 1999. Deriving phosphorus export coefficients for 

corine land cover types. Water Science and Technology 39(12), 47-53. 

McLellan, E.L., Cassman, K.G., Eagle, A.J., Woodbury, P.B., Sela, S., Tonitto, C., 

Marjerison, R.D., van Es, H.M., 2018. The nitrogen balancing act: tracking the environmental 

performance of food production. BioScience, 68(3), 194-203. 

Melland, A.R., Mellander, P.E., Murphy, P.N.C., Wall, D.P., Mechan, S., Shine, O., Shortle, 

G., Jordan, P., 2012. Stream water quality in intensive cereal cropping catchments with 

regulated nutrient management. Environmental Science & Policy 24(0), 58-70. 

Mellander, P.-E., Jordan, P., Melland, A.R., Murphy, P.N., Wall, D.P., Mechan, S., Meehan, 

R., Kelly, C., Shine, O., Shortle, G., 2013. Quantification of phosphorus transport from a 

karstic agricultural watershed to emerging spring water. Environ. Sci. Technol. 47, 6111-

6119. 

Mellander, P.-E., Jordan, P., Shore, M., Mcdonald, N.T., Wall, D.P., Shortle, G., Daly, K., 

2016. Identifying contrasting influences and surface water signals for specific groundwater 

phosphorus vulnerability. Sci. Total Environ. 541, 292-302. 

Journal Pre-proof



Jo
ur

na
l P

re
-p

ro
of

 32 

Mellander, P.-E., Jordan, P., Shore, M., Melland, A.R., Shortle, G., 2015. Flow paths and 

phosphorus transfer pathways in two agricultural streams with contrasting flow controls. 

Hydrol. Process. 29, 3504-3518. 

Mihailescu, E., Murphy, P.N.C., Ryan, W., Casey, I.A., Humphreys, J., 2014. Nitrogen 

balance and use efficiency on twenty-one intensive grass-based dairy farms in the South of 

Ireland. The Journal of Agricultural Science 152(5), 843-859. 

Mihailescu, E., Ryan, W., Murphy, P.N.C., Casey, I.A., Humphreys, J., 2015. Economic 

impacts of nitrogen and phosphorus use efficiency on nineteen intensive grass-based dairy 

farms in the South of Ireland. Agricultural Systems 132, 121-132. 

Mockler, E.M., Deakin, J., Archbold, M., Gill, L., Daly, D., Bruen, M., 2017. Sources of 

nitrogen and phosphorus emissions to Irish rivers and coastal waters: Estimates from a 

nutrient load apportionment framework. Science of The Total Environment 601-602, 326-

339. 

Monaghan, R.M., Hedley, M.J., Di, H.J., McDowell, R.W., Cameron, K.C., Ledgard, S.F., 

2007. Nutrient management in New Zealand pastures— recent developments and future 

issues. New Zealand Journal of Agricultural Research 50(2), 181-201. 

Morton, K.M., 1999. Lough Derg and Lough Ree Catchment Monitoring Management 

System – Management Proposals. Prepared on behalf of Lough Derg and Lough Ree 

Catchment Monitoring Management System, Athlone, Co. Roscommon. 

Mu, W., van Middelaar, C.E., Bloemhof, J.M., Oenema, J., de Boer, I.J.M., 2016. Nutrient 

balance at chain level: a valuable approach to benchmark nutrient losses of milk production 

systems. Journal of Cleaner Production 112, Part 4, 2419-2428. 

Murphy, P.N.C., Mellander, P.-E., Melland, A., Buckley, C., Shore, M., Shortle, G., Wall, D., 

Treacy, M., Shine, O., Mechan, S., 2015. Variable response to phosphorus mitigation 

Journal Pre-proof



Jo
ur

na
l P

re
-p

ro
of

 33 

measures across the nutrient transfer continuum in a dairy grassland catchment. Agriculture, 

Ecosystems & Environment 207, 192-202. 

Naeringen, G., 2011. Focus on Nutrrients, 10 years– a decade of advice benefiting agriculture 

and the environment. Greppa Näringen, Alnarp, Sweden. 

Neeteson, J.J., Schröder, J.J., Hassink, J., 2001. Environmental pressures and national 

environmental legislation with respect to nutrient management: The Netherlands. In: De 

Clercq, P., Gertsis, A.C., Hofman, G., Jarvis, S.C., Neeteson, J.J., Sinabell, F. (Eds.), Nutrient 

Management Legislation in European Countries. Ghent University, Department of Soil 

Management and Soil Care, Ghent, pp. 283–293. 

Nevens, F., Verbruggen, I., Reheul, D., Hofman, G., 2006. Farm gate nitrogen surpluses and 

nitrogen use efficiency of specialized dairy farms in Flanders: Evolution and future goals. 

Agricultural Systems 88(2–3), 142-155. 

Nielsen, A.H., Kristensen, I.S., 2005. Nitrogen and phosphorus surpluses on Danish dairy and 

pig farms in relation to farm characteristics. Livestock Production Science 96(1), 97-107. 

O'Rourke, S.M., Foy, R.H., Watson, C.J., Ferris, C.P., Gordon, A., 2010. Effect of Varying 

the Phosphorus Content of Dairy Cow Diets on Losses of Phosphorus in Overland Flow 

Following Surface Applications of Manure All rights reserved. No part of this periodical may 

be reproduced or transmitted in any form or by any means, electronic or mechanical, 

including photocopying, recording, or any information storage and retrieval system, without 

permission in writing from the publisher. Journal of Environmental Quality 39(6), 2138-

2146. 

Öborn, I., Edwards, A.C., Witter, E., Oenema, O., Ivarsson, K., Withers, P.J.A., Nilsson, S.I., 

Richert Stinzing, A., 2003. Element balances as a tool for sustainable nutrient management: a 

critical appraisal of their merits and limitations within an agronomic and environmental 

context. European Journal of Agronomy 20(1–2), 211-225. 

Journal Pre-proof



Jo
ur

na
l P

re
-p

ro
of

 34 

Odongo, N.E., McKnight, D., KoekKoek, A., Fisher, J.W., Sharpe, P., Kebreab, E., France, 

J., McBride, B.W., 2007. Long-term effects of feeding diets without mineral phosphorus 

supplementation on the performance and phosphorus excretion in high-yielding dairy cows. 

Canadian Journal of Animal Science 87(4), 639-646. 

Oenema, J., van Ittersum, M., van Keulen, H., 2012. Improving nitrogen management on 

grassland on commercial pilot dairy farms in the Netherlands. Agriculture, Ecosystems & 

Environment 162, 116-126. 

Oenema, O., Kros, H., de Vries, W., 2003. Approaches and uncertainties in nutrient budgets: 

implications for nutrient management and environmental policies. European Journal of 

Agronomy 20(1–2), 3-16. 

Ondersteijn, C.J.M., Beldman, A.C.G., Daatselaar, C.H.G., Giesen, G.W.J., Huirne, R.B.M., 

2002. The Dutch Mineral Accounting System and the European Nitrate Directive: 

implications for N and P management and farm performance. Agriculture, Ecosystems & 

Environment 92(2–3), 283-296. 

Ondersteijn, C.J.M., Beldman, A.C.G., Daatselaar, C.H.G., Giesen, G.W.J., Huirne, R.B.M., 

2003a. Farm structure or farm management: effective ways to reduce nutrient surpluses on 

dairy farms and their financial impacts. Livestock Production Science 84(2), 171-181. 

Ondersteijn, C.J.M., Giesen, G.W.J., Huirne, R.B.M., 2003b. Identification of farmer 

characteristics and farm strategies explaining changes in environmental management and 

environmental and economic performance of dairy farms. Agricultural Systems 78(1), 31-55. 

Paillard, S., Treyer, S., Dorin, B., 2009. Agrimonde: Scenarios and Challenges for Feeding 

the World in 2050, Versailles, Quae. 

Powell, J.M., Gourley, C.J.P., Rotz, C.A., Weaver, D.M., 2010. Nitrogen use efficiency: A 

potential performance indicator and policy tool for dairy farms. Environmental Science & 

Policy 13(3), 217-228. 

Journal Pre-proof



Jo
ur

na
l P

re
-p

ro
of

 35 

Ramírez, E., Reheul, D., 2009. Statistical modelling of nitrogen use efficiency of dairy farms 

in Flanders. Agronomy for Sustainable Development 29(2), 339-352. 

Reay, D.S., Davidson, E.A., Smith, K.A., Smith, P., Melillo, J.M., Dentener, F., Crutzen, P.J., 

2012. Global agriculture and nitrous oxide emissions. Nature Clim. Change 2(6), 410-416. 

Roberts, W.M., Gonzalez-Jimenez, J.L., Doody, D.G., Jordan, P., Daly, K., 2017. Assessing 

the risk of phosphorus transfer to high ecological status rivers: Integration of nutrient 

management with soil geochemical and hydrological conditions. Science of The Total 

Environment 589, 25-35. 

Ryan, M., Hennessy, T., Buckley, C., Dillon, E., Donnellan, T., Hanrahan, K., Moran, B., 

2016. Developing farm-level sustainability indicators for Ireland using the Teagasc National 

Farm Survey. Irish Journal of Agricultural and Food Research 55(2), 112-125. 

Ryan, W., Hennessy, D., Murphy, J.J., Boland, T.M., Shalloo, L., 2011. A model of nitrogen 

efficiency in contrasting grass-based dairy systems. Journal of Dairy Science 94(2), 1032-

1044. 

Schröder, J., Aarts, H., Van Middelkoop, J., Schils, R., Velthof, G., Fraters, B., Willems, W., 

2007. Permissible manure and fertilizer use in dairy farming systems on sandy soils in The 

Netherlands to comply with the Nitrates Directive target. European Journal of Agronomy 

27(1), 102-114. 

Schröder, J.J., Aarts, H.F.M., ten Berge, H.F.M., van Keulen, H., Neeteson, J.J., 2003. An 

evaluation of whole-farm nitrogen balances and related indices for efficient nitrogen use. 

European Journal of Agronomy 20(1–2), 33-44. 

Shore, M., Jordan, P., Melland, A.R., Mellander, P.-E., McDonald, N., Shortle, G., 2016. 

Incidental nutrient transfers: Assessing critical times in agricultural catchments using high-

resolution data. Science of The Total Environment 553, 404-415. 

Journal Pre-proof



Jo
ur

na
l P

re
-p

ro
of

 36 

Shore, M., Murphy, S., Mellander, P.-E., Shortle, G., Melland, A.R., Crockford, L., 

O'Flaherty, V., Williams, L., Morgan, G., Jordan, P., 2017. Influence of stormflow and 

baseflow phosphorus pressures on stream ecology in agricultural catchments. Science of The 

Total Environment 590-591, 469-483. 

S.I. No. 605, 2017. European Union (Good Agricultural Practice for Protection of Waters) 

Regulations 2017. S.I. No. 605 of 2017. Department of Environment, Heritage and Local 

Government, The Stationary Office, Dublin. 

Smith, R., Jordan, C., Annett, J., 2005. A phosphorus budget for Northern Ireland: inputs to 

inland and coastal waters. Journal of Hydrology 304(1), 193-202. 

Stott, K.J., Gourley, C.J.P., 2016. Intensification, nitrogen use and recovery in grazing-based 

dairy systems. Agricultural Systems 144, 101-112. 

Sutton, M.A., Oenema, O., Erisman, J.W., Leip, A., van Grinsven, H. and Winiwarter, W., 

2011. Too much of a good thing. Nature 472, 159-161. 

Svanbäck, A., McCrackin, M.L., Swaney, D.P., Linefur, H., Gustafsson, B.G., Howarth, 

R.W. and Humborg, C., 2019. Reducing agricultural nutrient surpluses in a large catchment–

Links to livestock density. Science of the Total Environment, 648, 1549-1559. 

Thomas, I.A., Jordan, P., Mellander, P.-E., Fenton, O., Shine, O., Ó hUallacháin, D., 

Murphy, P. N. C., 2016a. Improving the identification of hydrologically sensitive areas using 

LiDAR DEMs for the delineation and mitigation of critical source areas of diffuse pollution. 

Science of the Total Environment, 556, 276-290. 

Thomas, I.A., Mellander, P.-E., Murphy, P. N. C., Fenton, O., Shine, O., Djodjic, F., Jordan, 

P., 2016b. A sub-field scale critical source area index for legacy phosphorus management 

using high resolution data. Agriculture, Ecosystems & Environment, 233, 238-252. 

Journal Pre-proof



Jo
ur

na
l P

re
-p

ro
of

 37 

Treacy, M., Humphreys, J., Namara, K.M., Browne, R., Watson, C., 2008. Farm-gate 

nitrogen balances on intensive dairy farms in the south west of Ireland. Irish Journal of 

Agricultural and Food Research, 105-117. 

Ulén, B., Bechmann, M., Fölster, J., Jarvie, H.P., Tunney, H., 2007. Agriculture as a 

phosphorus source for eutrophication in the north-west European countries, Norway, Sweden, 

United Kingdom and Ireland: a review. Soil Use and Management 23, 5-15.Uwizeye, A., 

Gerber, P.J., Schulte, R.P.O., de Boer, I.J.M., 2016. A comprehensive framework to assess 

the sustainability of nutrient use in global livestock supply chains. Journal of Cleaner 

Production 129, 647-658. 

Valk, H., Metcalf, J.A., Withers, P.J.A., 2000. Prospects for Minimizing Phosphorus 

Excretion in Ruminants by Dietary Manipulation. Journal of Environmental Quality 29(1), 

28-36. 

Van Grinsven, H.J.M., Tiktak, A., Rougoor, C.W., 2016. Evaluation of the Dutch 

implementation of the nitrates directive, the water framework directive and the national 

emission ceilings directive. NJAS - Wageningen Journal of Life Sciences 78(Supplement C), 

69-84. 

van Leeuwen, M.M., van Middelaar, C.E., Oenema, J., van Dam, J.C., Stoorvogel, J.J., Stoof, 

C.R., de Boer, I.J., 2019. The relevance of spatial scales in nutrient balances on dairy farms. 

Agriculture, Ecosystems & Environment, 269, 125-139. 

van Middelkoop, J.C., van der Salm, C., Ehlert, P.A.I., de Boer, I.J.M., Oenema, O., 2016. 

Does balanced phosphorus fertilisation sustain high herbage yields and phosphorus contents 

in alternately grazed and mown pastures? Nutrient Cycling in Agroecosystems 106(1), 93-

111. 

Journal Pre-proof



Jo
ur

na
l P

re
-p

ro
of

 38 

Van Passel, S., Van Huylenbroeck, G., Lauwers, L., Mathijs, E., 2009. Sustainable value 

assessment of farms using frontier efficiency benchmarks. Journal of Environmental 

Management 90(10), 3057-3069. 

Wang, C., Liu, Z., Wang, D., Liu, J., Liu, H., Wu, Z., 2014. Effect of dietary phosphorus 

content on milk production and phosphorus excretion in dairy cows. Journal of Animal 

Science and Biotechnology 5(1), 23. 

Wilkins, R.J., 2008. Eco-efficient approaches to land management: a case for increased 

integration of crop and animal production systems. Philosophical Transactions of the Royal 

Society B: Biological Sciences 363(1491), 517-525. 

Withers, P., Peel, S., Mansbridge, R., Chalmers, A., Lane, S., 1999. Transfers of phosphorus 

within three dairy farming systems receiving varying inputs in feeds and fertilizers. Nutrient 

Cycling in Agroecosystems 55(1), 63-75. 

Wright, S., Mallia, C., 2008. The Dutch approach to the implementation of the nitrate 

directive: Explaining the inevitability of its failure. The Journal of Transdisciplinary 

Environmental Studies 7(2), 1-16. 

Wrzaszcz, W., Zegar, J.S., 2016. Economic sustainability of agricultural holdings in Poland 

in the context of their environmental impact. European Journal of Sustainable Development 

5(4), 497-508. 

Wu, Z., Satter, L.D., Blohowiak, A.J., Stauffacher, R.H., Wilson, J.H., 2001. Milk 

Production, Estimated Phosphorus Excretion, and Bone Characteristics of Dairy Cows Fed 

Different Amounts of Phosphorus for Two or Three Years1. Journal of Dairy Science 84(7), 

1738-1748. 

  

Journal Pre-proof



Jo
ur

na
l P

re
-p

ro
of

 39 

Declaration of interests 

 

☒ The authors declare that they have no known competing financial interests or personal 

relationships that could have appeared to influence the work reported in this paper. 

 

☐The authors declare the following financial interests/personal relationships which may be 
considered as potential competing interests:  
 

 

 

 

 

  

 

Journal Pre-proof



Jo
ur

na
l P

re
-p

ro
of

 40 

Figure captions 

 

Fig. 1 – Relationship between farm-gate P balances and farm-average soil Morgan P 

concentrations on Irish farms based on literature studies (predominantly dairy). The range 

and mid-point of agronomically optimum Morgan P concentrations for grassland soils (dotted 

and thick horizontal lines) are used to determine agronomically optimum (sustainable) farm-

gate P balances (see arrows). 

 

Fig. 2 – Relationship between total N export (production intensity) and farm-gate N balance 

(kg ha
-1

) for each sector for all data points. The zero farm-gate N balance (0 kg ha
-1

) is 

indicated as a purple line. Data points are colour coded according to gross margin (€ ha
-1

) 

percentile rankings. 

 

Fig. 3 – Relationship between total P export (production intensity) and farm-gate P balance 

(kg ha
-1

) for each sector for all data points. The zero farm-gate P balance (0 kg ha
-1

) is 

indicated as a purple line. Data points are colour coded according to gross margin (€ ha
-1

) 

percentile rankings. 

 

Fig. 4 – Relationship between total N exports (production intensity) and N balances (both in 

kg ha
-1

) for each sector and soil group (SG). Percentile regression lines of the relationship are 

plotted to indicate performance level and different benchmark zones. From top to bottom, 

these lines represent the 10th, 25th, 50th, 75th and 90th percentiles. Farms above the top line, 

Q10, are the bottom 10% of performers with the highest N surpluses, whereas farms below 

the bottom line, Q90, are the top 10% of performers with the lowest N surpluses. Data points 

are colour coded according to gross margin (€ ha
-1

) percentile rankings. Benchmark farms are 

identified as those with the lowest N balances for a given production intensity (points below 

the Q75 (75
th

 percentile) line), and optimal benchmark zone farms are those that also have the 

highest gross margins (blue or dark green points below the Q75 line). Data points with 

unsustainable N balances (below 0 kg ha
-1

) were removed prior to analysis. Tillage farms in 

SG3 did not have enough data points for benchmark analysis. 

 

Fig. 5 – Relationship between total P exports (production intensity) and P balances (both in 

kg ha
-1

) for each sector and soil group (SG). Percentile regression lines of the relationship are 

plotted to indicate performance level and different benchmark zones. From top to bottom, 

these lines represent the 10th, 25th, 50th, 75th and 90th percentiles. Farms above the top line, 

Q10, are the bottom 10% of performers with the highest P surpluses, whereas farms below 

the bottom line, Q90, are the top 10% of performers with the lowest P surpluses. Data points 

are colour coded according to gross margin (€ ha
-1

) percentile rankings. Benchmark farms are 

identified as those with the lowest P balances for a given production intensity (points below 

the Q75 (75
th

 percentile) line), and optimal benchmark zone farms are those that also have the 

highest gross margins (blue or dark green points below the Q75 line). Data points with 

unsustainable P balances (below 3 kg ha
-1

) were removed prior to analysis. Tillage farms in 

SG3 did not have enough data points for benchmark analysis. 

 

Fig. 6 – Current (2008–2015), and optimal benchmark zone mean farm-gate N balances (top) 

and P balances (bottom) for each sector. 

 

Fig. 7 – Illustration of how the benchmarking approach can be used by farmers and 

policymakers to improve nutrient management performance. Percentile regression lines act as 

zone-specific benchmark targets. For example, the circled farm located above the Q10 line 
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should be aiming to (1) reduce surpluses, (2) increase production intensity or (3) do both, 

until it reaches below the Q10 line. The ultimate aim is to (4) reach the optimal benchmark 

zone (gold) where benchmark farms with the lowest surpluses and highest gross margins ha
-1

 

are located (> 75
th

 percentile for each KPI, i.e. blue and dark green points below the Q75 

line). Policymakers could also use the Q10 regression line (highlighted in red) to set 

maximum permitted farm-gate surpluses for a given production intensity. 

 

Fig. 8 –Estimated national aggregate agricultural N surplus (top) and P surplus (bottom) for 

each sector currently and under benchmarking Scenario 3. 

 

Fig. 9 – Percentage of the estimated national aggregate agricultural N surplus (left) and P 

surplus (right) attributed to each farm type under benchmarking Scenario 3. 

 

Fig. 10 – Estimated change in national aggregate agricultural N2O emissions for each farm 

type from changes in fertiliser N use under benchmarking Scenario 3. 

Table 1 – Soil group classifications for NFS farms, from the National Soil Survey of Ireland 

(Gardiner and Radford, 1980). 

Soil 

group 

Soil class Soil class description 

1 Class 1 - wide 

use range 

Soils of wide use range have no limitations which cannot be overcome by normal 

management practices. 

1 Class 2 - 

moderately 

wide use 

range 

Moderately wide use-range refers to soils with minor limitations such as coarse 

texture, moderately high altitude, less favourable climatic conditions, somewhat 

shallow depth, hummocky topography and somewhat weak structure 

2 Class 3 - 

somewhat 

limited use 

range 

The somewhat limited use range category is used for soils with similar limitations to 

those of Class 2 but these are present to a greater degree. For example, soils with 

altitude limitations in this category usually occur between 150 m and 365 m, whereas 

those of the moderately wide use range with altitude limitations are at elevations 

mostly between 90 and 150 m 

2 Class 4 - 

limited use 

range 

Soils in this category- are generally unsuited to tillage but suited to a permanent 

grassland system. The predominant limitation is poor drainage 

3 Class 5 - very 

limited use 

range 

This class contains those soils whose agricultural potential is greatly restricted. They 

are widespread in the western and north-western regions, particularly in the mountain 

zones where high altitude and steep slopes are major limitations. 

3 Class 6 - 

Extremely 

limited use 

range 

This class contains soils in which agricultural potential is virtually non-existent. 

These are mostly mountain-top areas where steep slopes have contributed to the 

existence of very shallow soils with many boulders and rock outcrops. Because of 

these factors, the Burren, Co. Clare, has been included in this category although some 

extensive summer grazing is possible in the area. 
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Table 2 – In-stream total P losses measured in agricultural catchment monitoring studies in 

Ireland (values are the highest losses found within each study period). 
Land use Catchment Soil drainage class (soil type) Kg ha-1 

yr-1 

Reference 

Grassland Grassland D Karst 0.043 Mellander et al. (2013) 

Grassland Grassland D Karst 0.034 Shore et al. (2017) 

Grassland Lough Neagh Poorly drained 0.56 Jordan et al. (2007) 

Grassland Grassland C Poorly drained 0.57 Shore et al. (2017) 

Grassland Oona Poorly drained (Gleys, clay rich) 3.125 Jordan et al. (2005) 
Grassland Grassland B Poorly drained (Groundwater/Surface water 

gleys) 

0.541 Jordan et al. (2012) 

Grassland Grassland B Poorly drained (Groundwater/Surface water 
gleys) 

1.418 Mellander et al. (2015) 

Grassland Grassland B Poorly drained (Groundwater/Surface water 

gleys) 

0.99 Shore et al. (2017) 

Grassland Bellsgrove mini-catchment Poorly drained (Groundwater Gleys) 0.35 Kirk McClure Morton (1999) 

Grassland National subcatchments Poorly drained 0.25-0.5 Mockler et al. (2017) 

Grassland Clarianna Well drained (Grey Brown Podzol) 0.685 Jordan et al. (2005) 

Grassland Grassland A Well drained (Typical Brown Earths) 0.701 Jordan et al. (2012) 
Grassland Grassland A Well drained (Typical Brown Earths) 0.877 Mellander et al. (2016) 

Grassland Grassland A Well drained (Typical Brown Earths) 0.62 Shore et al. (2017) 

Grassland Grassland A Well drained (Typical Brown Earths) 1.56 Murphy et al. (2015) 

Grassland Dripsey Well-poorly drained (Brown Podzols) 2.658 Jordan et al. (2005) 
Grassland Nested Dripsey catchment, 

Co. Cork (17 ha) 

Well-poorly drained 2.61 Lewis et al. (2013) 

Grassland Nested Dripsey catchment, 

Co. Cork (211 ha) 

Well-poorly drained 2.48 Lewis et al. (2013) 

Grassland Nested Dripsey catchment, 
Co. Cork (1524 ha) 

Well-poorly drained 1.61 Lewis et al. (2013) 

Grassland Northern Ireland 50 

subcatchments 

Well-poorly drained 0.83 Smith et al. (2005); 

McGuckin et al. (1999); 

McGuckin (2000) 

Grassland 

and tillage 

Arable A and B, Grassland 

A, B and C 

Well-poorly drained 0.76 

(0.28-

1.17) 

Shore et al. (2016) 

Grassland 
and tillage 

National scale Well-poorly drained 0.5 Ulén et al. (2007) 

Tillage Arable A Well drained (Typical Brown Earths) 0.175 Jordan et al. (2012) 

Tillage Arable A Well drained (Typical Brown Earths) 0.42 Melland et al. (2012) 
Tillage Arable A Well drained (Typical Brown Earths) 0.521 Mellander et al. (2016) 

Tillage Arable A Well drained (Typical Brown Earths) 0.619 Mellander et al. (2015) 

Tillage Arable A Well drained (Typical Brown Earths) 0.29 Shore et al. (2017) 

Tillage Arable B Well-poorly drained 0.785 Jordan et al. (2012) 
Tillage Arable B Well-poorly drained 0.83 Melland et al. (2012) 

Tillage Arable B Well-poorly drained 1.17 Shore et al. (2017) 

Tillage Northern Ireland 50 
subcatchments 

Well-poorly drained 4.88 Smith et al. (2005); 
McGuckin et al. (1999); 

McGuckin (2000) 
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Table 3 – Number of NFS farms and data points for each soil group within each sector 

(2008-2015), and number with minimum sustainable N balances (≥ 0 kg ha
-1

) or P balances 

(≥ 3 kg ha
-1

) used in the benchmarking analysis. The national population weightings (number 

of farms represented nationally) each sample represents are also indicated (combined from all 

years). 

 

All data  Minimum sustainable N balances Minimum sustainable P balances 

 Total 

data 

points 

Unique 

NFS 

farms  

National 

population 

weighting 

Total 

data 

points 

Unique NFS 

farms  

National 

population 

weighting 

% of total 

weighting 

Total 

data 

points 

Unique 

NFS 

farms  

National 

population 

weighting 

% of 

total 

weighting 

Dairy 1975 423 110,705 1936 415 108,134 97.7 1303 371 72,557 65.5 

Soil group 1 1134 244 62,452 1111 236 60,821 97.4 704 209 38,347 61.4 

Soil group 2 723 156 41,525 710 156 40,745 98.1 519 142 29,527 71.1 

Soil group 3 118 27 6,728 115 27 6,567 97.6 80 23 4,683 69.6 

Mixed livestock 581 210 37,500 568 204 36,309 96.8 338 142 20,900 55.7 

Soil group 1 346 125 18,615 335 120 17,462 93.8 193 83 9,655 51.9 

Soil group 2 191 70 15,611 189 69 15,573 99.8 124 51 10,287 65.9 

Soil group 3 44 17 3,273 44 17 3,273 100.0 21 9 958 29.3 

Suckler cattle 1329 372 146,557 1272 365 141,313 96.4 578 239 69,130 47.2 

Soil group 1 472 143 55,019 451 139 53,133 96.6 199 93 25,454 46.3 

Soil group 2 686 188 76,014 654 185 72,928 95.9 312 119 37,186 48.9 

Soil group 3 171 42 15,524 167 42 15,252 98.2 67 28 6,490 41.8 

Non-suckler cattle 1936 558 237,089 1859 547 228,126 96.2 961 371 122,286 51.6 

Soil group 1 1059 287 125,044 1014 283 119,780 95.8 528 191 64,120 51.3 

Soil group 2 704 227 90,670 679 221 87,854 96.9 347 146 46,034 50.8 

Soil group 3 173 49 21,375 166 48 20,493 95.9 86 38 12,132 56.8 

Sheep 936 231 111,057 857 215 99,763 89.8 360 132 45,148 40.7 

Soil group 1 331 89 40,643 300 83 37,145 91.4 153 55 19,277 47.4 

Soil group 2 330 78 39,477 313 76 37,760 95.7 146 50 17,781 45.0 

Soil group 3 275 68 30,938 244 60 24,858 80.3 61 29 8,091 26.2 

Tillage 569 137 40,414 490 128 34,611 85.6 260 102 19,831 49.1 

Soil group 1 492 119 35,300 416 112 29,733 84.2 221 90 17,733 50.2 

Soil group 2 77 18 5,114 74 16 4,878 95.4 39 12 2,098 41.0 

Soil group 3 0 0 0 0 0 0 0 0 0 0 0 

All 7326 1446 683,322 6982 1405 648,256 94.9 3800 1094 349,852 51.2 
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Table 4 – Mean farm characteristics and N imports/exports/KPIs for benchmark farms and 

poorer-performing percentiles for each farm sector. This information be used as a guide for 

improving nutrient management performance. 
Overall performance Optimal benchmark 

zone 

Benchmark Above 

average 

Below 

average 

Worst 

N balance percentile 76-100 91-

100 

76-90 51-75 26-50 11-25 1-10 

Gross margin percentile 76-100 1-100 1-100 1-100 1-100 1-100 1-100 

Sector Variable type Variable Unit        

Dairy Farm characteristics UAA ha 47.2 48.1 48.2 53.3 53.3 53.8 50.4 

  Stocking rate LU ha-1 2.2 1.5 1.7 1.8 1.9 2.0 2.1 

  Organic N loading kg ON ha-1 180.5 120.6 145.3 151.9 157.8 164.9 173.8 

  Milk production intensity l cow-1 5596.9 4700.8 5006.3 5093.4 5083.2 5117.8 5122.5 

  Milk production intensity l ha-1 8440.2 4612.5 5858.0 6255.3 6410.8 6556.0 7104.9 

  Soil class 1-6 2.1 2.1 2.6 2.4 2.2 2.2 2.4 

 N imports Fertiliser kg N ha-1 135.9 78.3 112.8 136.5 165.5 197.7 251.4 

  Concentrates kg N ha-1 36.1 20.8 29.5 35.4 37.8 41.2 51.9 

  Forage crops kg N ha-1 6.0 2.9 3.7 4.0 5.2 7.3 10.6 

  Livestock kg N ha-1 0.9 0.5 0.9 0.9 0.7 0.8 0.8 

  Total N imports kg N ha-1 178.9 102.4 146.9 176.8 209.3 247.0 314.7 

 N exports Milk kg N ha-1 45.1 24.0 30.8 32.7 33.1 33.8 34.8 

  Cash crops kg N ha-1 2.6 9.2 2.2 1.0 0.6 0.1 0.1 

  Livestock kg N ha-1 9.0 6.7 8.2 8.1 8.3 8.6 8.5 

  Wool kg N ha-1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 

  Total N exports kg N ha-1 56.8 39.9 41.2 41.8 42.1 42.5 43.4 

 KPIs N balance kg N ha-1 122.1 62.5 105.7 135.0 167.2 204.5 271.3 

  N use efficiency % 

(median) 30.7 36.5 27.6 23.4 20.0 17.2 13.8 

  Gross margin € ha-1 2733.8 1553.4 1815.3 1846.8 1841.9 1879.5 1909.0 

 Finances Fertiliser costs € ha-1 110.0 54.7 91.2 115.3 137.6 171.3 220.6 

  Concentrates costs € LU-1 200.8 175.4 206.2 241.5 243.9 257.5 266.1 

  Bulky feed costs € LU-1 18.6 13.3 14.2 19.5 20.5 28.1 22.0 

  Total direct costs € ha-1 1241.2 766.0 974.0 1119.5 1200.9 1322.6 1424.1 

  Total costs € ha-1 2227.8 1397.7 1744.6 1909.2 2063.7 2186.8 2346.9 

  Gross output € ha-1 3976.4 2319.4 2789.7 2966.3 3042.8 3202.0 3333.1 

 Population Number of NFS data points n 101 192 291 485 483 290 195 

  Proportion of national population weighting % 5.0 10.1 14.9 24.4 24.1 14.3 9.9 

Mixed livestock Farm characteristics UAA ha 83.1 42.2 55.7 53.5 56.9 58.3 59.9 

  Stocking rate LU ha-1 1.2 1.1 1.2 1.4 1.5 1.8 1.8 

  Organic N loading kg ON ha-1 94.7 63.1 75.9 107.9 117.4 140.5 133.3 

  Milk production intensity l cow-1 5344.3 1619.3 2259.0 3552.8 4208.8 4574.1 3751.4 

  Milk production intensity l ha-1 3240.6 783.4 1204.5 2286.9 2912.5 3189.8 3140.1 

  Soil class 1-6 2.0 2.6 2.7 2.6 2.8 2.3 2.0 

 N imports Fertiliser kg N ha-1 87.7 30.4 54.1 75.5 107.4 143.9 166.0 

  Concentrates kg N ha-1 15.1 7.8 10.8 22.4 27.7 31.5 35.7 

  Forage crops kg N ha-1 3.2 2.3 3.4 3.6 2.8 2.8 6.3 

  Livestock kg N ha-1 2.1 1.4 2.3 1.7 2.3 0.9 0.7 

  Total N imports kg N ha-1 108.2 42.0 70.5 103.2 140.2 179.1 208.7 

 N exports Milk kg N ha-1 16.8 3.9 6.1 11.5 14.6 15.6 15.1 

  Cash crops kg N ha-1 22.5 7.6 8.2 3.5 1.2 0.1 0.2 

  Livestock kg N ha-1 9.4 8.7 9.7 10.8 10.4 11.4 9.3 

  Wool kg N ha-1 0.1 0.6 0.7 0.2 0.1 0.1 0.0 

  Total N exports kg N ha-1 48.8 20.8 24.7 26.1 26.5 27.2 24.7 

 KPIs N balance kg N ha-1 59.4 21.2 45.9 77.1 113.7 152.0 184.0 

  N use efficiency % 

(median) 40.4 50.3 34.8 24.2 19.0 15.7 12.8 

  Gross margin € ha-1 1857.5 765.9 875.6 1098.0 1114.5 1238.5 1415.3 

 Finances Fertiliser costs € ha-1 47.7 14.1 41.7 59.1 85.3 117.6 122.6 

  Concentrates costs € LU-1 170.4 95.1 154.2 200.5 200.5 202.6 210.8 

  Bulky feed costs € LU-1 7.5 16.0 9.3 14.5 11.4 13.8 20.4 

  Total direct costs € ha-1 615.7 346.0 496.5 711.6 818.3 893.5 1120.8 

  Total costs € ha-1 1367.1 837.3 962.2 1272.8 1419.0 1539.1 1853.8 

  Gross output € ha-1 2473.2 1111.9 1372.1 1809.6 1932.8 2132.0 2536.1 

 Population Number of NFS data points n 15 55 85 143 142 86 57 

  Proportion of national population weighting % 1.6 13.4 15.6 27.3 18.9 13.7 7.9 

Suckler cattle Farm characteristics UAA ha 38.0 33.9 36.4 34.5 31.6 32.1 29.4 

  Stocking rate LU ha-1 1.2 0.9 0.9 1.0 1.1 1.3 1.3 

  Organic N loading kg ON ha-1 92.0 65.5 67.3 74.1 83.9 95.0 99.9 

  Soil class 1-6 2.5 3.2 2.8 3.0 3.1 3.0 2.7 

 N imports Fertiliser kg N ha-1 29.4 12.5 25.1 38.2 53.7 72.6 105.3 

  Concentrates kg N ha-1 6.7 4.5 4.6 5.5 7.4 9.2 9.0 

  Forage crops kg N ha-1 1.0 2.1 1.3 1.8 2.1 2.6 6.6 

  Livestock kg N ha-1 1.2 0.9 1.2 1.4 1.0 0.7 0.7 

  Total N imports kg N ha-1 38.3 20.1 32.2 46.9 64.1 85.2 121.6 

 N exports Milk kg N ha-1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

  Cash crops kg N ha-1 1.1 0.5 0.1 0.1 0.1 0.0 0.0 

  Livestock kg N ha-1 11.9 8.8 8.8 9.4 9.4 9.5 8.9 

  Wool kg N ha-1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 

  Total N exports kg N ha-1 13.0 9.4 9.0 9.6 9.5 9.5 8.9 

 KPIs N balance kg N ha-1 25.3 10.7 23.2 37.4 54.6 75.7 112.7 

  N use efficiency % 

(median) 31.0 45.9 27.0 19.6 14.1 10.7 7.2 

  Gross margin € ha-1 1075.4 614.4 665.2 652.7 685.0 695.0 675.5 

 Finances Fertiliser costs € ha-1 21.5 10.0 18.7 30.2 47.4 60.0 87.7 

  Concentrates costs € LU-1 71.0 72.9 68.9 73.7 85.2 95.8 89.2 

  Bulky feed costs € LU-1 5.7 18.5 12.3 14.4 14.5 15.1 19.5 

  Total direct costs € ha-1 332.2 235.0 269.4 311.5 381.7 434.9 516.7 

  Total costs € ha-1 819.7 560.2 606.5 683.6 789.6 857.9 1028.9 

  Gross output € ha-1 1407.4 849.3 934.6 964.3 1066.5 1129.8 1192.1 

 Population Number of NFS data points n 76 127 190 318 318 191 128 

  Proportion of national population weighting % 5.1 8.9 12.6 23.1 25.1 15.2 11.5 

Non-suckler 

cattle 

Farm characteristics UAA ha 

35.2 32.6 33.9 34.7 36.2 32.5 32.7 

  Stocking rate LU ha-1 1.3 0.9 1.1 1.2 1.4 1.5 1.7 

  Organic N loading kg ON ha-1 91.4 64.9 76.2 87.7 97.9 111.2 120.8 

  Soil class 1-6 2.5 2.6 2.6 2.6 2.7 2.5 2.5 

 N imports Fertiliser kg N ha-1 33.5 11.6 27.9 44.3 62.9 82.7 124.2 
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  Concentrates kg N ha-1 12.0 5.2 7.9 9.8 13.2 16.2 18.7 

  Forage crops kg N ha-1 3.6 1.8 1.6 1.7 2.9 4.4 7.8 

  Livestock kg N ha-1 14.3 7.2 8.8 8.1 7.0 6.5 6.3 

  Total N imports kg N ha-1 63.5 25.7 46.2 63.9 85.9 109.8 157.0 

 N exports Milk kg N ha-1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

  Cash crops kg N ha-1 3.7 1.7 1.6 1.6 1.5 0.7 0.7 

  Livestock kg N ha-1 26.2 13.9 16.7 16.4 16.3 16.6 16.4 

  Wool kg N ha-1 0.2 0.1 0.2 0.2 0.2 0.2 0.2 

  Total N exports kg N ha-1 30.2 15.6 18.4 18.2 18.0 17.5 17.4 

 KPIs N balance kg N ha-1 33.3 10.1 27.8 45.7 67.9 92.4 139.7 

  N use efficiency % 

(median) 44.7 58.0 36.5 24.9 18.4 14.6 11.1 

  Gross margin € ha-1 1239.2 625.5 692.0 765.1 801.4 798.9 847.8 

 Finances Fertiliser costs € ha-1 18.6 10.3 19.5 35.4 51.7 71.6 103.5 

  Concentrates costs € LU-1 119.9 74.8 97.4 103.0 123.8 132.9 149.0 

  Bulky feed costs € LU-1 13.3 9.6 8.9 7.6 11.3 18.7 20.4 

  Total direct costs € ha-1 409.8 234.1 309.1 377.0 469.6 572.1 689.0 

  Total costs € ha-1 884.2 520.6 672.8 787.0 936.4 1077.0 1244.4 

  Gross output € ha-1 1649.2 859.7 1001.1 1142.2 1271.0 1371.0 1536.7 

 Population Number of NFS data points n 84 182 281 466 464 279 187 

  Proportion of national population weighting % 4.4 9.9 14.4 24.0 22.8 15.3 9.9 

Sheep Farm characteristics UAA ha 33.2 42.5 61.1 51.9 40.0 35.7 32.0 

  Stocking rate LU ha-1 1.6 1.1 1.2 1.2 1.5 1.5 1.6 

  Organic N loading kg ON ha-1 84.9 58.3 61.8 65.9 79.9 80.1 79.1 

  Soil class 1-6 3.2 3.3 3.4 3.4 3.2 3.2 2.4 

 N imports Fertiliser kg N ha-1 27.2 14.1 22.6 31.3 45.4 60.7 80.7 

  Concentrates kg N ha-1 12.0 6.7 9.1 12.9 13.4 14.5 17.4 

  Forage crops kg N ha-1 2.8 1.6 1.9 1.7 2.5 3.5 8.8 

  Livestock kg N ha-1 6.5 3.1 3.8 3.6 2.8 2.1 2.2 

  Total N imports kg N ha-1 48.6 25.6 37.4 49.4 64.1 80.8 109.1 

 N exports Milk kg N ha-1 0.0 0.0 0.0 0.0 0.0 0.1 0.0 

  Cash crops kg N ha-1 3.0 2.8 2.1 0.9 0.3 0.2 0.1 

  Livestock kg N ha-1 18.5 10.7 12.1 13.2 12.9 12.8 12.8 

  Wool kg N ha-1 1.9 1.4 1.4 1.5 1.8 1.8 1.8 

  Total N exports kg N ha-1 23.3 15.0 15.6 15.6 15.0 14.8 14.7 

 KPIs N balance kg N ha-1 25.3 10.6 21.7 33.7 49.1 66.0 94.4 

  N use efficiency % 

(median) 47.2 64.5 40.9 30.1 22.8 17.9 13.5 

  Gross margin € ha-1 1315.3 802.5 710.6 736.7 857.5 840.7 693.9 

 Finances Fertiliser costs € ha-1 23.0 9.4 21.1 30.9 44.9 66.9 76.8 

  Concentrates costs € LU-1 85.7 74.1 92.1 123.9 112.9 126.0 136.7 

  Bulky feed costs € LU-1 9.6 14.0 13.0 10.4 12.4 18.0 21.6 

  Total direct costs € ha-1 350.5 215.3 282.0 354.2 418.6 475.8 546.8 

  Total costs € ha-1 868.7 578.7 607.6 709.7 852.3 991.8 1114.2 

  Gross output € ha-1 1665.8 1017.7 992.7 1090.9 1276.0 1316.5 1240.4 

 Population Number of NFS data points n 43 84 130 214 214 129 86 

  Proportion of national population weighting % 5.5 8.9 12.4 20.8 22.0 15.0 10.7 

Tillage Farm characteristics UAA ha 73.9 37.1 47.3 69.4 60.9 74.6 64.4 

  Stocking rate LU ha-1 0.2 0.1 0.2 0.4 0.6 1.0 0.9 

  Organic N loading kg ON ha-1 9.9 8.1 16.1 26.0 37.5 68.1 60.6 

  Soil class 1-6 1.4 1.4 1.5 1.7 1.7 1.8 1.7 

 N imports Fertiliser kg N ha-1 121.6 80.7 90.8 105.6 121.2 123.0 149.7 

  Concentrates kg N ha-1 1.9 0.5 1.6 3.0 4.3 7.8 12.3 

  Forage crops kg N ha-1 0.8 0.7 1.0 2.0 2.7 3.8 5.1 

  Livestock kg N ha-1 0.7 0.6 1.6 2.2 3.0 9.3 11.2 

  Total N imports kg N ha-1 125.0 82.5 95.0 112.8 131.2 143.9 178.3 

 N exports Milk kg N ha-1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

  Cash crops kg N ha-1 110.8 74.1 73.6 76.3 68.8 52.5 62.7 

  Livestock kg N ha-1 3.7 1.5 3.7 5.0 7.2 15.4 18.0 

  Wool kg N ha-1 0.1 0.0 0.1 0.2 0.3 0.1 0.1 

  Total N exports kg N ha-1 114.6 75.6 77.4 81.4 76.2 68.0 80.7 

 KPIs N balance kg N ha-1 10.5 6.9 17.6 31.4 54.9 75.9 97.7 

  N use efficiency % 

(median) 92.1 91.9 79.9 69.9 57.1 49.4 43.9 

  Gross margin € ha-1 1572.8 897.5 880.0 977.3 894.9 1208.9 1142.1 

 Finances Fertiliser costs € ha-1 3.6 3.7 7.1 14.8 30.6 56.9 57.0 

  Concentrates costs € LU-1 91.5 24.4 44.6 81.1 77.3 93.4 156.1 

  Bulky feed costs € LU-1 3.0 1.8 3.4 5.2 18.7 5.8 5.1 

  Total direct costs € ha-1 610.9 458.2 510.2 577.7 635.2 619.4 759.1 

  Total costs € ha-1 1296.7 816.2 917.3 1108.4 1222.2 1330.5 1375.5 

  Gross output € ha-1 2183.6 1355.6 1390.9 1555.0 1529.5 1827.8 1901.1 

 Population Number of NFS data points n 29 50 72 122 124 72 50 

  Proportion of national population weighting % 5.2 11.4 15.3 18.8 20.5 11.1 8.6 
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Table 5 – Mean farm characteristics and P imports/exports/KPIs for benchmark farms and 

poorer-performing percentiles for each farm sector. This information be used as a guide for 

improving nutrient management performance. 
Overall performance Optimal benchmark 

zone 

Benchmark Above 

average 

Below 

average 

Worst 

P balance percentile 76-100 91-

100 

76-90 51-75 26-50 11-25 1-10 

Gross margin percentile 76-100 1-100 1-100 1-100 1-100 1-100 1-100 

Sector Variable type Variable Unit        

Dairy Farm characteristics UAA ha 53.9 47.8 52.8 51.5 53.0 53.0 50.5 

  Stocking rate LU ha-1 2.2 1.8 1.8 1.8 1.9 1.9 1.9 

  Organic N loading kg ON ha-1 183.9 146.2 150.9 151.4 156.3 158.0 158.2 

  Milk production intensity l cow-1 5691.4 4943.2 4919.8 5063.5 5086.2 5111.8 5085.5 

  Milk production intensity l ha-1 8269.8 5818.1 5726.8 6111.4 6360.4 6509.8 6644.7 

  Soil class 1-6 1.8 2.3 2.5 2.4 2.4 2.6 2.5 

 P imports Fertiliser kg P ha-1 6.6 5.1 6.0 8.1 11.0 15.3 22.0 

  Concentrates kg P ha-1 8.2 6.5 6.6 6.9 7.5 8.0 10.9 

  Forage crops kg P ha-1 1.2 0.7 0.9 0.9 1.1 1.3 2.1 

  Livestock kg P ha-1 0.3 0.3 0.3 0.4 0.4 0.4 0.6 

  Total P imports kg P ha-1 16.3 12.6 13.8 16.3 19.9 25.0 35.6 

 P exports Milk kg P ha-1 7.4 5.2 5.0 5.4 5.6 5.8 5.9 

  Livestock kg P ha-1 4.1 3.4 3.6 3.5 3.2 3.2 3.0 

  Cash crops kg P ha-1 0.3 0.5 0.4 0.3 0.2 0.2 0.0 

  Wool kg P ha-1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

  Total P exports kg P ha-1 11.8 9.0 9.0 9.2 9.0 9.1 9.0 

 KPIs P balance kg P ha-1 4.5 3.5 4.8 7.1 10.9 15.9 26.6 

  P use efficiency % 

(median) 71.9 70.3 63.5 55.0 44.6 35.7 26.0 

  Gross margin € ha-1 2698.3 1751.0 1772.7 1774.9 1784.5 1780.1 1699.7 

 Finances Fertiliser costs € ha-1 159.8 106.5 114.4 128.4 147.4 176.3 181.9 

  Concentrates costs € LU-1 244.5 225.9 238.0 236.9 262.6 276.4 315.9 

  Bulky feed costs € LU-1 23.2 16.9 17.8 18.4 23.9 29.2 30.1 

  Total direct costs € ha-1 1586.0 999.2 1195.1 1162.2 1394.7 1457.1 1626.0 

  Total costs € ha-1 2807.9 1777.3 2127.6 2008.0 2345.6 2395.9 2643.0 

  Gross output € ha-1 4532.0 2709.5 3167.0 2998.1 3373.5 3402.5 3725.0 

 Population Number of NFS data points n 89 129 198 323 327 195 131 

  Proportion of national population weighting % 4.2 6.9 9.7 16.1 16.5 9.7 6.6 

Mixed livestock Farm characteristics UAA ha 57.9 62.5 48.7 66.0 50.6 53.0 60.6 

  Stocking rate LU ha-1 2.2 1.4 1.4 1.6 1.6 1.6 1.6 

  Organic N loading kg ON ha-1 177.1 93.5 102.7 119.5 122.8 118.9 116.8 

  Milk production intensity l cow-1 5226.7 2897.1 3322.7 4173.3 4174.3 3979.6 3601.0 

  Milk production intensity l ha-1 5558.3 2043.0 2315.6 2612.8 2860.2 2626.1 3227.3 

  Soil class 1-6 2.1 2.2 2.9 2.2 2.6 2.6 2.5 

 P imports Fertiliser kg P ha-1 4.6 4.6 5.6 7.5 9.0 12.5 17.5 

  Concentrates kg P ha-1 9.5 3.8 4.0 5.1 6.2 5.5 7.0 

  Forage crops kg P ha-1 1.7 0.6 0.7 0.9 0.8 0.8 0.6 

  Livestock kg P ha-1 1.2 0.7 0.5 0.8 0.7 0.7 0.3 

  Total P imports kg P ha-1 16.9 9.6 10.8 14.2 16.7 19.5 25.5 

 P exports Milk kg P ha-1 4.9 1.8 2.0 2.3 2.5 2.3 2.8 

  Livestock kg P ha-1 7.0 3.6 4.0 4.7 4.7 4.2 3.5 

  Cash crops kg P ha-1 0.7 0.9 0.8 1.1 0.5 0.7 0.2 

  Wool kg P ha-1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

  Total P exports kg P ha-1 12.6 6.3 6.7 8.2 7.6 7.1 6.8 

 KPIs P balance kg P ha-1 4.4 3.3 4.1 6.0 9.0 12.4 18.7 

  P use efficiency % 

(median) 73.3 58.9 57.0 54.6 43.4 34.3 24.1 

  Gross margin € ha-1 2069.2 1035.2 1025.1 1149.4 1108.1 1008.0 1652.9 

 Finances Fertiliser costs € ha-1 134.3 52.7 63.4 72.2 88.5 97.1 120.9 

  Concentrates costs € LU-1 266.6 148.9 158.7 180.0 237.6 193.9 316.9 

  Bulky feed costs € LU-1 36.9 15.1 23.2 12.3 16.9 12.5 11.8 

  Total direct costs € ha-1 2337.6 839.7 890.1 1184.6 874.2 983.8 1497.6 

  Total costs € ha-1 3887.5 1507.2 1656.1 2175.9 1550.6 1731.2 2437.3 

  Gross output € ha-1 6344.7 2248.3 2416.1 3123.3 2128.7 2287.1 3360.2 

 Population Number of NFS data points n 22 32 52 84 87 50 33 

  Proportion of national population weighting % 2.0 5.6 7.9 11.5 15.5 9.3 5.9 

Suckler cattle Farm characteristics UAA ha 34.7 34.5 35.1 32.9 32.9 30.1 23.2 

  Stocking rate LU ha-1 1.3 1.0 1.0 1.2 1.1 1.1 1.2 

  Organic N loading kg ON ha-1 100.4 74.5 78.2 87.6 83.2 81.6 91.7 

  Soil class 1-6 2.5 2.9 2.9 2.9 3.2 2.6 3.0 

 P imports Fertiliser kg P ha-1 6.0 4.7 5.2 6.2 8.6 11.0 16.6 

  Concentrates kg P ha-1 1.7 1.3 1.4 1.6 1.5 1.6 1.8 

  Forage crops kg P ha-1 0.4 0.3 0.4 0.8 0.4 0.6 1.0 

  Livestock kg P ha-1 0.4 0.3 0.4 0.4 0.8 0.4 0.3 

  Total P imports kg P ha-1 8.5 6.5 7.5 8.9 11.3 13.6 19.7 

 P exports Milk kg P ha-1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

  Livestock kg P ha-1 4.5 3.3 3.4 3.8 3.8 3.5 3.5 

  Cash crops kg P ha-1 0.2 0.0 0.1 0.0 0.0 0.0 0.0 

  Wool kg P ha-1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

  Total P exports kg P ha-1 4.7 3.3 3.5 3.8 3.9 3.6 3.5 

 KPIs P balance kg P ha-1 3.8 3.3 3.9 5.1 7.4 10.0 16.1 

  P use efficiency % 

(median) 53.3 46.8 43.8 39.7 31.1 24.8 17.8 

  Gross margin € ha-1 972.3 659.7 597.0 705.2 664.6 635.2 698.3 

 Finances Fertiliser costs € ha-1 56.6 38.4 39.0 48.5 60.3 62.8 82.4 

  Concentrates costs € LU-1 81.7 81.3 86.8 88.3 83.9 87.4 76.2 

  Bulky feed costs € LU-1 9.4 7.2 18.1 24.4 14.7 18.0 19.0 

  Total direct costs € ha-1 187.4 132.9 142.0 133.0 136.3 111.6 92.6 

  Total costs € ha-1 380.7 290.3 293.7 278.7 272.7 226.7 174.2 

  Gross output € ha-1 574.4 386.8 387.0 373.6 364.2 278.8 212.9 

 Population Number of NFS data points n 35 58 87 144 145 86 58 

  Proportion of national population weighting % 2.6 4.3 6.4 10.9 12.0 7.4 6.2 

Non-suckler 

cattle 

Farm characteristics UAA ha 

46.1 39.0 38.1 35.8 33.4 29.9 24.6 

  Stocking rate LU ha-1 1.6 1.2 1.3 1.3 1.4 1.5 1.6 

  Organic N loading kg ON ha-1 111.4 84.2 95.1 95.2 100.2 103.9 116.6 

  Soil class 1-6 2.1 2.7 2.6 2.5 2.7 2.6 2.8 

 P imports Fertiliser kg P ha-1 7.1 4.9 5.6 6.5 9.1 11.8 17.2 
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  Concentrates kg P ha-1 4.0 2.4 2.7 3.1 3.0 3.2 3.8 

  Forage crops kg P ha-1 0.8 0.4 0.6 0.4 0.4 1.2 1.8 

  Livestock kg P ha-1 5.2 2.8 2.8 3.6 3.3 3.1 3.1 

  Total P imports kg P ha-1 17.2 10.5 11.8 13.6 15.8 19.4 26.0 

 P exports Milk kg P ha-1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

  Livestock kg P ha-1 12.2 6.5 7.3 7.6 7.2 7.2 7.2 

  Cash crops kg P ha-1 1.0 0.6 0.3 0.3 0.3 0.4 0.3 

  Wool kg P ha-1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

  Total P exports kg P ha-1 13.1 7.2 7.6 8.0 7.6 7.5 7.5 

 KPIs P balance kg P ha-1 4.0 3.3 4.1 5.7 8.2 11.8 18.5 

  P use efficiency % 

(median) 72.9 60.3 58.2 51.1 43.5 35.3 26.2 

  Gross margin € ha-1 1280.7 707.1 763.3 827.8 775.6 748.2 678.5 

 Finances Fertiliser costs € ha-1 59.7 38.3 44.7 50.8 58.9 67.2 90.2 

  Concentrates costs € LU-1 162.1 121.2 130.9 134.3 128.0 141.1 141.1 

  Bulky feed costs € LU-1 18.9 6.6 19.2 8.8 11.0 17.6 32.4 

  Total direct costs € ha-1 457.7 253.6 223.4 214.2 216.9 196.3 161.2 

  Total costs € ha-1 784.0 467.1 421.6 397.4 389.0 353.0 270.7 

  Gross output € ha-1 1267.6 682.4 602.8 564.5 528.3 457.8 339.7 

 Population Number of NFS data points n 57 95 145 240 240 145 96 

  Proportion of national population weighting % 2.5 4.3 6.9 12.1 12.8 8.5 7.0 

Sheep Farm characteristics UAA ha 31.8 44.5 35.6 35.6 35.1 35.2 29.3 

  Stocking rate LU ha-1 1.8 1.5 1.4 1.6 1.5 1.5 1.6 

  Organic N loading kg ON ha-1 105.6 79.3 78.7 81.8 79.0 82.5 90.1 

  Soil class 1-6 2.7 3.0 2.9 2.8 2.8 3.0 3.1 

 P imports Fertiliser kg P ha-1 5.6 5.0 5.2 7.0 8.4 12.4 18.6 

  Concentrates kg P ha-1 4.9 3.1 3.0 3.1 2.9 3.5 3.4 

  Forage crops kg P ha-1 1.0 0.6 0.9 0.5 0.6 0.9 2.4 

  Livestock kg P ha-1 3.3 1.2 2.1 1.8 1.6 1.3 1.2 

  Total P imports kg P ha-1 14.9 10.0 11.2 12.4 13.5 18.1 25.5 

 P exports Milk kg P ha-1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

  Livestock kg P ha-1 9.8 6.0 6.3 6.1 5.5 5.4 5.7 

  Cash crops kg P ha-1 0.6 0.5 0.5 0.2 0.2 0.5 0.1 

  Wool kg P ha-1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

  Total P exports kg P ha-1 10.5 6.5 6.8 6.4 5.7 6.0 5.8 

 KPIs P balance kg P ha-1 4.4 3.5 4.4 6.0 7.8 12.1 19.7 

  P use efficiency % 

(median) 65.4 59.4 54.5 48.3 39.4 31.6 22.3 

  Gross margin € ha-1 1350.9 910.4 775.0 824.4 781.1 806.5 860.6 

 Finances Fertiliser costs € ha-1 46.8 40.0 41.4 57.7 53.6 67.5 85.3 

  Concentrates costs € LU-1 177.9 131.4 135.1 126.5 130.0 160.0 144.6 

  Bulky feed costs € LU-1 17.7 14.8 22.0 12.1 15.2 18.9 38.5 

  Total direct costs € ha-1 154.6 181.8 155.3 160.2 185.4 222.7 196.7 

  Total costs € ha-1 327.9 388.3 310.0 306.7 349.1 420.8 350.6 

  Gross output € ha-1 550.9 570.4 438.8 445.8 494.1 556.9 457.8 

 Population Number of NFS data points n 25 35 54 92 88 55 36 

  Proportion of national population weighting % 3.0 3.5 5.9 10.5 10.1 5.8 4.8 

Tillage Farm characteristics UAA ha 42.2 39.3 64.6 57.0 56.3 54.4 33.5 

  Stocking rate LU ha-1 0.5 0.5 0.6 0.5 0.5 0.6 0.8 

  Organic N loading kg ON ha-1 38.9 27.0 39.7 30.3 31.5 41.2 54.2 

  Soil class 1-6 1.4 1.5 1.8 1.5 1.5 1.5 1.8 

 P imports Fertiliser kg P ha-1 23.2 17.7 16.7 20.9 24.0 27.2 37.8 

  Concentrates kg P ha-1 0.7 0.8 1.3 0.7 0.8 1.1 1.0 

  Forage crops kg P ha-1 0.4 0.4 0.6 0.6 0.6 0.8 0.2 

  Livestock kg P ha-1 3.0 0.8 2.1 1.2 1.0 1.5 3.9 

  Total P imports kg P ha-1 27.2 19.6 20.6 23.4 26.5 30.5 43.0 

 P exports Milk kg P ha-1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

  Livestock kg P ha-1 5.2 2.2 4.0 2.5 2.4 3.4 5.8 

  Cash crops kg P ha-1 18.0 14.0 12.0 13.8 13.7 11.6 9.0 

  Wool kg P ha-1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

  Total P exports kg P ha-1 23.2 16.2 16.0 16.3 16.0 15.0 14.8 

 KPIs P balance kg P ha-1 4.0 3.5 4.7 7.1 10.4 15.5 28.2 

  P use efficiency % 

(median) 84.5 80.0 74.8 66.7 58.1 45.4 35.0 

  Gross margin € ha-1 1719.9 982.6 958.1 883.1 854.7 907.7 1342.0 

 Finances Fertiliser costs € ha-1 38.3 18.9 32.7 18.6 31.0 44.3 49.6 

  Concentrates costs € LU-1 128.2 104.4 143.2 64.0 65.5 86.6 50.6 

  Bulky feed costs € LU-1 1.8 21.4 5.3 8.7 12.1 13.9 2.6 

  Total direct costs € ha-1 491.0 394.2 675.0 560.6 645.4 621.1 437.5 

  Total costs € ha-1 1017.2 766.9 1323.3 1092.8 1177.3 1256.4 990.0 

  Gross output € ha-1 1627.4 1009.8 1833.7 1468.8 1488.0 1641.0 1069.0 

 Population Number of NFS data points n 12 26 40 63 65 39 27 

  Proportion of national population weighting % 2.3 5.7 5.8 10.3 12.1 7.6 7.5 
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Table 6 – Mean changes in N and P imports, exports and KPIs for each farm type if 

benchmark targets were met, for each scenario. Also indicated are potential changes to N2O 

emissions based on changes in N fertiliser use (using a 1.24% emissions factor). Results are 

for affected farms only in each scenario (farms in the optimal benchmark zone would not 

change in Scenario 3, and farms located below the Q75 or Q10 percentile regression lines 

would not change in Scenarios 1 and 2, respectively). 
    Scenario 1 Scenario 2 Scenario 3 

Sector Variable type Variable Unit N P N P N P 

Dairy Nutrient imports Fertiliser kg N or P ha-1 -30.3 -3.3 -53.9 -6.4 -20.3 -1.5 

  Concentrates kg N or P ha-1 -5.2 -0.8 -11.1 -2.9 +0.5 +1.4 

  Forage crops kg N or P ha-1 -1.4 -0.2 -4.0 -1.0 +0.5 +0.2 

  Livestock kg N or P ha-1 -0.0 -0.1 -0.1 -0.2 +0.1 -0.1 

  Total nutrient imports kg N or P ha-1 -37.0 -4.4 -69.1 -10.5 -19.1 +0.1 

 Nutrient exports Milk kg N or P ha-1 -1.3 -0.3 -1.5 -0.2 +13.4 +1.9 

  Cash crops kg N or P ha-1 +1.0 +0.2 +0.1 +0.2 +1.3 +0.0 

  Livestock kg N or P ha-1 -0.0 +0.2 +0.1 +0.3 +0.9 +0.8 

  Wool kg N or P ha-1 +0.0 +0.0 +0.0 +0.0 +0.0 +0.0 

  Total nutrient exports kg N or P ha-1 -0.3 +0.1 -1.3 +0.2 +15.6 +2.7 

 KPIs Nutrient balance kg N or P ha-1 -36.7 -4.5 -67.8 -10.7 -34.7 -2.6 

  Nutrient use efficiency % (median) +3.3 +8.8 +2.9 +9.1 +11.2 +13.5 

  Gross margin € ha-1 -9.0 +20.9 -35.4 +79.0 +919.3 +895.2 

 Finances Fertiliser costs € ha-1 -27.3 -17.8 -51.5 -6.7 -21.8 +28.4 

  Concentrates costs € LU-1 -16.4 -17.0 -11.1 -40.7 -29.4 +12.7 

  Bulky feed costs € LU-1 -3.1 -3.7 +4.0 -2.7 -1.6 +3.1 

  Total direct costs € ha-1 -116.8 +220.6 -124.4 +262.6 +110.1 +629.9 

  Total costs € ha-1 -156.2 +460.9 -178.9 +506.1 +291.6 +1191.0 

  Gross output € ha-1 -125.7 +680.5 -159.9 +686.9 +1031.0 +2098.3 

 Emissions N2O kg N2O ha-1 -0.376 N/A -0.669 N/A -0.252 N/A 

Mixed livestock Nutrient imports Fertiliser kg N or P ha-1 -15.1 -2.1 -13.9 -4.9 +9.1 -1.4 

  Concentrates kg N or P ha-1 -5.2 -0.2 +0.7 +0.0 -6.3 +4.8 

  Forage crops kg N or P ha-1 +0.1 +0.0 -3.1 +0.2 +0.7 +0.5 

  Livestock kg N or P ha-1 +0.3 +0.0 +0.3 +0.6 -0.1 +0.1 

  Total nutrient imports kg N or P ha-1 -19.9 -2.3 -15.9 -4.2 +3.4 +4.0 

 Nutrient exports Milk kg N or P ha-1 -1.0 +0.2 +3.3 +0.2 +5.2 +2.7 

  Cash crops kg N or P ha-1 +5.1 +0.4 +0.1 +0.4 +21.0 +0.1 

  Livestock kg N or P ha-1 +0.2 +0.2 +2.7 +1.2 -0.1 +1.9 

  Wool kg N or P ha-1 +0.1 +0.0 +0.1 +0.0 -0.2 +0.0 

  Total nutrient exports kg N or P ha-1 +4.4 +0.8 +6.0 +1.5 +25.8 +4.6 

 KPIs Nutrient balance kg N or P ha-1 -24.3 -3.1 -21.8 -5.7 -22.4 -0.6 

  Nutrient use efficiency % (median) +4.9 +7.3 +2.7 +6.9 +22.9 +10.7 

  Gross margin € ha-1 +24.4 +51.8 +13.1 -399.0 +845.5 +1010.4 

 Finances Fertiliser costs € ha-1 -15.1 -2.8 +0.7 -8.0 -12.7 +60.0 

  Concentrates costs € LU-1 -22.9 -17.5 +6.3 -77.6 -20.9 +90.2 

  Bulky feed costs € LU-1 -2.2 -0.4 -6.6 +0.4 -7.1 +12.0 

  Total direct costs € ha-1 -112.6 +985.4 -148.2 +890.7 -63.0 +2545.3 

  Total costs € ha-1 -127.9 +1827.0 -191.4 +1824.8 +154.0 +4002.0 

  Gross output € ha-1 -88.2 +2691.6 -135.1 +2247.7 +782.5 +6839.2 

 Emissions N2O kg N2O ha-1 -0.187 N/A -0.172 N/A +0.113 N/A 

Suckler cattle Nutrient imports Fertiliser kg N or P ha-1 -19.9 -2.7 -36.4 -5.9 -19.9 +1.0 

  Concentrates kg N or P ha-1 -1.2 -0.1 +0.2 -0.1 +0.4 +0.6 

  Forage crops kg N or P ha-1 -1.1 -0.2 -4.1 -0.4 -1.6 +0.2 

  Livestock kg N or P ha-1 +0.0 -0.1 +0.0 +0.1 +0.5 +0.1 

  Total nutrient imports kg N or P ha-1 -22.2 -3.0 -40.3 -6.3 -20.6 +1.9 

 Nutrient exports Milk kg N or P ha-1 +0.0 +0.0 +0.0 +0.0 +0.0 +0.0 

  Cash crops kg N or P ha-1 +0.1 +0.0 +0.0 +0.0 +1.2 +0.3 

  Livestock kg N or P ha-1 -0.5 -0.2 +0.0 -0.1 +3.3 +1.4 

  Wool kg N or P ha-1 +0.0 +0.0 +0.0 +0.0 +0.1 +0.0 

  Total nutrient exports kg N or P ha-1 -0.5 -0.2 +0.0 -0.1 +4.6 +1.7 

 KPIs Nutrient balance kg N or P ha-1 -21.7 -2.8 -40.4 -6.3 -25.2 +0.2 

  Nutrient use efficiency % (median) +5.1 +5.9 +3.2 +6.5 +20.7 -0.6 

  Gross margin € ha-1 -17.0 -47.1 -13.2 -86.8 +428.0 +319.6 

 Finances Fertiliser costs € ha-1 -18.7 -13.4 -32.6 -22.8 -22.3 +14.2 

  Concentrates costs € LU-1 -3.0 +7.3 +9.5 +16.7 -7.1 +10.9 

  Bulky feed costs € LU-1 -2.2 -0.6 -5.5 -2.7 -10.1 -2.1 

  Total direct costs € ha-1 -79.0 +80.7 -109.9 +64.6 -33.2 +188.4 

  Total costs € ha-1 -128.7 +169.2 -218.2 +145.9 +53.0 +353.0 

  Gross output € ha-1 -95.9 +231.6 -123.3 +172.1 +394.7 +545.9 

 Emissions N2O kg N2O ha-1 -0.247 N/A -0.452 N/A -0.247 N/A 

Non-suckler cattle Nutrient imports Fertiliser kg N or P ha-1 -20.4 -2.4 -39.7 -5.1 -22.8 +1.1 

  Concentrates kg N or P ha-1 -2.8 -0.1 -1.5 -0.2 +4.1 +1.9 

  Forage crops kg N or P ha-1 -1.1 -0.2 -4.4 -0.9 +4.3 +0.7 

  Livestock kg N or P ha-1 -0.0 -0.3 -0.5 -0.1 +11.2 +3.5 

  Total nutrient imports kg N or P ha-1 -24.4 -3.0 -46.1 -6.3 -3.2 +7.2 

 Nutrient exports Milk kg N or P ha-1 +0.0 +0.0 +0.0 +0.0 +0.0 +0.0 

  Cash crops kg N or P ha-1 +1.1 +0.2 +0.6 +0.4 +4.9 +1.1 

  Livestock kg N or P ha-1 -0.8 -0.1 -0.2 +0.0 +15.5 +6.6 

  Wool kg N or P ha-1 +0.0 +0.0 +0.0 +0.0 +0.0 +0.0 

  Total nutrient exports kg N or P ha-1 +0.2 +0.1 +0.5 +0.3 +20.4 +7.6 

 KPIs Nutrient balance kg N or P ha-1 -24.6 -3.2 -46.6 -6.6 -23.7 -0.5 

  Nutrient use efficiency % (median) +6.2 +6.9 +3.5 +9.8 +28.0 +9.4 

  Gross margin € ha-1 -57.5 +13.1 -35.9 +77.8 +526.1 +534.2 

 Finances Fertiliser costs € ha-1 -19.9 -9.2 -34.6 -21.6 -27.7 +16.2 

  Concentrates costs € LU-1 -13.1 +3.9 -7.4 +17.9 +24.7 +57.2 

  Bulky feed costs € LU-1 -1.7 -1.5 -4.4 -16.2 +16.7 +15.5 

  Total direct costs € ha-1 -101.4 +213.1 -124.0 +257.6 +55.9 +698.6 

  Total costs € ha-1 -167.3 +383.9 -188.1 +475.7 +108.6 +1089.2 

  Gross output € ha-1 -158.9 +557.7 -159.9 +640.5 +582.0 +1822.2 

 Emissions N2O kg N2O ha-1 -0.253 N/A -0.493 N/A -0.283 N/A 

Sheep Nutrient imports Fertiliser kg N or P ha-1 -15.3 -2.6 -21.3 -5.4 -7.9 +1.6 

  Concentrates kg N or P ha-1 -2.9 -0.2 -3.1 -0.2 +1.3 +2.6 

  Forage crops kg N or P ha-1 -1.3 -0.2 -5.7 -1.5 +1.9 +0.6 

  Livestock kg N or P ha-1 +0.1 +0.2 +0.1 +0.2 +5.2 +2.3 

  Total nutrient imports kg N or P ha-1 -19.5 -2.9 -30.0 -7.0 +0.5 +7.0 

 Nutrient exports Milk kg N or P ha-1 +0.0 +0.0 +0.1 +0.0 -0.0 +0.0 
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  Cash crops kg N or P ha-1 +1.0 +0.2 +0.2 +0.6 +4.1 +0.9 

  Livestock kg N or P ha-1 -1.5 +0.0 -0.6 -0.1 +7.9 +5.1 

  Wool kg N or P ha-1 -0.3 +0.0 -0.1 +0.0 +0.2 +0.0 

  Total nutrient exports kg N or P ha-1 -0.8 +0.2 -0.4 +0.5 +12.2 +6.0 

 KPIs Nutrient balance kg N or P ha-1 -18.7 -3.1 -29.6 -7.5 -11.7 +1.0 

  Nutrient use efficiency % (median) +7.0 +5.7 +3.6 +9.7 +24.2 +4.2 

  Gross margin € ha-1 -97.5 -41.3 +61.1 -67.3 +515.8 +567.7 

 Finances Fertiliser costs € ha-1 -17.5 -10.3 -16.4 -16.6 -15.8 +10.2 

  Concentrates costs € LU-1 -9.6 -3.0 -3.9 -1.3 -15.7 +68.2 

  Bulky feed costs € LU-1 -1.5 -3.2 -6.4 -22.8 +3.1 +3.8 

  Total direct costs € ha-1 -97.5 +102.1 -90.6 +175.1 +18.7 +70.9 

  Total costs € ha-1 -203.6 +201.1 -235.7 +336.5 +136.6 +176.9 

  Gross output € ha-1 -194.9 +295.9 -29.2 +465.6 +534.6 +356.8 

 Emissions N2O kg N2O ha-1 -0.190 N/A -0.264 N/A -0.098 N/A 

Tillage Nutrient imports Fertiliser kg N or P ha-1 -13.5 -5.2 -19.0 -10.4 +18.3 +4.6 

  Concentrates kg N or P ha-1 -1.5 +0.2 -3.6 +0.3 -1.8 +0.1 

  Forage crops kg N or P ha-1 -0.5 +0.2 -0.3 +0.9 -0.9 +0.1 

  Livestock kg N or P ha-1 -1.8 -0.2 -4.5 -2.4 -2.5 +1.2 

  Total nutrient imports kg N or P ha-1 -17.3 -5.0 -27.4 -11.6 +13.1 +6.1 

 Nutrient exports Milk kg N or P ha-1 +0.0 +0.0 +0.0 +0.0 +0.0 +0.0 

  Cash crops kg N or P ha-1 +5.5 +0.3 +2.7 +3.0 +39.4 +3.5 

  Livestock kg N or P ha-1 -2.5 +0.1 -4.9 -1.9 -2.2 +1.8 

  Wool kg N or P ha-1 +0.0 +0.0 +0.1 +0.0 -0.0 +0.0 

  Total nutrient exports kg N or P ha-1 +3.0 +0.4 -2.0 +1.1 +37.1 +5.3 

 KPIs Nutrient balance kg N or P ha-1 -20.3 -5.3 -25.4 -12.7 -24.0 +0.8 

  Nutrient use efficiency % (median) +8.2 +7.3 +6.1 +11.0 +23.3 -5.5 

  Gross margin € ha-1 -30.3 -60.1 -4.4 -350.9 +601.9 +630.3 

 Finances Fertiliser costs € ha-1 -13.7 -1.2 -11.5 +3.1 -18.3 +5.8 

  Concentrates costs € LU-1 -7.5 +35.0 -47.8 +53.2 +32.0 +116.7 

  Bulky feed costs € LU-1 -3.5 -1.8 +2.4 +6.5 -2.5 -5.0 

  Total direct costs € ha-1 -70.5 +284.4 -122.6 +533.1 -1.1 +128.1 

  Total costs € ha-1 -121.8 +538.7 -47.7 +978.4 +191.0 +341.9 

  Gross output € ha-1 -100.6 +781.9 -127.2 +1506.2 +600.7 +858.4 

 Emissions N2O kg N2O ha-1 -0.167 N/A -0.236 N/A +0.227 N/A 
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Table 7 - Estimated aggregate national agricultural N balances currently (2008-15) and 

following benchmark Scenario 3. Also estimated are changes to N2O emissions following 

changes to N fertiliser use. 
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Dairy 15,629 
51.4 

711,945 
20.

5 

156.

2 

111,21

0 

43.

0 
122.1 32,459 -34.7 

-

23,578 
87,632 

48.

9 
-21.2 29.6 -0.252 -171.2 

Mixed 

livestock 
5,304 

54.3 
254,395 7.3 87.6 22,287 8.6 59.4 6,323 -22.4 -5,557 16,730 9.3 -24.9 7.0 0.113 28.0 
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-
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20.
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17.

2 
40.9 24,372 9.4 25.3 25,164 -11.7 -6,675 17,697 9.9 -27.4 8.4 -0.098 -55.9 

Tillage 6,797 58.1 293,392 8.4 33.9 9,939 3.8 10.5 19,254 -24.0 -6,579 3,359 1.9 -66.2 8.2 0.227 62.2 

Total 90,638   
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Table 8 - Estimated aggregate national agricultural P balances currently (2008-15) and 

following benchmark Scenario 3. 
  Current (2008-15) Scenario 3 
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Dairy 15,629 51.4 711,945 20.5 7.0 4,994 31.4 4.5 31,604 -2.6 -1,769 3,225 22.3 -35.4 119.8 

Mixed 

livestock 
5,304 

54.3 
254,395 7.3 4.8 1,233 7.7 4.4 5,421 -0.6 -149 1,083 7.5 -12.1 10.1 

Suckler cattle 19,236 33.2 608,586 17.5 3.7 2,224 14.0 3.8 16,803 0.2 118 2,343 16.2 5.3 -8.0 

Non-suckler 

cattle 
29,165 

34.2 

1,014,04

3 
29.1 4.4 4,498 28.2 4.0 33,664 -0.5 -490 4,007 27.7 -10.9 33.2 

Sheep 14,508 42.9 595,688 17.2 3.4 2,033 12.8 4.4 13,388 1.0 582 2,615 18.1 28.6 -39.4 

Tillage 6,797 58.1 293,392 8.4 3.2 943 5.9 4.0 5,001 0.8 231 1,174 8.1 24.5 -15.6 

Total 90,638   
3,478,04

9 

100.

0   
15,925 

100.

0 
  105,881 -0.3 -1,477 14,447 

100.

0 
-9.3 100.0 
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Highlights 

 

 Benchmarks minimised surpluses and had highest gross margins and efficiencies 

 This was due to lower fertiliser/feed imports and more exports and livestock per ha 

 If benchmarks are met, 31% and 9% decrease in N and P surplus nationally 

 Focus on dairy and non-suckler cattle systems which dominate national surpluses 

 Identified excessive surpluses could be used by policy to set upper limits 
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