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Proposal for revision of Guidance Document for ammonia emission abatement


PROPOSAL FOR REVISION

GUIDANCE DOCUMENT FOR PREVENTING AND ABATING AMMONIA EMISSIONS FROM AGRICULTURAL SOURCES

1. 

Article 3, paragraph 8 (b) of the 1999 Protocol to Abate Acidification, Eutrophication and Ground-level Ozone requires each Party to “apply, where it considers it appropriate, best available techniques for preventing and reducing ammonia emissions, as listed in guidance document V (EB.AIR/1999/2, part V) adopted by the Executive Body at its seventeenth session (decision 1999/1)”, the updated guidance document (ECE/EB.AIR/WG.5/2007/13) and any amendments thereto. In line with the decision of the Executive Body in 2008 to establish a Task Force on Reactive Nitrogen (TFRN) aiming at  “developing technical and scientific information, and options which can be used for strategy development across the UNECE to encourage coordination of air pollution policies on nitrogen in the context of the nitrogen cycle and which may be used by other bodies outside the Convention in consideration of other control measures”  the Expert Panel on Mitigation of Agricultural Nitrogen (EPMAN) of the TFRN has updated the guidance document to provide an amended text.

INTRODUCTION

2. 

The purpose of this document is to provide guidance to the Parties to the Convention in identifying ammonia (NH3) control measures for reducing emissions from agricultural sources, taking account of the whole nitrogen cycle, and focusing on livestock feeding strategies. This guidance will facilitate the implementation of the Basic Obligations mentioned in Article 3, as regards NH3 Emission, and more specifically will contribute to the effective implementation of the measures listed in Annex IX, and to achieving the National NH3 Emission Ceilings listed in Table 3 (amended version of December 2005).
3. 

The document addresses the abatement of NH3 emissions produced by agricultural sources. Agriculture is the major source of NH3, chiefly from livestock excreta: in livestock housing: during manure storage, processing and application to land: and from excreta from animals at pasture. Emissions also occur from inorganic nitrogen (N) fertilizers following their application to land and from crops and crop residues, including grass silage. Emissions can be reduced through abatement measures in all the above areas. 

4. 

The first version of the Guidance document (EB.AIR/1999/2) provided general guidance on the abatement of NH3 emissions. The revised version ECE/EB.AIR/WG.5/2007/13) addressed also the abatement measures and techniques of NH3 emissions from livestock excreta in livestock housing, during manure storage, and following application to land. The current version aims at providing guidance on preventing and reducing ammonia emissions from agricultural sources especially through (i) nitrogen management, taking account of the whole nitrogen cycle, and (ii) livestock feeding strategies. These are the first two mentioned provisions of the Code of Good Agricultural Practice, as mentioned in Annex IX of the 1999 Protocol to Abate Acidification, Eutrophication and Ground-level Ozone (Gothenborg Protocol). 

5. 

The current document builds on further of the first version of the Guidance document (EB.AIR/1999/2) as regards to ‘nitrogen management’. It reflects the state of knowledge and experience about NH3 emissions control through nitrogen management and livestock feeding strategies as of early 2009. It will need to be updated and amended regularly, as this knowledge and experience continuously expand. It starts with a brief introduction to livestock production and developments, as effective emission abatement strategies have to take such developments into account.

LIVESTOCK PRODUCTION AND DEVELOPMENTS
6. 

The livestock sector is an important contributor to the global food and agricultural economy, accounting for 40 percent of the value of world agricultural output and providing 10-15 percent of total food calories and one-quarter of dietary protein. In most of the developing country regions it is the fastest growing segment of the agricultural sector. The livestock sector is increasingly expected to provide safe and plentiful food and fibre for growing urban populations, livelihoods for almost one billion poor producers as well as global public goods related to food security, environmental sustainability and public health (Geers and Madec, 2006; FAO, 2009). 

7. 

While livestock provides various useful functions to society and the global demand for dairy, meat and egg products continues to increase for the next decades, there is also increasing pressure on (intensive) livestock production systems to produce more environmental friendly. The livestock sector is a major land user globally and has been implicated for deforestation and biodiversity loss (Steinfeld et al., 2006; FAO, 2009; Mooney et al., 2009). It is also a main user of fresh water, mainly through animal feed production, while fresh water resources become scarce in some areas. Livestock production is a main source of atmospheric ammonia (NH3) and the greenhouse gases methane (CH4) and nitrous oxide (N2O). The emissions mainly originate from the nitrogen in manure of animals. Emissions of NH3 from livestock production are related to the type, number and genetic potential of the animals, the feeding and management of the animals, and to the technology of animal housing and manure management (Bouwman et al., 1997; Steinfeld et al., 2006; Oenema et al., 2008).
8. 

Livestock production systems can broadly be classified in (i) grazing systems, (ii) mixed systems and (iii) landless or industrial systems (e.g. Seré and Steinfeld, 1996). Grazing systems are entirely land-based systems, with stocking rates less than one livestock unit per ha. In mixed systems a significant part of the value of production comes from other activities than animal production while part of the animal feed often is imported. Industrial systems have stocking rates greater than 10 livestock units per ha and they depend primarily on outside supplies of feed, energy and other inputs. Less than 10% of the dry matter fed to animals is produced on the farm. Relevant indicators for livestock production systems are animal density in animals per ha (AU/ha) and kg milk/ha/year. A common and useful indicator for the pressure on the environment is the total N or P excretion of the livestock per ha per year (e.g., Menzi et al., 2009). 
9. 

In each livestock category, a distinction can be made between conventional and organic farming. Further, there is often a distinction between intensive and extensive systems, which may coincide with the distinction between conventional and organic farming, but not necessarily. Intensive livestock production systems are characterized by a high output of meat, milk, and eggs per unit of agricultural land and per unit of stock (i.e. livestock unit), which usually coincides with a high stocking density per unit of agricultural land. This is generally achieved by high efficiency in converting animal feed into animal products. Because of their capacity to rapidly respond to a growing demand, intensive livestock production systems now account for a dominant share of the global pork, poultry meat and egg production (respectively 56, 72 and 61 percent) and a significant share of milk production (Steinfeld et al., 2006; FAO, 2009).
9. 

Traditionally, most animal products consumed by humans were produced locally on the basis on locally produced animal feeds. Increasingly, many animal products consumed by humans in urban areas are produced on the basis of animal feeds imported from elsewhere. This holds especially for pig and poultry products. Thereby, areas of animal feed production and pig and poultry production become increasingly disconnected from the site of animal product consumption. This disconnection has been made possible through the development of transport infrastructure and the relatively low price of fossil energy; the shipment of concentrated feed is cheap relative to other production costs. Transportation of meat and egg products has also become cheaper. However, the uncoupling of animal feed production from animal production has major consequences for the proper disposal and management of animal manure (FAO, 2009; Mooney et al., 2009 and references therein).

10.

Increasingly, production chains are organized and regionally clustered in order to minimize production and delivery costs. Animal feed is the major input to livestock production, followed by labor, energy, water and services. Input costs vary substantially from place to place within countries as well as across continents. Access to technology and know-how is also unevenly distributed, as is the ability to respond to changing environments and to market changes. There are also institutional and cultural patterns that further affect production costs, access to technologies and transaction costs. The combination of these factors determines that livestock production systems become larger, specialized, and intensive (FAO, 2009; Mooney et al., 2009 and references therein).

11.

Livestock production systems are dynamic systems because of continuous developments and changes in technology, markets, transport and logistics. Such developments lead to changes in livestock production systems and in its institutional organization and geographical locations. Increasingly, livestock products become ‘global commodities’, and livestock production systems are producing in an ‘open’, highly competitive, global market. These developments are facilitated by the increasing demand for animal products because of the increasing urban population and the increasing consumption of animal products per capita, although there are large regional and continental differences. The additional demand for livestock products concentrates in urban centers. With high rates of consumption, rapid growth rates and a shift towards animal-derived foods, urban centers increasingly drive the sector. The retail, processing industry and suppliers of animal feed and technology greatly influence the sector, while the farmers, the livestock producers become increasingly dependent on the organization within the whole food chain (FAO, 2009;  Mooney et al., 2009 and references therein).
12. 
The rapid developments in livestock production systems have a strong effect on the emissions of NH3, N2O and CH4 from these systems to the atmosphere and of the leaching of N to waters. Emission abatement strategies have to take such developments into account and to anticipate on these developments, so as to making these strategies effective and efficient.
NITROGEN MANAGEMENT, 

TAKING ACCOUNT OF THE WHOLE NITROGEN CYCLE

13.

Management is commonly defined as ‘a coherent set of activities to achieve objectives’. This definition applies to all sectors of the economy, including agriculture.  Nitrogen management can be defined as ‘a coherent set of activities related to nitrogen use in agriculture to achieve agronomic and environmental/ecological objectives (e.g., Oenema and Pietrzak, 2002). The agronomic objectives relate to crop yield and quality, and animal performance. The environmental/ecological objectives relate to nitrogen losses from agriculture. The subordinate clause in the title ‘taking account of the whole nitrogen cycle’ emphasizes the need to consider all aspects of nitrogen cycling, also in ‘NH3 emissions abatement’, to be able to consider all objectives in a balanced way and to circumvent ‘pollution swapping’. 

14. 
The aforementioned concept of ‘nitrogen management,’ complies with the general definition of  'integrated nitrogen management strategy' as defined by the International Nitrogen Initiative (INI): ‘an holistic approach for managing reactive nitrogen (Nr) in the context of the nitrogen cascade recognizing all Nr anthropogenic creation and destruction mechanisms and all Nr uses. The strategy should take account of the synergies and trade-offs, whereby decreasing one problem related to nitrogen can result in other unintended environmental and societal consequences. By identifying relative priorities and assessing cost effective risks, the strategy should seek to maximize the benefits of Nr, while limiting overall adverse effects’. Reactive nitrogen (Nr) is hereby defined as all nitrogen species apart from di-nitrogen (N2) in the atmosphere and nitrogen locked up in rock and (deep sea) sediments (see: http://www.initrogen.org).
15. 
The ‘Nitrogen Cascade’ emphasizes that nitrogen has a sequence of effects as it cycles through the biosphere (Figure 1). The same atom of nitrogen can cause multiple effects in terrestrial ecosystems, in freshwater and marine systems, in the atmosphere, and on human health. Nitrogen does not cascade at the same rate through all systems; some systems have the ability to accumulate nitrogen temporarily, which leads to lag times in the continuation of the cascade. The only way to eliminate nitrogen accumulation and stop the cascade is to convert it back to nonreactive N2 (Galloway et al., 2003).
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Figure 1. The ‘Nitrogen Cascade’. Chiefly, ‘reactive’ nitrogen (N) enters agriculture via biologically and chemically fixed atmospheric N2 (upper left corner) and leaves agriculture in harvest products and via N losses to air, groundwater and surface waters. Thereby, it creates a sequence of ecological and human health effects. Through recycling, one atom of fixed N can exert these effects a number of times (after Sutton et al., 200?)
16.

The nitrogen cycle in agriculture involves a series of complex biogeochemical processes and transformations. These processes have to be understood at some level of detail to be able to manage nitrogen strategically. However, not all aspects of the nitrogen cycle can be managed equally well; some aspects are rather ‘unmanageable’ because of the complexity and the occurrence of natural driving forces (e.g. Smil, 2001; Hatfield and Follet, 2008). Nitrogen is a constituent of proteins (and enzymes) and involved in photosynthesis, euthrophication, acidification, and various oxidation-reduction processes. Through these processes, there is transfer of energy, protons and electrons, while nitrogen itself changes in form (species), reactivity and mobility. Main mobile forms are the gaseous forms di-nitrogen (N2), ammonia (NH3), nitrogen oxides (NO and NO2), and nitrous oxide (N2O), and the water soluble forms nitrate (NO3-), ammonium (NH4+) and dissolved organically bound nitrogen (DON). In organic matter, most nitrogen is in the form of amides, linked to organic carbon (R-NH2). Because of its mobility in both air and water, it is also called ‘double mobile’. 

17. 
Depending on the type of farming systems, N management at farm level involves a series of management activities in an integrated way, including:

· Fertilization of crops;
· Crop growth and crop residue management;

· Growth of catch crops;

· Grassland management;

· Soil cultivation, drainage and irrigation;

· Animal feeding;
· Herd management, including animal housing

· Manure management, including manure storage and application;
· Ammonia emissions abatement measures;

· Nitrate leaching and runoff abatement measures;

· Nitrous oxide emissions abatement measures; 
· Denitrification abatement measures ;

To be able to achieve high crop and animal production with minimal N losses, all activities have to be considered in an integrated and balanced way. 
18. 
Nitrogen is essential for plant growth. In crop production, it is often the most limiting nutrient, and therefore must be available in sufficient amount and in a plant-available form in soil to achieve optimum crop yields. Nitrogen is an essential constituent of amino acids in proteins in plants needed by humans and animals. Natural sources of nitrogen for plant growth are nitrogen fixing bacteria in soil and plant roots, soil organic matter, crop residues, atmospheric deposition, animal manure, composts and. These natural sources are often in short supply, limiting crop yields, and that is the reason that farmers apply inorganic nitrogen fertilizers. The fertilizer application rate depends on the nitrogen demand by the crop for optimum crop yield and quality and the supply of nitrogen by natural sources. Accurate prediction of the needed amount of nitrogen fertilizer is not easy; it requires site specific information of the supply of nitrogen by the natural sources and crop specific information about the nitrogen demand, which both depend on climatic conditions during the growing season (IFA, 2007). 

19. 
To avoid the excess or untimely N applications, guidelines for site-specific best nutrient management practices should be adhered to, including: 

· Nutrient management planning and record keeping, for all essential nutrients; 

· Calculation of the total N requirement by the crop on the basis of realistic estimates of yield goals, N content in the crop and N uptake efficiency by the crop;

· Estimation of the total N supply from indigenous sources, using accredited

· methods: 

· mineral N in the upper soil layers at planting stage (by soil test);

· mineralization of residues of the previous crops;

· net mineralization of soil organic matter, including the residual effects of livestock manures applied over several years and, on pastures, droppings from grazing animals;

· deposition of N from the atmosphere;

· biological N2 fixation by leguminous plants;

· Computation of the needed N application, taking account of the N requirement of the crop and the supply by indigenous N sources;

· Calculation of the amount of nutrients in livestock manure applications that will become available for crop uptake. The application rate of manure will depend on:

· the availability of livestock manure;

· the demands for nitrogen, phosphorus and potassium by the crops, 

· the nitrogen, phosphorus and potassium contents in the manure;

· the nutrient that will be sufficiently supplied at the lowest application rate (to ensure no nutrient is over supplied);

· Estimation of the needed fertilizer N and other nutrients, taking account of the N requirement of the crop and the supply of N by indigenous sources and livestock manure;

· Application of livestock manure and/or N fertilizer shortly before the onset of rapid crop growth, using methods and techniques that prevent ammonia emissions;

Where possible, application of N fertilizer in multiple portions (split dressings) with in-crop testing, where appropriate.

20. 
Nitrogen is lost from agriculture through a number of pathways, including NH3 emissions, denitrification and nitrate leaching (e.g., Kuczynski et al., 2005; Monteny and Hartung, 2007; Hatfield and Follett, 2008). From the farmers’ perspective, a nitrogen loss may constitute a significant financial loss, especially when nitrogen fertilizers are purchased (because these are expensive). Moreover, the synthesis of nitrogen fertilizers is one of the main energy inputs into agriculture and releases large amounts of greenhouse gases (mainly CO2 and N2O). From the air pollution perspective, ammonia and nitrous oxide, a greenhouse gas, are of most concern. From the water pollution perspective, nitrate, ammonia and dissolved organic nitrogen are of most concern, because of their effects on water quality. Hence, there is a variety of reasons to minimize all nitrogen loss pathways. The relative loss by each pathway depends on N management practices and environment conditions (soil and climate). It is difficult to say at this time which losses have the most detrimental effects on environment and human society. This means that replacing one pollutant with another cannot be justified and abatement practices must not increase losses elsewhere in the N cycle (or geographically).

21. 
Nitrogen losses from agriculture can be decreased through various measures. These measures can be categorized in (i) managerial, (ii) technical/technological, and (iii) structural measures. Managerial measures may be defined as the allocation and handling of (nitrogen) resources and to the timing of activities. Technical and technological measures refer to ‘hardware’; it includes machines, buildings and equipment that prevent the loss of nitrogen from the farming systems, and/or allow nitrogen to be used more efficiently. Structural measures relate to the structure of agriculture (land, labor, capital and entrepreneurship) and to the relative importance of these production factors. In general, economic costs increase in the order managerial < technical/technological < structural measures, suggesting that managerial measures should be implemented first. 

22. 
Measures can be categorized according to the nitrogen loss pathway, i.e. (i) ammonia emission abatement measures, (ii) nitrogen leaching abatement measures, (iii) denitrification abatement measures and (iv) nitrous oxide abatement measures. Measures for one specific nitrogen loss pathway may affect the emissions of other nitrogen loss pathways. This can be illustrated by the ‘hole in the pipe’ model, which symbolizes the flow and leakages of nitrogen in crop and in animal production systems (Figure 2). Sources of N in crop production systems include biological N fixation (symbiotic and non symbiotic), atmospheric depositions (NOX, NHY), animal manures, composts, irrigation water and N fertilizers. The source of N in animal production systems is the N in animal feed (in grazed forages, silage, hay and concentrates). Within the systems (visualized by the pipes), transformations and transfer processes take place, whereby a range of nitrogen species may escape, visualized by the holes in the pipe. Note that the holes may vary in size. Blocking one of the holes in the pipe usually leads to increased leakages through other holes, in effect, pollution swapping. This can only be avoided if the N input is decreased and/or N output in useful products is increased proportionally. Hence, priority should be given to measures that decrease N losses while increasing N output in useful products and/or decreasing N input into the system. Priority should also be given to measures that have other positive effects such as improved animal welfare (cleaner barn air) or human welfare (less odour).

23. 
While returning N from human food chain back to the farm is ultimately desirable, many factors need to be considered such as contamination with metals, pharmaceuticals and pathogens, transport costs, odour issues, etc.  At some locations, food (and yard) wastes are co-digested (anaerobic) on farms providing a relatively safe entry point for organic city N wastes back onto farmland (Burton and Turner, 2003; Geers and Madec, 2006; Schlegel et al. 2008).


[image: image2]
Figure 2. The ‘hole of the pipe’ model.  Nitrogen (N) inputs, N outputs in useful products and N emissions to air and water environments in crop production and animal production show dependency; a change in the flow rate of one N flow has consequences for others, depending also on the buffer capacity of the system. Gaseous emissions to the atmosphere occur in the forms di-nitrogen (N2), ammonia (NH3), nitrogen oxides (NO and NO2), and nitrous oxide (N2O); leaching losses to water bodies in the forms of nitrate (NO3-), ammonium (NH4+), dissolved organically bound nitrogen (DON), and organically bound nitrogen in particulates, via erosion (Npart). Note that relative size of holes is not depicted in this diagram (Oenema et al., 2009).
24. 
Nitrogen management which takes account of the whole nitrogen cycle aims at identifying measures for reducing all unwanted N emissions, including NH3 emissions, in a cost-effective way, i.e., to a level “where the value of marginal damages to human health and biodiversity is (approximately) equal to the marginal cost of achieving further reductions”. Preferred measures for reducing NH3 emissions are those that decrease other unwanted N emissions simultaneously, while maintaining or enhancing agricultural productivity (measures with synergistic effects). Conversely, measures aimed at reducing NH3 emissions, which increase other unwanted emissions (antagonistic effects) should be modified to such extent that the antagonistic effects are nullified. Similarly, abatement measures must not increase other types of farm pollution (eg P losses, pathogens, soil erosion) or resource use (eg fuel), reduce the quality of food (eg increased antibiotics,  hormones or pesticides) or the health and welfare of farm (e.g. by limiting barn size). 
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25. 
Ammonia emissions originate mainly from manures produced by housed livestock as slurries or solid manures and from urea and ammonium carbonate fertilizers (e.g., Kuczynski et al., 2005; Monteny and Hartung, 2007). Other sources of ammonia emissions include urine and dung droppings from grazing animals, nitrogen-rich crops and crop residues, and other N fertilizers than urea and ammonium carbonate fertilizers. Emissions from manures occur from livestock buildings, manure stores and following application to land. Emissions of NH3 begin soon after excretion of dung and urine by animals (Figure 3). The leaching of NO3 and denitrification occur at later stages. Hence, measures that decrease the emission of NH3 will increase the total amount of nitrogen in the manure and thereby possibly the leaching of NO3 and denitrification. Such pollution swapping mechanisms can be prevented by decreasing the total nitrogen input into the system proportionally. 

Figure 3. Sequence of nitrogen transformation processes, and the release and loss of nitrogen species from dung and urine (Jarvis and Pain, 1997; Oenema et al., 2008).
26. 
Ammonia is also emitted directly from arable crops, especially as they ripen before harvest. Emissions from crops are generally small but can be variable. The potential for loss increases as the N concentration in the plant increases. Avoiding over-fertilization with N (from manures and/or mineral fertiliser) will reduce the size of these losses (….)

27.

Ammonia conserved by the introduction of an abatement measure at one stage of manure management can be readily lost at a “downstream” stage of management. Where abatement measures are used for housing and/or manure stores, it is essential to use a suitable, low emission technique for applying the manure to land. Although reducing ammonia emissions from manures applied to land should increase the amount of N available for uptake by crops; if the crops cannot recover the additional N, the conserved NH3 may increase the potential for N loss by other pathways, through nitrate leaching for example. It is important to consider this risk, and take steps to minimize it where necessary, when planning and implementing ammonia abatement strategies. There is also no financial benefit to conserving ammonia if the N is not utilized effectively by crops (Jarvis and Pain, 1997; Mosier et al., 2004; Kuczynski et al., 2005; Monteny and Hartung, 2007; IFA, 2007).

28. 
The effectiveness of measures can be evaluated in terms of (i) decreases of losses of nitrogen species, (ii) decreases of nitrogen species concentrations in the environmental compartments, and (iii) in terms of increases of N use efficiency at field and farm levels (and at crop and herd levels). Decreases in nitrogen losses are usually expressed in terms of ‘emissions abatement percentages’ and decreases in ammonia concentrations in the atmosphere and nitrate and ammonia concentrations in groundwater and surface waters. Indicators for N use efficiency provide an integrated assessment of the effects of measures to decrease nitrogen losses. Various indicators can be used to assess the changes in nitrogen use efficiency and thereby to assess the effectiveness (and efficiency) of the measures (Mosier et al., 2004; IFA, 2007). 

29.

Indicators for (decreases of) nitrogen losses can be expressed in various ways. From an environmental point of view, the nitrogen loss should be expressed in terms of mass of nitrogen per unit of surface area or in terms of mass of nitrogen per unit of animal (place). From a resource use point of view, the nitrogen loss should be expressed in terms of mass of nitrogen per unit of animal product produced (kg nitrogen per kg of milk, meat or egg produced). Both type of indicators have their value in assessing the effectiveness of emission abatement measures. 

30.

The efficiency of emission abatement measures can be expressed in monetary terms, i.e., the annual cost per kg nitrogen per year. Various emission abatement measures are rather costly and the implementation of such measures is often combined with additional measures to improve the performance of the farm. As a consequence, the implementation of emission abatement measures may contribute to a further modernization of the farm. Such additional (structural) changes have to be taken into account when assessing the costs of the emission abatement measures. 

31.

Nitrogen use efficiency indicators provide a measure for the amount of nitrogen that is retained in harvested product, relative to the amount of nitrogen available, i.e., applied, taken up by the crop, taken up by the animal in feed. These nitrogen use efficiency indicators can be estimated at different scales (field, farm, regional, global levels). The intrinsic ability to use nitrogen efficiently differs for different crops and   different animals. Hence, the crop types and the animal types have to be taken into account when assessing and evaluation nitrogen use efficiency indicators. Nitrogen use efficiency can be improved by improving the genetic potential of the crops and animals and by improving the management. Management has a large effect on the nitrogen use efficiency (Tamminga 1996; Mosier et al., 2004.
Table 1. Nitrogen use efficiency indicators in crop production, with indicative target levels for cereals (after Doberman, 2007).

	Index
	Calculation
)
	Interpretation
	Target levels for cereals

	RE = apparent recovery efficiency of applied nitrogen (kg N taken up by the crop per kg of applied nitrogen)  
	RE=(UN – U0) / FN


	· RE depends on the congruence between plant demand for N and the release of N from fertilizer.

· RE is affected by the application method (amount, timing, placement, N form) and factors that determine the size of the crop nitrogen sink (genotype)
	0.3 – 0.5 kg/kg;

0.5 – 0.8 kg/kg in well-managed systems at low levels of N use.

	PE = Physiological efficiency of applied nitrogen (kg yield increase per kg increase in N uptake from applied nitrogen  
	PE= (YN – Y0) / (UN – U0)
	· Ability of a plant to transform N acquired from fertilizer into economic yield 

· Depends on crop genotype (C4>C3 crops, harvest index)  environment and management

· Very low PE suggests unbalanced fertilization: excessive N applications or deficiency of other nutrients or mineral toxicity.

· High PE suggests high internal N use efficiency.. 
	40 – 60 kg/kg;

> 50 kg/kg in well-managed systems, at low levels of N use. 

	IE = Internal utilization efficiency of nitrogen (kg yield per kg N uptake 
	IE= Y / UN
	· Ability of a plant to transform N acquired from all N sources into economic yield 

· Depends on genotype, environment and management

· Very high IE suggests N deficiency

· Low IE suggests poor internal N conversion due to other stresses (nutrient deficiencies, drought stress, heat stress, mineral toxicity, pests).
	40 – 60 kg/kg;

> 50 kg/kg in well-managed systems, at low levels of N use. 

	AE = Agronomic  efficiency of applied nitrogen (kg yield increase per kg N applied
	AE= (YN – Y0) /F or

AE=RE * PE
	· Product of N recovery from fertilizer (RE) and the efficiency with which the plant uses each additional unit of N (PE) 

· Depends on management practices that affect RE and PE
	10 – 30 kg/kg;

> 25 kg/kg in well-managed systems, at low levels of N use. 

	PFP = Partial factor productivity of applied nitrogen (kg harvested product per kg N applied
	PFP= Y / F 

or

PFP= Y0/F + AE 
	· Important for farmers, because it integrates the use efficiency of indigenous and applied N

· High indigenous soil N supply (high Y0) and high AE are equally important for PFP
	40 – 80 kg/kg;

> 60 kg/kg in well-managed systems, at low levels of N use. 


32. 
In crop production, various indicators for nitrogen use efficiency can be used (see Table 1). The efficiency of applied nitrogen greatly depends on the source of the nitrogen, as the ‘nitrogen fertilizer value’ of these sources differs. The nitrogen fertilizer value of ammonium nitrate-based N fertilizer is the highest and commonly set at 100%.  Commonly, the N fertilizer value of urea is less, because of larger N losses through NH3 volatilization, unless low-emission urea fertilizer application techniques are being used.

33. 
The N fertilizer value of animal manure is lower than the value of ammonium-nitrate-based N fertilizers, depending on the composition of the animal manure (total ammonia nitrogen (TAN) content, C/N ratio) and the application method (low-emission application techniques). When applied with low-emission application techniques, the N fertilizer equivalence values of animal manures applied just before planting/seeding decreases in the order pig slurry > cattle slurry ~ poultry manure > solid manure (dung) > composts. However, the residual effects are larger for composts and dung than for slurries. Under good management, mean N fertilizer equivalence values for pig slurry is about 70%, for cattle slurry and poultry manure about 60%, for solid manure and composts 40-50% (e.g., Schroder, 2005).

34.

In animal production, the nitrogen use efficiency greatly depends on the feed conversion ratio, the (genetic potential and the age of) animal species, feed quality and protein content, animal housing and management (e.g., Tamminga, 1996), as further discussed in the section on livestock feeding strategies.

35. 
To ensure effective utilization of N by crops and to reduce the risk of losses, it is essential (a) to apply nitrogen via fertiliser and manure only at times of the year when crops are actively growing (and nitrate leaching is minimal), (b) to avoid excessive nitrogen applications, (c) to ensure adequate supply of other plant nutrient elements, (d) to minimize water shortages through careful irrigation and excesses of water through drainage, and (e) to control pest and diseases effectively. Careful balancing of N inputs to crop requirements will save money by reducing the amount of purchased fertilizer needed and reduce the potential for nitrate leaching. The benefits of balanced fertilization for ammonia abatement are indirect, but necessary for efficient use of N (Mosier et al., 2004; IFA, 2007). Despite all measures, not all crop types end the growing season with a low N mineral content in the soil. For that type of crops a catch crop can be useful. 

36. 
On intensive livestock farms, limiting N applications to grassland provides an opportunity to utilize both the manure N as well as the fertilizer N more effectively, and avoid unnecessarily high concentrations of N in feed crops, especially grass. It is recommended to applying the manure and fertilizers early in the season to grassland and to stop fertilization by early fall so as to allow the grass crop to mop up essentially all remaining soil mineral N before the winter season. High N concentrations in forage lead to high N concentrations in the urine and in turn to large ammonia emissions. Hence, limiting N applications on grasslands will limit ammonia emissions (Jarvis and Pain, 1997; Hatch et al., 2004; Kreab et al., 2001; Portejoie et al., 2004). 

37. 
Output / input ratios (mass/mass ratios) and balances (input minus output, in mass per unit surface area) are the best indicators for expressing overall N use at farm level, though benchmarking of these indicators should be done farm- and region specific. While the ratio of total N output (via products exported from the farm) and total N input (imported into the farm, including via biological N2 fixation) is an indicator for the N use efficiency at farm level, the N surplus (or deficit) is an indicator for the N pressure of the farm on the wider environment, assuming that ultimately all surplus N is lost via either ammonia volatilization, N leaching and/or nitrification/denitrification. The variation between farms in N use efficiency (output/input ratios) and N surpluses (input minus input) is large, due to the variations in farming systems, the types of crops and animals, and amounts of fertilizer and animal feed imported. As a result only rough indicative target values can be given for broad categories of farming systems (see Table 2). 

38. 
For specialized crop production farms, the N surplus is estimated as follows: 

SurplusN = [FertN + (ManureN x FnevM) + (CompostN x FnevC) + BNF] – [CropN]
Where,

SurplusN = 
N Surplus at farm level, kg/ha

FertN = 
Net amount of fertilizer N fertilizer imported to the farm, kg/ha

ManureN = 
Net amount of manure N imported to the farm, kg/ha

CompostN = 
Net amount of compost N imported to the farm, kg/ha

BNF= 

amount of biologically fixed N2 by leguminous crops, kg/ha

CropN = 
Net amount of N in harvested crop exported from the farm, including residues, kg/ha

FnevM = 
fertilizer N equivalence value for manure, kg/kg

FnevC = 
fertilizer N equivalence value for compost, kg/kg

There will be additional N inputs at the farm via for example atmospheric deposition, autotrophic N2 fixation, imported seeds and nursery plants, crop protection means, irrigation water. These inputs are usually small relative to the former and may be disregarded in that case. If these items are a significant percentage of the total input (>10%), they should be included in the balance calculations.
Including the fertilizer N equivalence value for manure and compost will allow deriving more uniform (simple) target values for crop production farms, because the N input has a common denominator now. The complement (1- FnevM) may contribute to the build up of soil organic N and this fraction may become available to the crop in the long term, but is not taken into account here. 
Crops differ in their ability to take up N from soil, due to differences in root length distribution and length of the growing season. Graminae (cereals and grassland) have a high and leafy vegetable (lettuce, spinach) a small uptake capacity. Target values for N surplus should be specified according to the areal fraction of cereals and grassland on the farm (e.g. in case of three classes: <25%; 25-50 and >50%). 
Table 2. Nitrogen use efficiency indicators of farming systems, with indicative target levels for specialized crop production farms, specialized animal production farms and mixed farms. (see text).

	Index
	Calculation
	Interpretation
	Target levels

	N surplus = sum of all nitrogen inputs minus the nitrogen outputs that pass the farm gate, expressed in kg/ha/yr


	N surplus = 

Σ (InputsN) – 

Σ (outputsN)


	· N surplus depends on types of farming system, crops and animals, and indigenous N supply, external inputs (via fertilizers and animal feed) management and environment 

· N surplus is a measure of the total N loss to the environment

· N deficit [Σ (InputsN) < Σ (outputsN] is a measure of soil N depletion
· For specialized animal farming systems (land-loose), the N surplus can be very large, depending also on the possible N output via manure processing and export

	Depends on  types of farming systems,  crops and animals: 

Crop:    0-50 kg/ha

Mixed:  0-200 kg/ha

Animal: 0-1000 kg/ha


	NUE = nitrogen use efficiency, i.e., the N output in useful products divided by the total N input   


	NUE = 

Σ (outputsN) / 

Σ (InputsN) 
	· N use efficiency depends on types of farming system, crops and animals, and indigenous N supply, external inputs (via fertilizers and animal feed) management and environment

· For specialized animal farming systems (land-loose), there may be N output via manure processing and export
	Depends on  types of farming systems,  crops and animals: 

Crop   0.4-1.0
Mixed: 0.3-0.6
Animal 0.2-0.4*
Animal 0.8-0.95**
*) no manure export

**) landless farms; all manure exported off-farm


39. 
For specialized landless animal production farms, the N surplus is estimated as follows: 

SurplusN = [FeedN] – [AnimalN + ManureN] 
Where,

SurplusN = 
N Surplus at farm level, kg
FeedN = 
Net amount of N in animal feed imported to the farm, kg
AnimalN = 
Net amount of N in animals exported from the farm (i.e., including dead animals and corrected for imported animals), kg
ManureN = 
Net amount of manure N exported from the farm (including feed residues, kg
There will be small additional N inputs at the farm via for example drinking and cleaning water, litter (bedding material) and medicines but these inputs are usually small (<5%) relative to the former and may be disregarded in this case.
40. 
For mixed crop – animal production farms, the N surplus is estimated as follows: 

SurplusN = [FeedN + FertN + BNF] – [AnimalN + CropN + ManureN] 
Where,

SurplusN = 
N Surplus at farm level, kg/ha

FertN = 
Net amount of fertilizer N fertilizer imported to the farm, kg/ha

FeedN = 
Net amount of N in animal feed imported to the farm, kg/ha

BNF= 

amount of biologically fixed N2 by leguminous crops, kg/ha

AnimalN = 
Net amount of N in animals exported from the farm (i.e., including dead animals and corrected for imported animals), kg/ha

CropN = 
Net amount of N in harvested crop exported from the farm, including residues, kg/ha

ManureN = 
Net amount of manure N exported from the farm, kg/ha

There will be additional N inputs at the farm via for example atmospheric deposition, autotrophic N2 fixation, imported seeds and nursery plants, crop protection means, irrigation water. These inputs are usually small relative to the former and may be disregarded in that case. If these items are a significant percentage of the total input (>10%), they should be included in the balance calculations.

41.

For specialized crop production farms, the N use efficiency at farm level is estimated: 

NUEcrop = [CropN] / [FertN + (ManureN x FnevM) + (CompostN x FnevC) + BNF]  

Where,

NUEcrop = 
N use efficiency at farm level, mass/mass ratio (dimensionless)

FertN = 
Net amount of fertilizer N fertilizer imported to the farm, kg/ha

ManureN = 
Net amount of manure N imported to the farm, kg/ha

CompostN = 
Net amount of compost N imported to the farm, kg/ha

BNF= 

amount of biologically fixed N2 by leguminous crops, kg/ha

CropN = 
Net amount of N in harvested crop exported from the farm, including residues, kg/ha

FnevM = 
fertilizer N equivalence value for manure, kg/kg

FnevC = 
fertilizer N equivalence value for compost, kg/kg

42. 
For specialized landless animal production farms, the N use efficiency at farm level is estimated as follows: 

NUEanimal = [AnimalN + ManureN] / [FeedN]
Where,

NUEanimal = 
N use efficiency at farm level, mass/mass ratio (dimensionless)

AnimalN = 
Net amount of N in animals exported from the farm (i.e., including dead animals and corrected for imported animals), kg
FeedN = 
Net amount of N in animal feed imported to the farm, kg
ManureN = 
Net amount of manure N exported from the farm (including feed residues, kg
43. 
For mixed crop – animal production farms, the N use efficiency at farm level is estimated as follows: 

NUEmixed = [AnimalN + CropN + ManureN] / [FeedN + FertN + BNF]
Where,

NUEmixed = 
N use efficiency at farm level, mass/mass ratio (dimensionless)
AnimalN = 
Net amount of N in animals exported from the farm (i.e., including dead animals and corrected for imported animals), kg/ha

CropN = 
Net amount of N in harvested crop exported from the farm, including residues, kg/ha

ManureN = 
Net amount of manure N exported from the farm, kg/ha

FertN = 
Net amount of fertilizer N fertilizer imported to the farm, kg/ha

FeedN = 
Net amount of N in animal feed imported to the farm, kg/ha

BNF= 

amount of biologically fixed N2 by leguminous crops, kg/ha

44.

Target values for NUE of specialized crop production systems should be based on the performance of best managed crop production systems in practice, and on the fraction of graminae crops in the crop rotation. For graminae crop production farms, and using the input items in the aforementioned equation, the harvested N roughly equals the total effective N input and NUEcrop will be ~1. For specialized crop production farms with >50 % cereals in the rotation, TargetNUEcrop may be 0.9. With rotations of 25-50% cereals and proper management, TargetNUEcrop may be 0.8. With rotation having <25% and proper management, TargetNUEcrop may be 0.7. The latter indicates that surplusN of these farms will be 30 kg/ha when total N input is 100 kg/ha, and that surplusN will be 60 kg/ha when total N input is 200 kg/ha. Please note that only the effective N from manure and compost is taken into account here, and that N surpluses will be higher when total N inputs of manure and compost are considered.

45. 

The N surpluses of specialized animal farms and mixed farms, and NUEanimal and NUEmixed depend in part on the “unavoidable” N losses from the amount of N excreted by the animals in animals housings and manure storages due to NH3 volatilization and nitrification-denitrification processes. Target values for NUE of these farms should take these ‘unavoidable’ N losses into account, considering ‘unavoidable’ as the fraction of N from excreted N that is lost from housing systems and manure storages when using appropriate technology (best available technology, BAT). Hence, target values for NUEanimal should be based on considering the following equation:
 Target NUEanimal = [AnimalN + (ExcretedN – ManureNloss)] / [FeedN]
Where,

ExcretedN= 
amount of N excreted by animals during confinement, kg 

ManureNloss=
Unavoidable N losses from animal manure in animals housings and manure storages due to NH3 volatilization and nitrification-denitrification processes, kg
ManureNloss values depend on the manure management systems. For cattle housed whole-year in slurry-based systems with covered manure storages, ManureNloss will be in the range of 10-20% of manure N excreted during confinement, with the lower value for low-emission housing systems and the higher value for cubicle houses with slattened floors, but depending also on climatic conditions. When cattle are confined only during the winter season, less N will be excreted during confinement and ManureNloss per animal head will be lower. ManureNloss from cattle systems with solid manure tend to be higher (20-25% when housed all-year), due to larger nitrification-denitrification losses during storage. ManureNloss from grazing animals are significantly also. Losses from dung and urine through NH3 volatilization will be in the range of 3-8% depending mainly on the N content of the urine and soil conditions. Losses through nitrification-denitrification can be in the range of 10-40% of N excreted, while leaching losses will be in the same range. Moreover, the grazing animals deposit dung and urine in high N concentrations in a highly irregular pattern, which lead to a low N utilization by the receiving crop (grassland).
For pigs in slurry-based housing systems, ManureNloss is 5-20% of ExcretedN with the lower value for low-emission housing systems and the higher value for cubicle houses with slattened floors, but depending also on climatic conditions. ManureNloss from pigs in solid manure housing systems with concrete floors tend to be higher (20-30%), due to larger nitrification-denitrification losses. ManureNloss from pigs in free range systems will be in the range of 30-50%. 
For poultry, ManureNloss will be in the range of 10 to 50% of ExcretedN with the lower value for low-emission housing systems and the higher value for deep pits and ground based litter systems without scrubbing and retaining NH3 from exhaust air. 

46.

Target values for NUEmixed (mixed crop – animal production farms) should be based on considering the following equation:

 Target NUEmixed = [CropN + AnimalN + (ExcretedN – ManureNloss)total] / [FeedN + BNF + {TargetNUEcrop  x {FertN + (ExcretedN – ManureNloss)applied x FnevM)}]
Where,

(ExcretedN – ManureNloss)total = 
the amount of N excreted by animals on the farm, corrected for ‘unavoidable’ N losses during manure storage, kg/ha

(ExcretedN – ManureNloss)applied = 
the amount of N excreted by animals on the farm, corrected for ‘unavoidable’ N losses during manure storage, that is applied to crop land on the farm, kg/ha

Hence, the difference between (ExcretedN – ManureNloss)total and (ExcretedN – ManureNloss)applied is the amount of manure N exported from the farm. 
The procedure for the estimation of target NUEmixed values is briefly indicated below, using a simple Excel spreadsheet, which is available on request:
·  Assumptions: 

·  Mixed farm with 5,000 pigs (110 kg) finished annually & 10 ha of cereal land;

·  Mean feed conversion is 2.6 kg/kg; 

·  Mean N content of finished pigs is 25 g/kg;

·  Mean N content of animal feed is 25 g/kg (~15.5 % protein in the animal feed);

·  Cereal yield is 8 ton per ha, with a mean N content of 19 g/kg (12% protein);

·  Fertilizer N equivalence value of manure (FnevM) is 0.7 (dimensionless);
·  ManureNloss = 20%
·  Calculations:
·  Feed requirement is [5,000 x 110 x 2.6] = 1430,000 kg
·  Purchased feed is 1430,000 – [100 x 8000] = 630,000 kg (44% of need)
·  Purchased feed N is [5,000 x 110 x 2.6 x 25] – [100 x 8000 x 19] = 20,550 kg

·  Protein content animal feed is [20,550 x 100 x 6.25] / 630,000 = 20%

·  Amount of N retained (AnimalN) is [5,000 x 110 x 0.025] = 13750 kg
·  Amount of N excreted is [5,000 x 110 x 2.6 x 0.025] – 13,750 = 22,000 kg;

·  Amount of manure N applied to land: 22,000 * [1- 0.8] = 17,600 kg; 

·  Fertilizer N equivalence value of manure is [17,600 x 0.7] = 12,320 kg;

·  Fertilizer Need is [100 x 8,000 x 19 / 0.9] – 12,320 = 4,569 kg;

·  Target NUEmixed = [13,750 /(20,550 + 4,560] = 0.55
In the above example, the whole cereal yield (80,000 kg) is for feeding the pigs and no crops are exported from the farm. The purchased feed (630,000 kg) will be in the form of protein-rich feed (e.g., soya bean). Also, all manure N (17,600 kg) can be used on farm effectively and hence no manure N is exported from the farm. In practice, there may be constraints on the amount of manure N applied to crop land, due to legislative restrictions (e.g., Nitrates Directive), constraints related to the use of other nutrients (e.g. P) or metals (Cu), and/or because of the farmers’ preferences. In that case, manure N will be exported (and more fertilizer N imported in the above case).
LIVESTOCK FEEDING STRATEGIES

General considerations
47. 
Gaseous nitrogen losses from livestock production originate from the dung and urine excreted by the livestock. The animal feed composition and the feed management has a strong influence on animal performance and the composition of the dung and urine, and thereby also on the emissions of ammonia (NH3). This chapter focuses on feeding strategies to reduce NH3 emissions. Similar to the techniques aimed at reducing NH3 emissions from manure storage and application, it is possible to categorize many of the potential abatement strategies on the basis of the level of current knowledge and practicality. Strategies in this document are grouped into three categories:
Category 1 strategies: These are well researched, considered to be practical, and there are quantitative data on their abatement efficiency, at least on the experimental scale;

Category 2 strategies: These are promising, but research on them is at present

inadequate, or it will always be difficult to quantify their abatement efficiency. This does not mean that they cannot be used as part of an NH3 abatement strategy, depending on local circumstances.

Category 3 strategies: These have been shown to be ineffective or are likely to be

excluded on practical grounds.
48. 
Animals require energy, protein, water, various nutrients including trace elements, and vitamins for their nutrition. The value of animal feed is usually defined by the quantity of energy and protein that can be metabolized by the animal after digestion of the feed in the gastrointestinal tract. The protein value of a diet is estimated by the fraction of protein that is absorbed from the gastrointestinal tract. For pig and poultry diets, the protein value is also defined by the quantity of individual amino acids absorbed in order to identify those amino acids that are most limiting protein deposition in animal products.
49. 
In practice, protein levels in animal feed are often higher than actually required. Safety margins in the protein content of the diet are used to account for: 1) suboptimal amino acid ratios; 2) variations in requirement between animals with different genotypes; 3) variations in requirement caused by differences in age or production stadiums; and 4) variations in the actual content and digestibility of essential amino acids in the diet. Protein content of the diet and N excretion can be reduced by matching the protein / amino acids content of the diet as close as possible to the animal’s requirement.

50. 
The fraction of feed intake not digested, absorbed and retained by the animal is excreted via dung and urine. The excess N in the feed is excreted in the form of protein (organically bound nitrogen), urea, uric acid and ammonium. The partitioning of the N over these compounds together with the pH of the dung and urine greatly affects the potential for NH3 loss.
51. 
There is a large variation in the composition of dung and urine from dairy cattle, fattening pigs and chicken. Table 3 provides ranges of values observed in literature (Bussink and Oenema, 1998; Whitehead, D.C. 2000; This table requires up-date; please revise and add references.
Table 3. Ranges of N components in dung and urine of some animal species

	Animal 

Category
	Dry matter g per kg
	Total N 

g per kg 

dung/urine
	Urea

% of total N
	Uric acid % of total N
	Protein-N, % of total N
	Ammonium% of total N

	Dairy cattle
	
	
	
	
	
	

	- Dung
	100-175
	10-17
	0
	0
	90-95
	1-4

	- Urine
	30-40
	4-10
	60-95
	0-2
	0
	1

	Finishing pigs
	
	
	
	
	
	

	- Dung
	200-300
	7-15
	0
	
	90-95
	1-7

	- Urine
	10-50
	2-10
	30-90
	
	10-20
	5-65

	
	
	
	
	
	
	

	Chicken
	200-300
	10-20
	5-8
	35-50
	30-50
	6-8


52. 
The rate of NH3 emissions from the urine and dung is mainly determined by:

· ammonium content

· urea and uric acid contents 
· urease activity
· pH

· emitting area

· temperature

· airflow / ventilation rate
· infiltration rate of urine in soil

· mineralization rate of organic nitrogen 

· immobilization and nitrification rates of ammonium 
Some of these factors are influenced directly or indirectly by nutritional means.
53. 
Main options to influence NH3 emissions by livestock feeding are:

1. Lowering ammonium, urea and uric acid contents by:

a. Reducing nitrogen excretion by lowering crude protein intake;

b. Shifting nitrogen excretion from urea/uric acid in urine to protein in dung;

2. Lowering pH of manure by:

a. lowering the pH of dung;

b. lowering the pH of urine.

In addition, livestock feeding may have influence on urease activity.
54. 
Depending on the urease activity, urea and uric acid are hydrolyzed into ammonium usually with a few hours to days. The mineralization of organic nitrogen (apparent undigested protein) in dung is a slow process. At a temperature of 18oC it takes 70 days before 43% of the organic nitrogen in pig manure is mineralized to ammonia (Spoelstra, 1979). Therefore, by shifting N excretion in cattle and pigs from urine to dung, the N excretion via protein (organically bound nitrogen) is increased and the N excretion via urea, uric acid and ammonium is decreased. As a result, NH3 emissions from the urine are reduced. 

55. 
Livestock feeding strategies can influence the pH of dung and urine. The pH of dung can be lowered by increasing the fermentation in the large intestine. This increases the volatile fatty acids (VFA) content of the dung and causes a lower pH. The pH of urine can be lowered by lowering the electrolyte balance (Na + K – Cl) of the diet (Patience et al., 1987). Furthermore, the pH of urine can be lowered by adding acidifying components to the diet, e.g. CaSO4, Ca-benzoate, benzoic acid. A low pH of the dung and urine excreted results also in a low pH of the slurry / manure during storage, also after a certain storage period. This pH effect can significantly reduce ammonia emissions from slurries during storage and also following application. These effects have been proven especially for pigs 
 ADDIN EN.CITE 
(Aarnink and Verstegen, 2007; Canh et al., 1998a; Canh et al., 1998c; Canh et al., 1998d; Canh et al., 1998e)
 
56. 
Several indicators are useful to indicate the efficiency of conversion of feed into animal product. They are defined as follows:
a.  Dietary crude protein (Nx6,25) content (CP/DM). The requirement of crude protein (CP) as proportion of the dietary dry matter (DM) depends on animal species, type of production, digestibility of the diet DM and the quality (amino acid ratio) in the CP. Information on this indicator for concentrate feeds is usually available from the feed compounder. For forages, notably grazed forages, this may be more difficult, but the sward surface height (SSH) may be a helpful tool.
b. Efficiency of N utilisation (NUE =  AYN /FN), where AYN is the mass of N in animal products (in kg), FN is the mass of N in the feed used (kg). This indicator requires information on the N content of animal products and animal feeds. Such figures have been extensively tabulated in recent years.  

c. Stocking density, the number of animal units (AU) per unit (ha) of land available for disposal of animal excreta (AU/ha).  

57. 
Production of animal products (milk, meat, eggs) is not possible without first meeting the nutrient requirements to maintain the animals. Dietary protein levels required for maintenance are much lower than those needed for the synthesis of animal products. Hence, target levels of CP/DM vary with the proportion of ingested nutrients that is required for maintenance. This proportion is highest in slow growing animals, like replacement animals in cattle and lowest in rapidly growing animals like broilers. Target levels for NUE show the opposite.

Feeding strategies for ruminants (especially dairy and beef cattle)
58.
Nitrogen use efficiency (NUE) in dairy production is limited by the biological potential of cows to transform feed N into milk and of crops and pasture to convert applied manure N and fertilizer N into grain, forage and other agronomic products. However, the disparity between actual NUE achieved by producers and potential NUE indicates that substantial improvements in NUE can be made on many commercial dairy farms.   Although dairy producers can do little about the biological limitations of N use, practices such as appropriate stocking rates, manure N crediting and following recommendations to avoid wastage can substantially enhance NUE, farm profits and the environmental outcomes of dairy production. (Powell et al., 2009)

59. 
Lowering crude protein of ruminant diets is an effective and category 1 strategy for decreasing NH3 loss. The following guidelines hold (Table 4):
· The average CP content of diets for dairy cattle should not exceed 150 g/kg DM (Broderick, 2003; Svenson, 2003). For beef cattle older than 6 months this could be further reduced to 120 g/kg DM.
· Phase feeding can be applied in such a way that the CP content of dairy diets is gradually decreased from 160 g/kg DM just before parturition and in early lactation to below 140 g/kg DM in late lactation and the main part of the dry period.

· Phase feeding can also be applied in beef cattle in such a way that the CP content of the diets is gradually decreased from 160 g/kg DM during the first 3 months to 120 g/kg DM thereafter. 
Table 4 Target levels for crude protein (CP) content, in gram per kg of the dry mass of the ration, and efficiency of N utilisation (NUE), in mass fractions (kg/kg) for cattle 

	Cattle species
	CP, g/kg
	NUE, kg/kg

	Milk + maintenance, early lactation
	150-160
	0.30

	Milk + maintenance, late lactation
	120-140
	0.25

	Replacement
	120-130
	0.10

	Veal
	170-190
	0.45

	Beef <3 months
	150-160
	0.30

	Beef >6 months
	120
	0.20


60. 
In many parts of the world, cattle productions are land based or mixed systems. In such systems protein rich grass and grass products form a significant proportion of the diet. Such diets often contain a surplus of protein and the magnitude of the resulting high N excretion strongly depends on the proportions of grass, grass silage and hay in the ration and the protein content of these feeds. The protein surplus and the resulting N excretion and NH3 losses will be highest for grass-only summer rations with grazing young, intensively fertilized grass or grass legume mixtures. However, urine excreted by grazing animals often infiltrates into the soil before substantial NH3 emissions can occur and NH3 emissions per animal are less for grazing animals than for those housed where the excreta is collected, stored and applied to land. 
61. 
The NH3 emission reduction achieved by increasing the proportion of the year the cattle spent grazing outdoors will depend on the baseline (emission of ungrazed animals), the time the animals are grazed, and the N fertilizer level of the pasture. The potential to increase grazing is often limited by soil type, topography, farm size and structure (distances), climatic conditions, etc. It should be noted that grazing of animals may increase other forms of N emissions (e.g. N2O, NO3). However, given the clear and well quantified effect on NH3 emissions, grazing can be considered as a category 1 strategy. The actual abatement potential will depend on the base situation of each animal sector in each country. The effect of changing the period of partial housing (e.g. grazed during daytime only) is less certain and is rated as a category 2 strategy. Changing from a fully housed period to grazing for part of the day is less effective in reducing NH3 emissions than switching to complete (24 hour) grazing, since buildings and stores remain dirty and continue to emit NH3. Grazing management (strip grazing, rotational grazing, continuous grazing) is expected to have little additional effect on NH3 losses and is considered a category 3 strategy.
62. 
In general, increasing the energy/protein ratio in the diet by using ‘older’ grass (higher sward surface height, SSH) and/or supplementing grass by high energy feeds (e.g., silage maize) is category 1 strategy. However, for grassland-based ruminant production systems, the feasibility of this strategy may be limited, especially when conditions for growing high energy feeds are poor and therefore have to be purchased, with as consequence that a full use of the grass production would no longer be guaranteed (under conditions of limited production, e.g. milk quotas or restrictions to the animal density). Hence, improving the energy/protein equilibrium on grassland-based farms with animal production constraints and no possibilities of growing high energy feeds is therefore considered a category 2 strategy. 
63. 
The use of modern protein evaluation systems (i.e. PDI in France, MP in the UK, DVE/OEB in The Netherlands, AAT/PBV in Scandinavian countries) is recommended. In dairy cattle the use of rumen protected limiting amino acids, like lysine and methionine may be helpful to better balance the amino acid composition of protein digested from the small intestine. Because for a successful introduction of this method detailed additional information on the behaviour of the feed in the digestive tract is required, this is considered a category 2 strategy. 
64. 
Shifting N excretion from urea in urine to protein in dung is also an effective measure for decreasing ammonia loss. Dietary composition should be such that a certain degree of hindgut fermentation is stimulated, without disturbing rumen fermentation. This will shift the excretion of N from urine to dung. Hind gut fermentation can be stimulated by the inclusion of rumen resistant starch or fermentable fibre that escapes fermentation in the rumen (Van Vuuren et al., 1993). Because in the hindgut acetogenic rather than methanogenic bacteria are present, there is little risk of elevated CH4 losses. Knowledge on factors responsible for shifting N excretion from urea in urine to protein in dung are as yet insufficient and this approach is considered a category 2 strategy. 

65. 
The pH of freshly excreted urine ranges from 5.5-8.5 and mainly depends on the dietary content of electrolytes. Although the pH will eventually rise towards alkaline values due to the hydrolysis of urea irrespective of initial pH, it are the initial pH and the pH buffering capacity of urine which determine the rate of NH3 volatilization from urine immediately following urination. Lowering the pH of urine of ruminants is theoretical possible, but there are interactions with urine volume, ruminant performance, and animal welfare and it is therefore considered a category 3 technique. Similarly, lowering the pH of dung is theoretically possible, but this might easily coincide with disturbed rumen fermentation and is therefore not recommended. Because of the health risks involved this is considered a category 3 technique. Dung consistency could be used to monitor the adequacy of rumen fermentation.
66. 
Monitoring the protein status is possible with the (calculated) rumen degradable protein balance (PBV in Scandinavian countries, OEB in The Netherlands) and/or milk urea nitrogen (MUN) can be used too. MUN should preferably not exceed 10 mg/dl (milk urea below 22 mg/dl). Knowledge on factors responsible for variation in MUN is as yet insufficient and this approach is considered a category 2 strategy.

67. 
There are also herd management options to reduce emissions. Firstly, by increasing the genetic potential of the cows (more milk per cow). This will lead to a higher NUE at herd level because of the lower share of maintenance energy. By equal total annual milk output per country the number of dairy cows and replacement cattle will consequently decrease. Secondly by increasing the number of lactations per cow. This will reduce the number of replacement cattle. Finally the actual number of replacement cattle per dairy cow should be optimized. All three options are a long term approach, but must nevertheless be considered a category 1 technique.
68.
Bedding material in animal housing can have impacts on NH3 emissions.  The physical characteristics (urine absorbance capacity, bulk density) of bedding materials are of more importance than their chemical characteristics (pH, cation exchange capacity, carbon to nitrogen ratio) in determining ammonia emissions from dairy barn floors (Misselbrook and Powell, 2005). Ammonia emissions were significantly lower from sand (23% of applied urine N), followed by pine shavings (42% of applied urine N), than from the other four (straw, newspaper, cornstalks and recycled manure solids) bedding types (mean 63% of applied urine N). Ammonia emissions (g/cow/d) from manure solids (20.0), newspaper (18.9) and straw (18.9) were similar and significantly greater than emissions using pine shavings (15.2). 

69.
Dairy cow diet impacts on milk, manure and ammonia emissions.  In Wisconsin, there are seasonal diet impacts on milk production, feed N use efficiency (FNUE), excreted manure N (ExN), urine N (UN), and ammonia N emissions.  During the early-fall and winter trials, milk production (37.9 kg/cow/d) was similar in cows fed the low CP and the high CP diets, and also in cows fed the alfalfa silage- (AS) and the corn silage- (CS) based diet (37.8 kg/cow/d). During early-fall and winter FNUE (32.9%) of cows fed the low CP diets were significantly greater than cows fed the high CP diets (29.9%). There were no significant differences in FNUE of cows fed diets based on AS or CS. There was significantly less ExN (318 g/cow/d) by cows fed LP diets than cows fed HP diets (354 g/cow/d).  Forage type did not significantly impact ExN and ammonia emissions, and only during the early-fall trial did dietary CP level impact ammonia emissions. During the early-fall, ammonia emissions (8.0 g/cow/d) from chambers containing cows fed the low CP diet were significantly less than emissions (8.8 g/cow/d) from cows fed the high CP diet. Ammonia-N emissions accounted for approximately 1% to 3% of N intake, 2% to 5% of ExN, and 4% to 11% of UN.  Average ammonia emissions (across all diets) during winter (6.7 g/cow/d) were 20% less than during early-fall (8.4 g/cow/d). We discovered significant positive relationships between MUN, UN and emitted ammonia N. 

70.
Dairy herd management impacts on ammonia emissions.  We compared two dairy herd management practices on manure N capture and recycling through crops: the conventional practice of barn manure collection and land application, and corralling dairy cattle directly on cropland (Powell and Russelle, 2009). Heifers were kept in a barn for two (B2) or four (B4) days and manure was hauled to fields, or heifers were corralled directly on cropland for two (C2) or four (C4) days. Four successive manure application seasons, spring-summer (SS), fall-winter (FW), summer (S) and winter (W) were evaluated over two years. Each season was followed by three-year crop rotations: SS and S by wheat, sudangrass, winter rye, corn, winter rye, and corn; and FW and W by corn, winter rye, corn, winter rye, and corn.  In-barn N losses (% of excreted manure N) were greater from B4 (30%) than B2 (20%). In the field, ammonia losses from C2 were lower that other treatments. As a percent of excreted manure N, manure N recovery over the 3 yr rotation from C2 was 50%, B2 35%, C4 30% and B4 22% (Figure 4). Overall results demonstrated that corralling dairy cattle on cropland improves urine N capture, reduces ammonia loss and enhances manure N recycling through crops. 

71.
Summary of strategies to reduce ammonia loss from dairy barns. Dairy cattle barns can be major sources of ammonia emissions to the atmosphere. Various feed strategies are able to reduce urinary N excretion. A close matching of diets to animal nutritional requirements, feeding only enough RUP to meet cows’ metabolizable protein requirements, reducing particle size to increase ruminal digestion of grain starch and increase microbial protein formation (so long as ruminal pH is not depressed) optimizes microbial protein synthesis, maximizes feed N conversion into milk and minimizes urinary N excretion. Ammonia emissions from dairy barns can be reduced by using bedding materials and/or barn floor configurations that physically separate feces (which contains urease) and urine. It may be possible to further reduce ammonia emissions through alternative herd management. For example, corralling dairy cows directly on cropland captures greater amounts of urine, reduces in-barn ammonia N losses, and therefore recycles more excreted manure N through crops than the conventional practice of housing cattle in barns, hauling and mechanically applying manure to fields.
Feeding strategies for pigs
72. 
Feeding measures in pig production include phase feeding, formulating diets based on digestible/available nutrients, using low-protein amino acid-supplemented diets, and feed additives/supplements. Further techniques are currently being investigated (e.g. different feeds for males and females) and might be additionally available in the future.

73. 
Phase feeding (different feed composition for different age or production groups) offers a cost-effective means of reducing N excretion from pigs and could mostly be implemented in the short term. Multi-phase feeding depends on computer-aided automated equipment.

74. 
The crude protein content of the pig ration can be reduced if the amino acid supply is optimised through the addition of synthetic amino acids (e.g. lysine, methionine, threonine, tryptophan) or special feed components. 

75. 
A crude protein reduction of 2 to 3 per cent (20 to 30 g/kg of feed) can be achieved depending on the species and the current starting point. The resulting range of dietary crude protein contents is reported in Table 5. The values in the table are indicative target levels may need to be adapted to local conditions.

Table 5. Target crude protein levels in feed for pig rations

	Species
	Phases
	Crude protein content, % *)

	Weaner
	< 10 kg
	19–21

	Piglet
	< 25 kg
	17–19

	Fattening pig
	25–50 kg
	15–17

	
	50–110 kg
	14–15

	Sows
	Gestation
	13–15

	
	Lactation
	15–17


*) With adequately balanced and optimal amino acid supply
76. 
For every 10 g/kg reduction in crude protein content of the diet a 10% lower TAN content of the pig slurry and 10% lower NH3 emissions can be achieved in growing finishing pigs (Canh et al., (1998b). Currently, crude protein content of the diet of growing-finishing pigs is approximately 170 g/kg. In experiments, it has been demonstrated that decreases to 120 g protein per kg diet can be achieved without any effect on growth rate or feed efficiency when limiting amino acids are added (= 50% NH3 emission reduction). In practice, 140 g protein per kg diet is economically feasible (= 30% NH3 emission reduction, relative to the baseline value with a protein content of 170 g/kg). This can be achieved by phase feeding and adding the most limiting amino acids 
 ADDIN EN.CITE 
(Canh et al., 1998b; Dourmad et al., 1993; Lenis and Schutte, 1990)
. Although still some work needs to be done for the practical implementation, this is considered a category 1 technique for growing-finishing pigs. For sows and weaned piglets additional studies are needed, so for these categories it is considered a category 2 technique.
77. 
The addition of special components with high non-starch polysaccharide (NSP) content (e.g. sugar beet pulp, soybean hulls) can reduce the pH of pig excreta and thus NH3 emissions. Increasing the amount of non-starch polysaccharides (NSP) in the diet increases the bacterial fermentation in the large intestine, which results in the immobilization of urea-N from the blood into bacterial protein. Ammonia emissions decrease by approximately 16 and 25% when NSP content of the diet increases from 200 to 300 and further to 400 g/kg diet, respectively. However, the effect on NH3 emissions depends to a certain extent also on the kind of NSP in the diet. Increasing the level of NSP in the diet may also have negative impacts. At high NSP levels, nutrient digestibility decreases and this increases waste production, which is undesirable in animal dense areas. Furthermore, at increasing NSP levels in the diet volatile fatty acids (VFA) concentrations in the manure increases. Although VFA’s are not the most important odorous compounds, increased VFA levels may increase odour release from the manure. At increasing NSP levels in the diet methane production from animal and manure may also increase (Kirchgessner et al., 1991). Because of all these reasons increasing the amount of NSP in the diet as means to decrease NH3 emissions is considered a category 3 strategy in animal dense areas and a category 2 strategy in other areas.
78. 
Replacing CaCO3 in the animal feed by CaSO4, CaCl2, or Ca-benzoate reduces the pH of urine and slurry and the NH3 emission from the urine and slurry.  By replacing calcium (6 g/kg) in the diet in the form of CaCO3 by Ca-benzoate, urinary and slurry pH can be lowered by more than 2 units. In that case NH3 emission can be reduced up to 60%. Benzoic acid is degraded in the pig to hippuric acid, that lowers the urine pH and consequently the pH of the slurry stored in the pig house. Benzoic acid is officially allowed in the EU as acidity controlling agent (E210), and is also admitted as feeding additive for fattening pigs (1% dosage) and piglets (0.5% dosage) as calcium benzoate (registered trade mark: Vevovitall). A similar replacement of CaCO3 by Ca-sulphate or Ca-chloride reduces the pH of slurry by 1.2 units and NH3 emission by approximately 35% (Canh et al., 1998a; Mroz et al., 1996). Addition of 1% benzoic acid to the diet of growing-finishing pigs lowers NH3 emissions by approximately 20% (Aarnink et al., 2008; Guingand et al., 2005). In this way NH3 emissions can be reduced up to 40%. Addition of benzoic acid is considered a category 1 technique for growing-finishing pigs and a category 2 technique for other pig categories. Replacement of CaCO3 by CaSO4, CaCl2, or Ca-benzoate is considered a category 2 technique for all pig categories.
79. 
The effects of the feeding measures mentioned in paragraphs 61 to 63 have independent effects on NH3 emission. This means that these effects are additive (at a relative scale) (Bakker and Smits (2002). Combined feeding measures are considered category 2 techniques for all categories of pigs. 
Feeding strategies for poultry
80. 
For poultry, the potential for reducing N excretion through feeding measures is somewhat more limited than for pigs because the conversion efficiency is already high and the variability within a flock of birds is greater. A crude protein reduction of 1 to 2 per cent (10 to 20 g/kg of feed) can usually be achieved depending on the species and the current starting point. The resulting range of dietary crude protein contents is reported in Table 6. The values in the table are indicative target levels, which may need to be adapted to local conditions. Further applied nutrition research is currently being carried out in a number of EU Member States and may support further possible reductions in the future.

Some references and clarifying text needed here
Table 6. Target crude protein levels in feed for poultry

	Species
	Phases
	Crude protein content, % *)

	Chicken, broilers
	Starter
	20–22

	
	Grower
	19–21

	
	Finisher
	18–20

	Chicken, layers
	18–40 weeks
	15.5– 16.5

	
	40+ weeks
	14.5– 15.5

	Turkeys
	< 4 weeks
	24–27

	
	5–8 weeks
	22–24

	
	9–12 weeks
	19 –21

	
	13+ weeks
	16-19

	
	16+ weeks
	14 –17


*) With adequately balanced and optimal amino acid supply
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� F = amount of fertilizer N applied, kg per ha


  Y0 = crop yield in a control treatment with no fertilizer N applied, kg per ha


  YN = crop yield  with applied fertilizer N, kg per ha applied


   U0 = total N uptake in aboveground biomass at maturity, without applied fertilizer N, kg per ha 


   UN = total N uptake in aboveground biomass at maturity, with applied fertilizer N, kg per ha. 










