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Editorial on the Research Topic
 RAMIRAN 2017: Sustainable Utilisation of Manures and Residue Resources in Agriculture



The recycling of organic residues deriving from on-farm (e.g., livestock manure) or off-farm (e.g., sewage sludge, industrial by-products) is a central part of the circular economy toward developing more sustainable food production systems (e.g., EC, 2014). However, the safe, effective, and efficient use of organic “waste” streams as resources for nutrient provision and soil improvement in agricultural systems require several challenges to be addressed, summarized by Bernal (2017) as (i) to improve nutrient availability and soil cycling; (ii) to develop technologies for nutrient re-use; (iii) to reduce contaminants and improve food safety; (iv) to mitigate environmental emissions; and (v) to enhance soil health and function. Addressing these challenges needs multidisciplinary research within a whole systems context.

The “Recycling of Agricultural, Municipal and Industrial Residues to Agriculture Network” (RAMIRAN) is a research and expertise network focusing on environmental, hygienic, and agronomic issues associated with the use of livestock manure and other organic residues in agriculture, and as such is well-positioned to address these grand challenges, and indeed has been doing so for some years (Misselbrook et al., 2012). The network evolved in 1996 as an expansion of the previous more narrowly focused FAO Animal Waste Network, initially as a predominantly European network but more recently with a much more global make-up and remit. The main aims of RAMIRAN are to promote the exchange of methodologies, materials, and processes; to progress knowledge relating to agronomic, environmental, and hygienic aspects of organic residue recycling in agriculture; to identify research priorities and initiate innovative collaborative activities that make use of the synergies within the international network. One of the main activities of RAMIRAN is to hold a regular international scientific conference. The papers in this Research Topic derive from the 17th International conference, RAMIRAN 2017, held in Wexford, Ireland in September 2017, with contributions at the conference from over 30 countries representing 6 continents.

Livestock manure is a key organic resource for re-use in agriculture, although the increasing specialization and spatial disconnect between livestock and arable production in many parts of the world, together with the comparatively low cost and ease of use of synthetic fertilizers, has resulted in this resource not being effectively utilized and often treated as a waste. A good understanding therefore of the types, quantities, and composition (particularly of plant available nutrients) for this resource are an important first step in planning for their improved utilization at a regional and local scale. There are challenges in collecting accurate data on this at the national scale, as discussed by Luostarinen et al., who provide a case study of a model approach for Finland and argue for a greater international harmonization in approaches. An example of a national data set is given by Loyon who provides statistics on the types of manure and practices used to store and land-apply the 120 million tons of manure produced per year by cattle, pigs, and poultry in France. Land availability, suitability, and requirement for crop nutrients are also key factors in the planning of effective organic resource utilization and Gubert et al. present a GIS-based approach to the management of digestate spreading on Alpine hay meadows which could have much broader applicability. A manure management survey on a broader regional basis, for South America, specifically for dairy manure was undertaken by Herrero et al. who highlight the generally positive perception of dairy manure as a good fertilizer but also the barriers to achieving effective management. The importance of policy and other stakeholder interventions to improve nutrient use efficiency and reduce environmental pollution is also discussed.

The impact of livestock diet on manure composition, and N excretion in particular, is important to predict subsequent impacts on nitrogen losses and transformations through the manure management chain. The ability to model this impact at the national and farm-scale is crucial both for providing accurate estimates in national emission inventories and for assessing potential dietary strategies for emission mitigation. Bannink et al. describe an improved approach to estimating nitrogen excretion in dairy cows, and in particular the urinary nitrogen excretion, in the Dutch ammonia emission inventory based on a Tier 3 method for enteric methane prediction. A range of dietary strategies for dairy cows and their impact on nitrogen excretion and subsequent nitrogen utilization and losses at the farm scale were assessed by Dijkstra et al., who present developments to an existing model to provide better representation of manure nitrogen availability to crops. Varma et al. demonstrate, however, the unintended consequences that may occur through dietary manipulation, reporting an increase in the emissions of odorous volatile organic compounds from manure from calves fed a diet supplemented with pomegranate peel extract intended to improve calf health.

Recycling of nutrients through the direct excretal returns of grazing animals reduces the requirement for additional nutrient application to the pasture, but the concentration of nutrients, nitrogen in urine patches in particular, poses a risk of losses to the environment (Selbie et al., 2015). A novel remote sensing method for mapping the spatial distribution of urine patches is described by Maire et al. which could be of great use in assessing the influence of different grazing management strategies or other interventions on predicted nitrogen losses and loss risk mapping.

Anaerobic digestion of organic residues as an energy source, waste treatment process and source of potentially valuable organic fertilizer has increased greatly in recent years. For economic viability, the gas yield of the process is of great importance and as described by Chiariotti and Crisà, who investigated specific inoculum for hydrogen production from livestock by-products, are influenced by the archeal and bacterial community composition. Improving the agronomic benefits of the resulting digestate from the anaerobic digestion process through acidification (Sánchez-Rodríguez et al.) or solids separation (Ehmann et al.) are discussed as is the benefit of summer fertigation of dairy slurry compared with autumn injection to cropping systems at risk of nitrate leaching (Gamble et al.). The issue of potential increased heavy metal availability and uptake by plants following applications of digestate to crops is addressed by Dragicevic et al., who report that application of biogas digestates had little effect on plant metal uptake or crop quality.

While livestock manure and digestates represent the majority of organic residue returns to land, there are a range of other materials which can potentially be used. One barrier to their uptake is heterogeneity in both the material itself and in the application of it to the land, giving less confidence in the agronomic benefits compared with the application of synthetic fertilizers. Technologies to improve the consistency of the materials and the precision of their application are therefore required. Toward this, Delin et al. assessed the optimum precise placement of pelleted meat bone meal for a spring oats crop, which showed significant yield benefits over surface broadcast application. Another potential barrier is the concern regarding safe use of materials on crops for either animal feed or human food production. Source separated human urine represents a valuable source of major and micronutrients for application to crops (Vinneras and Jonsson, 2002), but there are concerns regarding the presence of pharmaceuticals and hormones in human urine. Results from the field study reported by Viskari et al. using human urine as a fertilizer for barley, suggest that source separated urine can be safely used as a fertilizer, with no pharmaceuticals or hormones detected in soil or barley grain, despite being present in the applied urine.

Risk of contamination is also a concern addressed in papers by Ashekuzzaman et al., investigating the potential transfer of E. coli from slurry and biosolids application to grazing land, and Nolan et al., studying the survival and fate of pathogens through anaerobic digestion. At a broader scale, Sasakova et al. consider the risks of transfer of microbial pathogens from agricultural activities to surface and ground waters in a catchment in Slovakia and the appropriateness of current regulations.

Finally, the importance of soil health in enabling good nutrient use efficiency and the potential impacts that organic residue applications may have on this are addressed by Bhogal et al., who show that the quantity and quality of the material applied influence the level of improvement in soil organic carbon content, and by association soil biological and physical properties.

Undoubtedly there is still much research to be conducted in this area and the relevance of RAMIRAN is as great now as it ever was in addressing the challenges of sustainable recycling of organic resources to agriculture, of enhancing the circular economy and minimizing the environmental footprint of our food production systems.
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