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1. Resumé

Title: Sustainable Intensification through Targeted, Site Specific Resource Optimization.

This proposal aims to support sustainable agricultural production through targeted and site-specific resource optimization both at the farm and landscape levels, as well as in relation to the regulatory level.  The proposed research will contribute to strengthening Danish research with respect to sustainable intensification as the new international standard in agricultural research.

1. Samfundsudfordringer og/eller muligheder 

Natural resources and ecosystems in Denmark, Europe and globally are under pressure from soil degradation, pollution, over-exploitation, loss of biodiversity pesticide resistance, and climate change. This affects water quality (ground and surface), biodiversity in aquatic and terrestrial ecosystems and soil fertility. At the same time, the increased demand for food, feed and other bio-based products needs to be addressed in a world with a steadily increasing number of mouths to feed; 60% more food will be required to feed the global population by 2050 according to one estimate (OECD 2013)

Digital, sensor system technology and an accompanying regulatory framework to administer differentiated management, along with the development of conservation agriculture and integrated pest (=weeds, plant pathogens and arthropods) management strategies, hold the potential to increase production, while also protecting soils and the environment. This may be realized through targeted and site-specific resource management of soils, water, nutrient and pesticides rather than uniform norms and restrictions on production -. This will eventually lead to sustainable intensification, i.e. simultaneously raising yields, increasing the efficiency with which inputs are used and reducing the negative environmental effects of food production on soil quality, water and air (Rise Foundation 2014)

 Forskningsbehov 

At the level of resource optimization:
Utilize new technologies for sensor based mapping of soils and crops using the advances in remote-, drone- and proximal sensors
Methods to describe, quantify and address the major  threats to crop production such as soil erosion, loss of soil carbon,  soil compaction and pest infestations:
Improved understanding of soil degradation processes and mitigation measures.
Intelligent soil management technologies and strategies for improved crop establishment, nutrient utilization, weed, disease and insect pest control and reduced impact of field traffic.
Develop and implement non-chemical control methods that can reduced the reliance on pesticides  
Improving technologies for optimization of application of pesticides and waste products
Improving cultivation methods based on integrated management of nutrient and water supply
Methods to model the water balance and nutrients/pollutants movement from terrestrial to water systems 
Intelligent and effective crop irrigation systems
Improved understanding of the effects of agricultural water extraction and emissions (nutrients, pesticides, pathogens and other organic pollutants) on ecosystems
Determining the impact of soil, landscape, water flow, geochemistry and agricultural practice on leaching and transformation of nutrients, pesticides, pathogens and other agricultural emissions.
Ecosystem technologies such as landscape filters and controlled drainage for protection of water quality in water recipients
Improving  technologies for optimization of spatially differentiated fertilization, including user friendly models that accept data inputs and more robust algorithms as regards crop N-status, water and soil conditions

At the regulatory/governance level:
Promote sustainable management of soil resources for soil protection and sustainable productivity.
Developing modelling and data collection tools and methods for integrating and utilizing aggregate data to develop targeted, spatially differentiated, ecosystem based and cost effective regulation instruments that replace uniform instruments and  paradigms at governance level 
Developing new infrastructure that enables sensing of ecosystems and ecosystem processes as a foundation for data collection, thus enabling a broad range of services, e.g., in relation to monitoring, compliance, and planning
Developing spatially differentiated regulation regimes which takes into account local data and knowledge as well as stakeholder acceptance
Assessing the overall production system resilience to hazards (including climate change,  soil degradation and new/invasive pests) that may be fostered by new, spatially differentiated governance regimes 
Assessing how site specific resource optimization by means of digital technologies may best address diversity in production systems, including issues of access to and utilization of technologies

1. Forhold vedrørende udmøntning og implementering af forskningsindsatsen 

While the so-called ‘agricultural agreement’, adopted by the Danish parliament in February 2016 adds a sense of urgency to research on both practical and regulatory aspects of targeted resource optimization and regulation, the relevance goes beyond the Danish context: The northwestern corner of the EU is amongst the most intensive agriculture zones in the world (production value per hectare, capital stock, and fertilizer and pesticide use per hectare). Agriculture contributes 50 to 80% of total nitrogen load observed in Europe’s freshwater, and increases in fertilizer use of 4% to 2020 are predicted (Rise Foundation 2014). 

In the global context, addressing the challenges may support an emerging direction in which developing countries’ productivist food security policies are better balanced with environmental concerns. Developing cost effective, site and context specific agricultural practices, along with regulation principles based on local conditions, is key to this. 
Focusing on these challenges reflect a systemic  water-energy-food nexus approach, recognizing sectoral interactions and the need for integrating practices and regulation across sectors and scales. This approach, along with the guiding sustainable intensification principles, is in line with, and will contribute to, meeting the Sustainable Development Goals (SDGs). 

The challenge of sustainable intensification is closely aligned with the recommendations of the EU’s Standing Committee on Agricultural Research Foresight 2015 (SCAR), which feed into Horizon 2020.  SCAR recognizes digital technologies as technologies that potentially enable sustainable intensification by reducing carbon and nitrogen footprints and improving soil quality. SCAR also points out that agricultural research needs to foster diversity and thereby resilience. Working towards more site-specific practices is closely related with the fostering of  socially, biologically and technologically resilient production systems that can deal with hazards, whether arising from immediate ‘shocks’ or inexpedient management practices, or from more fundamental drivers such as climate change. Spatially specific practices are likely to enable diverse production systems that, at different scales, produce a diversity of outputs. 

Moreover, by better taking into account local environmental conditions, addressing the challenges may help fulfill the Water Framework Directive’s hitherto unfulfilled goals as regards nutrient and pesticide control, as well as Directive 128/2009 requirement that the eight IPM principles be adopted by all EU farmers.

1. Danske forudsætninger

The research and innovation landscape surrounding research on spatially specific resource optimization and accompanying regulatory frameworks include Danish agricultural science and agricultural engineering environments, independent research and technology organizations, agricultural extension services and a number of private companies. 

Danish agricultural research has a long tradition of working closely with sector stakeholders; current research into digital technologies already involves the private sector to a considerable extent. The growth in technology adoption rates both nationally and globally, expected as an effect of the research is likely to benefit industry considerably. In addition, Danish agricultural research, along with environmental science has contributed significantly towards the tendency to produce more for less, as witnessed in the agricultural sector over the past decades. Therefore, Danish agricultural research is well positioned to meet the demand for more knowledge per hectare of the sustainable intensification paradigm.

1. Mål, effekt og perspektiver

The aims of this research proposal are: (i) to maintain and develop sustainable agriculture; (ii) develop concepts for a knowledge-based platform on concrete resource optimization tools, and (iii) replace current top-down and spatially uniform agricultural regulatory regimes with more efficient, spatially differentiated approaches.  These approaches will place emphasis on local data and knowledge on water, soils, climate and agricultural practices, as well as stakeholder acceptance. 

Research at the level of resource optimization is needed in order to maintain and develop sustainable agricultural production. So is the development of approaches, technologies and data for a new regulatory regime that – as outlined in the ‘agricultural package’ – needs to be based on spatially differentiated cultivation rather than the previous ‘one size fits all’ approach. Comparing different scenarios for Danish primary production, the Danish Food Council (2013) suggests that sustainable intensification has the potential to increase agricultural production by 42%, and agricultural exports by 80% by 2030, with considerable employment effects.

The research outlined in this proposal, aligned as it is with grand challenges and research agendas,  is likely to place Denmark in a ‘first mover’ position with respect to research, expertise and technologies for solutions for Europe’s nitrate sensitive areas (see section 3) in particular, but also beyond. Sustainable intensification is widely recognized as the new standard in food production. Strengthening Danish research institutions in the areas proposed is likely to improve access to Horizon 2020 funding.

Lastly, research into the challenges described is likely to lead to growth for private companies producing technical equipment, include drones, cameras, sensors and computational solutions to interpret results; Denmark may in fact become a preferred R&D location for international agriculture and environmental technology companies with concomitant positive employment effects.

1. Kontaktperson
Torsten Rødel Berg torsten.berg@agro.au.dk  Tel 24858115

1. Forslagets prioritering

N.A
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