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Organic agriculture is one of the best developed multifunctional production strategies in agriculture, and yet is
not widely understood in terms of its full potential for contributing to food security, economic development, and
environmental health. This special edition of the journal Sustainable Agriculture Research explores the
knowledge, innovations, potentials, and research needs that will strengthen the links between organic food
systems, sustainable production, and enhanced ecosystem services. The following articles are from an
international conference titled “Innovations in Organic Food Systems for Sustainable Production and Ecosystem
Services,” held on 1-2 November 2014 in Long Beach, California. The conference was co-sponsored by the
Organisation for Economic Co-operation and Development (OECD) Co-operative Research Programme on
Biological Resource Management for Sustainable Agricultural Systems, the International Centre for Research in
Organic Food Systems (ICROFS), the United Stated Department of Agriculture, National Institute of Food and
Agriculture (USDA-NIFA), and the American Society of Agronomy (ASA).

The articles presented here provide concrete evidence of the capacity of organic agriculture to meet a diverse set
of societal goals. The framework of ecosystem services as it relates to agriculture and the environment has
emerged in recent years in scientific literature and international discussions, such as the Millennium Ecosystem
Assessment (2005) and the International Assessment of Agricultural Knowledge, Science and Technology for
Development (Mclntyre et al., 2009). Organic agriculture has embodied this concept from its inception. As
defined by the International Federation of Organic Agriculture Movements (IFOAM), “Organic agriculture is a
production system that sustains the health of soils, ecosystems, and people.” The multifunctionality of organic
agriculture is well illustrated in this issue with examples related to enhancing soil quality and farm profitability
(Delate et al., 2015), reducing nitrate leaching and increasing nitrogen use efficiency (Cambardella et al., 2015),
increasing phosphorus use efficiency (Lynch, 2015), enhancing food quality (Heckman, 2015), and improving
food security for smallholder farmers (Halberg et al., 2015).

The papers in this issue are presented in the context of recent calls for ‘ecological intensification’ as a new
pathway for sustainable agriculture to achieve global food security (FAO, 2011; UNCTAD, 2013). As outlined
by Niggli et al. (2008), eco-functional intensification of organic agriculture involves improving our knowledge
and application of biological principles and agro-ecological methods to optimize system processes and increase
synergies among system components, with the aim of enhancing the health, productivity, and resilience of the
agro-ecosystem, food system, and environment. Jensen et al. (2015) illustrate the synergistic effects of enhancing
spatial crop diversity through intercropping grains and legumes. Hokkanen et al. (2015) provide an example of
optimizing system processes by using crop pollinators to precision deliver biocontrol agents in small fruits.
Lynch (2015) describes how organic pasture systems enhance phosphorus cycling such that forage yields are
equivalent to conventionally managed pastures despite significantly lower soil test phosphorus levels. Heckman
(2015) and Vaarst (2015), in separate papers, discuss the importance of integrating livestock, trees, and pasture
for eco-functional intensification of organic agriculture.

The complexity of agro-ecological systems and the input restrictions imposed for organic certification have
fostered a unique culture of farmer experimentation, innovation, and collaboration that has and will continue to
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be a key driver of advancements in organic agriculture. Vogl et al. (2015) argue that while farmer
experimentation is intrinsic to all agricultural endeavors, it is uniquely important in organic systems because
adapting organic practices to specific sites is inherently knowledge intensive. The author calls for explicit efforts
to create environments that encourage creativity, open communication, and reflection on both the experimental
process as well as outcomes. Vaarst (2015) explores the role of farmer groups in addressing the need for context
specific knowledge generation in the development of complex integrated animal farming. Padel et al. (2015)
discuss how the effective combination of experiential and experimental knowledge, via farmer-researcher
collaboration and participatory research, can drive innovation, and can be encouraged through farmer research
funds and innovation awards.

Despite significant advances, key challenges remain if organic agriculture is to develop its full potential as a
sustainable food production strategy. Niggli (2015) outlines the main factors limiting yields and yield stability in
organic agriculture, and argues for a research approach based in agro-ecological theory to address these factors.
Such an approach, explain Abbott and Manning (2015), requires a better understanding of the complex soil
system and the interactions between biological and mineral fractions and bio-physical and bio-chemical
processes. From a management standpoint, cover crops and green manures offer multiple essential functions
including fixing nitrogen, adding organic matter, and providing habitat for beneficials, and are thus critical to the
success of organic systems. However, the development of best management practices and suitable germplasm are
needed to assure that cover crops can reliably provide these functions. For instance, the method by which green
manure are terminated can significantly impact nitrogen use efficiency, as discussed by Lynch (2015).

Reducing reliance on tillage in organic systems is being explored for the potential to enhance energy efficiency,
soil quality, and water availability. Canali (2015) presents results from research on a no-till cover crop system for
Mediterranean vegetable production. Kopke et al. (2015) provide evidence that periodic tillage in organic
systems may be beneficial in terms of enhancing nutrient cycling between the subsoil and surface soil, and offers
a glimpse into the unique role that subsoil processes play in nutrient dynamics.

Ensuring that organic agriculture will meet society’s evolving expectations for sustainable production and
ecosystem services is another challenge. Merfield et al. (2015) note that while research supports the assertion
that organic can deliver better economic, social, and environmental outcomes than other production systems,
organic standards still do not cover many of the broader dimensions of sustainability. The authors describe an
ecosystem services benchmarking tool for farmers to compare their production system anonymously with others
in their community as a means of fostering innovation and learning. Jensen et al. (2015) call for more
widespread adoption of evaluation metrics that measure yields in relation to environmental and social impacts;
and Vaarst (2015) advocates for including factors that are more difficult to measure, like fairness and
humaneness, in organic evaluations. Barberi (2015) argues that developing solutions based on functional
biodiversity, rather than input substitution, will result in systems that are more resilient to biotic and abiotic
stresses, and products that are more easily differentiated by consumers.

Organic agriculture has yet to become a dominant production method in any region of the world yet it serves a
much broader role than is suggested by figures for the land area under organic certification or proportion of
market share. Organic agriculture offers a “protective space” that fosters agro-ecologically based solutions to
difficult questions (Niggli, 2015). The constraints imposed on the system encourage innovations that address
simultaneous goals of food security, economic development, and environmental health; and that advance our
collective understanding of the complex ecological processes underlying all agricultural systems. We hope the
articles in this issue serve as a unique resource of information and inspiration for further research, innovation,
policy recommendations, and development of organic and sustainable agriculture.
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