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Grand Challenges in Waste Management in Agroecosystems
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The identification of the key challenges in waste management in agroecosystems is difficult due to the interdisciplinary character of the topic (soil science, agronomy, microbiology, plant physiology, environment, ecology, technology engineering, etc.), which gives rise to different points of view and priorities.

The interest in and importance of waste management resulted from the concentration of the population in cities following migration from rural areas, industrial development, and the separation of livestock farming from crops, all of which led to accumulation of wastes which needed to be dealt with. The impact of fertilization by inorganic compounds and of organic fertilization with farmyard manure (FYM) on crop yield was first studied in the oldest, continuous agronomic experiments in the world that started between 1843 and 1856 by Sir John Bennet Lawes and Sir Joseph Henry Gilbert in the UK. Such experiments considered different agronomic aspects such as crop rotation, soil texture, and soil pH, in addition to organic (mainly FYM and rape cake) and inorganic fertilization, for different crops in the “Classical” Rothamsted experiments (http://www.rothamsted.ac.uk). Later, these experiments were expanded to include other organic materials—such as straw, peat, green manures, compost, or sewage sludge—in distinct long-term experiments established at Rothamsted and Woburn farms in the twentieth century (http://www.rothamsted.ac.uk). Not only the nutrient supply by the organic wastes was evaluated but also the importance of organic fertilization for maintaining or improving soil organic matter (OM), microbial biomass, and enzymatic activity was revealed, as well as negative effects on soils related to heavy metals from sewage sludge.

Nowadays, the intensive agriculture systems for both livestock and crop production generate huge amount of manure in concentrated areas, which necessitates both on-farm and off-farm management as they cannot be applied entirely to crops. Also, the development of new industries, processes, and materials has increased the variety of organic wastes to be treated. All these require new treatment technologies adapted to these new wastes and accumulations. In fact, the waste policy in modern society is aimed at minimizing the negative effects of the waste generation on human health and the environment. The old linear system of an economy based on a take-make-consume and dispose pattern is converting into a circular system, where the connection between resource use and waste residuals is being made. The ideas of the Circular Economy (EC, 2014) and Bioeconomy Strategy (EC, 2012) are developing in Europe, promoting the sustainable and integrated use of biological resources and wastes for the production of food, energy, and bio-based products. These imply the establishment of new ways of turning waste into a resource and new models of consumer behavior.

Great pressure is being placed on the scientific community to provide answers to the questions arising for these new concepts of Circular Economy and Bioeconomy: development of treatment technologies, enhancement of environmental conservation and sustainability, and ensuring food safety. The grand challenges in waste management in agroecosystems are to provide solutions to problems related to the following:

• Nutrient availability (N and P) from organic wastes: fertilizer efficiency and soil nutrient cycles for efficient substitution of mineral fertilizers.

• Treatment technologies for waste re-use: recovery of nutrients and valuable compounds (biorefinery), anaerobic digestion, and composting to obtain quality products.

• The presence of pollutants or hazardous compounds in organic wastes: bioavailability, toxicity, soil risk assessment, and biological transformation during waste treatment processes for food safety.

• The environmental implications of gaseous emissions—ammonia (NH3), greenhouse gases (GHGs), bioaerosols, particulate matter, odors, etc.—and their mitigation.

• Implication of organic wastes for soil C conservation, microbial diversity, and function.

Agriculture is heavily dependent on synthetic fertilizers (N and P) and their provision results in large environmental impacts at local, regional, and global scales. Therefore, the substitution of nutrients from synthetic mineral fertilizer by waste derived products is a current need. However, the determination of the fertilizer efficiency of organic materials is a challenge since it depends on mineralization–immobilization cycles, dissolution and absorption processes, and pathways of losses from the soil systems (gaseous emissions, surface runoff or leaching; Burton and Turner, 2003; Sommer et al., 2013). Therefore, there is a need for information concerning the plant nutrient availability of certain products (mainly composts and digestates), as frequently only total concentrations are indicated (Alburquerque et al., 2012; Bernal et al., 2017).

New processes for the recovery of nutrients and valuable compounds from organic wastes are under development. The recovery of P by precipitation or struvite formation (Martí et al., 2010; Szogi et al., 2015) and recovery of ammonia from wastes by stripping or using gas-permeable membranes (Serna-Maza et al., 2015; Vanotti et al., 2017) to obtain marketable fertilizers are novel processes for animal manure/slurry and sewage sludge treatment that should be developed industrially. In addition, the quality of the products must be guaranteed for their proper marketing.

The use of organic wastes in agricultural soils may ensure not only high yields but also quality and healthy food, the prevention of pollution, and the maintenance of sustainable soils and ecosystems. Among the major environmental impacts concerning waste management in soil–plant systems is the contamination of soil and water by nutrients, organic carbon, heavy metals, pathogens, and different organic contaminants (Burton and Turner, 2003). Wastewater, sewage sludge, and livestock manures are possible media for the entrance of pharmaceutical compounds and veterinary products (hormones, antibiotics, etc.) into agroecosystems (Hu et al., 2010). Biosolids (high quality, stabilized sewage sludges) are commonly used to improve the soil nutrient content for crop growth in agriculture; in addition, their OM improves soil fertility. However, many pharmaceutical and personal care products, endocrine-disrupting compounds and other emerging contaminants have been detected in the discharge from wastewater treatment plants, indicating their presence in biosolids (Sabourin et al., 2012; Mohapatra et al., 2016), which can be concentrated in crops when using wastewater for irrigation (Calderón-Preciado et al., 2011). Recently, special attention has been paid to studying the efficiency of different waste treatments (composting and anaerobic digestion) for the degradation of veterinary antibiotics and pharmaceuticals (Carballa et al., 2007; Ho et al., 2013; Mitchell et al., 2015; Wang et al., 2015; Butkovskyi et al., 2016). But a deeper knowledge about the transformation of organic pollutants during anaerobic digestion and composting is needed to ensure both the quality and safety of digestates and composts for the commercial market and acceptance by the users (Bernal et al., 2017).

Persistent organic pollutants (POPs), including the polybrominated diphenyl ethers and the polycyclic aromatic hydrocarbons (PAHs), generally have poor water solubility, do not degrade readily in the environment, bioaccumulate in food chains, and have been linked to adverse health effects in both humans and wildlife. The accumulation of POPs in the sludge can occur, and biodegradation has been found in activated sludge (Katsoyiannis and Samara, 2005). The PAHs are the main classes of contaminants of environmental concern, considered toxic and persistent (Haritash and Kaushik, 2009), 16 of them being classified as priority pollutants by the USEPA. The rate of PAH16 biodegradation depends on the pH, temperature, oxygen, microbial population, degree of acclimation, accessibility of nutrients, chemical structure of the compound, cellular transport properties, and chemical partitioning in the growth medium (Haritash and Kaushik, 2009). However, their degradation process in the soil is complex and not fully understood (Serrano et al., 2009). Therefore, the land use of municipal biosolids may have a bioaccumulation and magnification effect on emerging and persistent contaminants, affecting the equilibrium of biological systems from individuals to entire ecosystems. For PAH16 in compost and digestate, a limit of 6 mg/kg dry matter in the EU has been proposed (Saveyn and Eder, 2014). The persistence in soils and during aerobic (composting) or anaerobic treatments of such specific contaminants, their degradation pathways, and their effects on crop production and quality represent another challenge for researchers. Therefore, the adoption of monitoring protocols and the constant innovation of treatment techniques are the key for future safe fertilization using biosolids and manures.

Management of organic waste has been identified as a major source of anthropogenic emissions contributing to regional (eutrophication, acidification) and global scale (climate change) environmental issues. The microbial degradation of organic-C compounds present in wastes is responsible for the N2O and CH4 production and emissions. Chadwick et al. (2011) reviewed the GHGs emissions from livestock (animal houses, manure storage and treatment, and land spreading) using a whole-system approach (a mass balance). Cattle are considered a key contributor to GHGs emissions, in relation to both the CH4 emitted from enteric fermentation and manure management (VanderZaag et al., 2011). For effective mitigation of the gaseous emissions from solid waste, actions should be taken at all levels of the system, from the animal feed and manure management at the farm to storage and treatment systems (such as anaerobic digestion, biofiltration, and composting) and soil application (Chadwick et al., 2011; Gerber et al., 2013; Pardo et al., 2015; Bernal et al., 2017). The feeding strategy is being considered the key strategy for mitigation of GHGs (Chadwick et al., 2011). However, the variability of the results found, due to the different manure characteristics, climatic environments, soil types, and agronomic and farming conditions, make modeling a necessary tool in order to obtain a true estimate for a variety of situations and climatic conditions, especially in warmer climates (Petersen et al., 2013). Controversy exists concerning the present emission factors used for calculating GHG emissions according to the Intergovernmental Panel on Climate Change (IPCC, 2013) and the values may be refined in the future (Pardo et al., 2015).

The GHG emissions from wastewater and sewage sludge treatment plants depend on several processes (thickening, anaerobic digestion, dewatering, incineration, and melting), and high CH4 and N2O emissions occur from sludge cake at the landfill site (Soda et al., 2010). Some studies have been carried out on stabilization techniques (liming, anaerobic digestion, and composting), and the use of additives to mitigate the emissions from sewage sludge (Yoshida et al., 2015; Wang et al., 2017). The stabilization processes tend to reduce both CH4 and N2O emissions from soils, in comparison with the use of the raw or dewatered sewage sludge.

For soil waste management practices to be sustainable, their environmental impact associated with climate change (GHGs) and ecosystems acidification (ammonia: NH3) should be minimized. So, mitigation options should be tested, evaluated, and implemented across climatic zones for the agro-industrial sectors implicated: not only livestock production systems, but also other sectors such as wastewater treatment and sewage sludge management.

The impact of the use of organic wastes on the soil ecosystem remains unclear. Positive effects are associated with the OM provided by the waste materials, which increases the humus content of the soil and the activity and diversity of soil microbial populations. But a negative impact on soil microorganisms can result from the presence of contaminants (organics and heavy metals). The impact of biosolids application on soil microbiota has been extensively studied in short-term experiments. But, the long-term disposal of biosolids can affect negatively the diversity of soil bacteria and fungi due to heavy metals accumulation (Mossa et al., 2017). The composition of soil microbial communities is sensitive to a variety of land use changes, including agricultural practices such as fertilization, which can cause shifts in the bacterial community resulting in decreased overall diversity and/or disruption of biogeochemical processes, leading to alterations in ecosystem functioning (Coolon et al., 2013). Understanding of the continuous environmental changes and impacts of anthropogenic effects on the environment and climate is vital for future agricultural practices (Santoyo et al., 2017). Currently, it is still poorly understood whether increased soil (microbial) diversity is beneficial for the functioning and sustainability of agricultural systems. A new challenge is to identify the consequences of changes in microbial community structure associated with soil application of wastes, in relation to agroecosystems soil function.

Therefore, five main challenges have been identified in waste management in agroecosystems: to improve nutrient availability and soil cycling; to develop technologies for nutrient re-use; to reduce contaminants and improve food safety; to mitigate environmental emissions; and to enhance soil health and function.
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