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Abstract

:

Soil degradation is one of the most topical environmental threats. A number of processes causing soil degradation, specifically erosion, compaction, salinization, pollution, and loss of both organic matter and soil biodiversity, are also strictly connected to agricultural activity and its intensification. The development and adoption of sustainable agronomic practices able to preserve and enhance the physical, chemical, and biological properties of soils and improve agroecosystem functions is a challenge for both scientists and farmers. This Special Issue collects 12 original contributions addressing the state of the art of sustainable agriculture and soil conservation. The papers cover a wide range of topics, including organic agriculture, soil amendment and soil organic carbon (SOC) management, the impact of SOC on soil water repellency, the effects of soil tillage on the quantity of SOC associated with several fractions of soil particles and depth, and SOC prediction, using visible and near-infrared spectra and multivariate modeling. Moreover, the effects of some soil contaminants (e.g., crude oil, tungsten, copper, and polycyclic aromatic hydrocarbons) are discussed or reviewed in light of the recent literature. The collection of the manuscripts presented in this Special Issue provides a relevant knowledge contribution for improving our understanding on sustainable agriculture and soil conservation, thus stimulating new views on this main topic.
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1. Introduction


The ongoing global climate changes and the ever-increasing world population impose the adoption of agroecological or eco-sustainable production techniques to increase the resilience of the most fragile agrosystems [1]. For this reason, from many directions, a multidisciplinary scientific paradigm is increasingly suggested to better approach the complex problems concerning soil protection and sustainable agriculture [1,2,3].



The development and adoption of sustainable agronomic practices able to preserve and enhance the physical, chemical and biological properties of soils and improve agroecosystem functions is a challenge for both scientists and farmers [4]. In recent decades, much has been done because, on one hand, scientists have improved and simplified the measurement methods in specific research sectors, and on the other hand, the process of transferring research outputs to farmers has been enhanced. The latter has been considerably extended thanks to research funding granted by the National and Supranational Political Institution, which increasingly involves farmers and stakeholders. From a scientific point of view, much progress has been achieved in the development of sustainable practices based on minimal soil disturbance, the use of cover crops, organic mulching, crop rotations, water and nutrient conservation, recycling crop residues and livestock manure for soil amendment, precision agriculture and so on, and many reviews have summarized the state of the art and traced the future trajectories (among others, refs. [5,6,7,8,9]). However, much remains to be explored, and Special Issues stimulating the scientific community on these main topics are desirable.



The main goal of this Special Issue (SI) is to collect and present recent research on sustainable agriculture and soil conservation. A synthesis of the main results is reported in the following section.




2. Overview of This Special Issue


This SI collects 12 original contributions focused on soil use and management, soil conservation, as well as on the impact of some pollutants on the soil. Specifically, the SI collects nine research papers [10,11,12,13,14,15,16,17,18], two reviews [19,20] and one methodological work [21]. Eight of the twelve manuscripts considered the effects of soil use and management (topic I) [10,11,12,13,14,15,16,21], while the remaining four [17,18,19,20] evaluated the impact of some soil contaminants (e.g., crude oil, tungsten, copper and polycyclic aromatic hydrocarbons) (topic II). This grouping was used to detail the contents and for the reader’s usefulness.



Regarding the aforementioned nine investigations (i.e., research papers), seven were carried out in the field [10,11,12,13,14,15,16], while the others accounted for pot [17] or microcosm [18] experiments. From a geographical point of view, five “field open-air” investigations were carried out in Italy (three in the south [12,13,16], one in the center [15] and one in the north [10] of Italy), while the remaining investigations were in Brazil [14] and China [11].



Topic I comprises eight papers. Pastorelli et al. [10] investigated the short-term effects of digestate on soil properties through a holistic approach, thus investigating the soil’s physical, chemical and microbiological properties and their interactions. The digestate effects were evaluated in the two maize growing seasons within a 2-year maize–triticale rotation to feed the biogas plant. The main results showed that the digestate (1) increased the soil’s total organic C, total N and K contents, (2) did not affect the soil bulk density while transiently improving the soil aggregate stability, (3) decreased the soil transmission pores (50–500 µm size) proportion as well as increasing the fissures (>500 µm), (4) only transiently affected the soil’s microbial community and did not cause soil contamination from Clostridiaceae-related bacteria, (5) significantly impaired seed germination when applied at low dilution ratios and (6) did not improve the crop yield, as it was similar to usual mineral fertilization. In the context of energy crop farming, the authors concluded that the agronomic recycling and usage of digestate from biogas production assured a sustainable crop yield and soil quality. Therefore, digestate was confirmed as a valid resource for sustainable management of the soil’s fertility.



Wang et al. [11] investigated the prediction of soil organic matter (SOM) from visible and near-infrared (VNIR) spectra, taking into account the presence of nonlinear relationships and spatial heterogeneity conditions. Specifically, they combined the proposed partial least squares-based multivariate adaptive regression spline (PLS–MARS) method and a regional multivariable associate rule mining and Rank–Kennard–Stone method (MVARC-R-K-S) to construct a nonlinear prediction model to realize local optimality considering spatial heterogeneity. The method, which was applied and validated for a case study in Hubei (China), was able to filter the spatial autocorrelation present in the investigated area. In addition, it showed improvements compared with some available methods in terms of accuracy and robustness, suggesting the reliability of the proposed prediction model.



Losciale et al. [12] compared four soil management strategies at a peach orchard, namely (1) completely tilled (control); (2) mulched with reusable reflective plastic film; (3) mulching with a leguminous cover crop flattened after the peach fruit set; (4) completely tilled and irrigated with the water volumes of the treatment with reflective mulching. The effects on the soil features, water use efficiency (WUE), tree functionality, fruit growth and quality, yield and water productivity were investigated. The main results showed that when using 50% of the regular irrigation, reusable reflective mulching reduced the water loss and soil carbon mineralization while not affecting (and sometimes increasing) the net carbon assimilation, yield and fruit size. Consequently, water productivity was drastically increased. The investigation allowed for the conclusion that a reflective mulching strategy is promising from the point of view of WUE optimization, especially in hot and dry areas with clay soils and low organic matter contents.



De Mastro et al. [13] investigated the effects of different soil management methods (conventional tillage, CT, minimum tillage, MT, and no-tillage, NT), both with fertilization and without fertilization, on the quantity of SOC at different soil depths and soil particle size fractions. Diffuse reflectance infrared Fourier transform spectroscopy (DRIFT) was also performed to obtain information on both the SOC quality and the mineralogical composition of these soil fractions. The results showed that CT provided the highest amount of the finest fraction, while fertilization improved the microbial community with the increase of soil microaggregates. The coarse fraction was highest in the upper soil layer, while the finest fraction was highest in the deepest one. The greatest OC content was observed in the topsoil layer and in the finest soil fraction. The DRIFT analysis could provide information about the quality of the main minerals present in the different soil size fractions.



Lozano-Baez et al. [14] measured both the unsaturated and saturated soil hydraulic conductivity, determined with simple and low-cost field infiltration methods—a minidisk tension infiltrometer, MDTI [22], and Beerkan [23]—for three land covers, namely (1) pastures, (2) 9-year-old restored forest and (3) remnant forest. The paper, which was relevant because it provided the first measurements of soil water repellency (SWR) in the Brazilian Atlantic Forest, proved that MDTI and Beerkan infiltrations gave complementary information, highlighting increasing hydraulic conductivities, especially at the remnant forest plots, when moving from near-saturated to saturated conditions. Moreover, measuring the hydraulic conductivity with MDTI allowed the estimation of the macroscopic capillary length [24], which is a hydrodynamic soil parameter useful for investigating the impact of soil management on water saving [25]. The authors concluded that the applied approach (MDTI + Beerkan) allowed the design of better estimates of the saturated soil hydraulic conductivity under challenging field conditions, such as soil water repellency (SWR).



Amoriello et al. [15] evaluated the impact of soil amendment with biochar from brewers’ spent grain (BSG) on hop growth. The field investigation was carried out in Rieti (central Italy). Three different German cultivars of hop plant were considered, and biochar was added at a 20% level. Biochar’s effects on root development, shoots, bine length and crop yield were evaluated using multivariate image analysis and general linear models. The results showed that biochar significantly improved root growth. Overall, no variability in shoots, number of leaves or bine length was observed between the two treatments for all cultivars or among the genotypes considered. Moreover, soil amendment significantly improved the yield (number of cones). The authors concluded that BSG-derived biochar could be useful for improving hop plant growth and cone production because it can supply key nutrients for plant growth and improve the soil’s properties.



Montemurro et al. [16] evaluated the production capacity of organic horticultural systems and the ex-post sustainability using a new multi-attribute decision model named DEXi-met. Specifically, they compared three horticultural systems in Metaponto (south Italy): (1) ECO (organic system with full implementation of agroecological strategies, agroecological services crops (ASC), strip cultivation and organic amendment), (2) GM (organic system with the introduction of ASC) and (3) no ASC (organic system without agroecological services crops). The qualitative response of the DEXi-met model suggested that the treatments with ASC returned similar total energy outputs, indicating the positive effect of this agroecological practice. Therefore, the authors pointed out that the ECO system could contribute to building up more complex agroecosystems, increasing both the resilience and biodiversity in organic agriculture.



Sofo and Ricciuti [21] presented a standardized method, named Biolog® EcoPlates™ (Biolog Inc., Hayward, CA, USA), to analyze the functional diversity of bacterial communities by means of measuring their ability to oxidize carbon substrates. Specifically, they reported a detailed methodological procedure which was easy to follow and reproduce (i.e., a detailed and step-by-step description of soil preparation, dispersion and dilution, optimal bacterial density of the inoculum and so on), based on previous data and experiments. To this aim, a case study of the soils of a Mediterranean olive orchard was reported for comparing the methods and justifying the methodological protocol proposed. The authors emphasized that the results of this methodological paper could be important for correctly evaluating and comparing the microbiological fertility of the soils managed with sustainable, conservation-based practices or conventional, non-conservation-based ones.



Topic II comprises four papers. Zhang et al. [17] evaluated the impact of differentlevels of crude oil on the soil properties, physiological and chemical parameters of maize leaves and the phenanthrene content in the leaf. The results showed that (1) the soil water content significantly increased as the total petroleum hydrocarbons increased, and the soil electrical conductivity significantly increased compared with the control, and (2) the stomatal length and density, leaf K and Na contents and phenanthrene leaf concentration decreased in the contaminated soil compared with the reference group. The authors concluded that the stomata structure of maize could be influenced by crude oil, thus possibly controlling the accumulation of polycyclic aromatic hydrocarbons in aerial tissues. Practical implications for contaminated soil management were also hypothesized. Indeed, because stomata can play a key role in the aerial uptake of pollutants, regulation of stomatal movement can be usefully applied in phytoremediation of contaminated soil.



Petruzzelli and Pedron [18] investigated the influence of the soil characteristics on the tungsten uptake by maize for three different soils—Histosol, Vertisol and Fluvisol—in the Mediterranean area. Tungsten is largely used in high-tech and military industries. Therefore, soils are increasingly enriched in this element, and the possible transfer in the food chain represents a current issue in agroenvironmental studies. The results showed that tungsten concentrations in the roots and shoots increased with the increasing soil pH and decreased with the increasing organic matter. Further investigations were suggested by the authors to fully understand the mechanisms of tungsten transfer from the soil to the plant and the corresponding environmental impact of this element on human health.



Cesco et al. [19] reviewed the issue of copper (Cu) accumulation in European vineyard soils due to massive application from different sources (among others, metal-contaminated sludges and Cu-based pesticides for crop defense against pathogens). Although Cu is an essential micronutrient for equilibrated crop growth, excessive Cu concentrations in soil may lead to severe symptoms of toxicity, which are beginning to be recognized in crops and, particularly, in acidic soils. After dealing with the state of the art on this topic, they listed and discussed several current challenges, including (1) copper effects on soil agrobiodiversity, (2) rhizosphere management (management of soil–root–microorganism interactions), (3) biotechnologies and breeding for a more resistant plant material and (4) smart viticulture.



Sayara and Sánchez [20] reviewed the topic of bioremediation of contaminated soils due to the accumulation of polycyclic aromatic hydrocarbons (PAHs). Specifically, they focused on the application of compost as a type of biostimulation or bioaugmentation treatment to facilitate the bioremediation of soils contaminated with PAHs. Moreover, the authors reviewed the use of composting as an ex situ bioremediation strategy for PAH-contaminated soils. After dealing with the properties and sources of PAHs, they discussed the bioremediation of PAH-contaminated soils by composting and bioaugmentation (reviewing the effects of PAH characteristics and concentrations, temperatures of treatment, organic co-substrate stability and the mixing ratio), also describing the consequences of PAH bioavailability and biodegradation pathways. The authors concluded that, although the use of compost and composting in several remediation strategies significantly improved the removal of PAHs in contaminated soils, further investigations are needed in this research field.




3. Conclusions


The 12 manuscripts presented in this Special Issue can contribute to improving our understanding of sustainable agriculture and soil conservation through the development and adoption of specific agronomic practices able to preserve and enhance the physical, chemical and biological properties of soils. The derived improvement of agroecosystem functions goes in the direction desired by both scientists and farmers. The investigations presented considered various crops, three different countries and multiple pedoclimatic conditions.



For the reader’s convenience, the collected contributions were summarized in two main groups to provide results on the effects of soil use and management (topic I) and on the impact of some soil contaminants (e.g., crude oil, tungsten, copper and polycyclic aromatic hydrocarbons) (topic II).



The common conclusions drawn by the authors of this SI agree on the importance of both improving the available options for soil conservation and developing, implementing and sharing new techniques for the sustainable use of the soil.
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