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Soils are central to life on Earth because they provide food, clean water, and air due to their filtering capacity; raw materials; habitats for living organisms; and climate resilience via carbon sequestration, therefore supporting a variety of ecosystem services [1]. Despite this, soil’s life-sustaining functions have been underestimated until recently, and few people seem to be aware of them. It is now clear that soil plays an active role in maintaining life and that life is unable to exist without it. The insights about soils that have been gleaned over the last few decades have revealed that these complex systems are fragile, scarce, non-renewable, threatened resources as well as a crucial link between local and global environmental issues. Healthy soils are critical to achieving the Sustainable Development Goals (SDGs) outlined in the United Nations and the Europe Green Deal strategy [2]. In the Europe context, it is estimated that between 60 and 70% of EU soils are unhealthy due to erosion, contamination, compaction, carbon depletion, biodiversity loss, and sealing.



Soil contamination has been identified and as one of the main threats to soil, inducing the degradation of global soils and driving long-term losses of the ecosystem services that they provide. As a result of human activities, the amount of soil contamination caused by heavy metal(loid)s has severely increased over the last few decades and has become a worldwide environmental issue that has attracted considerable public attention [3,4]. Soil contamination changes biota composition and affects water, air, and food quality, degrading human health. Although many research efforts have highlighted how soil contamination is a global threat, providing an overview of the importance of healthy soil, there is still a great need for additional information from different regions around the world, and concrete strategies, which can be implemented to address the causes and impacts of this major threat, urgently need to be developed.



In this context, this Special Issue was launched with the scope of bringing together articles presenting the development of novel science-based methods and applications that enhance the remediation of contaminated soil by focusing on (1) the identification of the main sources of soil contamination caused by heavy metal(loid)s (HM)/potentially toxic elements (PTEs) in different soil types, (2) the chemistry, speciation, potential mobility, and bioavailability of the contaminants that are commonly found in contaminated soils, (3) the assessment of the negative impacts and risks associated with HM/PTE-induced soil contamination on crop yields, soil biota, food security, and human health, (4) the available methods and strategies for monitoring, assessing, and remediating soils that have been contaminated by HM/PTEs, and (5) guidelines that include threshold values for HM/PTE levels in soils at national and regional levels.



HM/PTE contamination in anthropogenic urban soils constitute a major environmental problem, and therefore, urban soils are often subject to detailed risk-assessment and management studies [5,6]. Contamination is often assessed in terms of total concentrations, revealing possible soil enrichment due to heavy metals, and is used to establish regulatory guidelines for policy decisions. However, various authors have recognized that it is the bioavailability of metals that determines their fate and behavior in the environment [7,8]. In this respect, the article of Moreno-Alvarez et al. [9] focuses on the pseudo-total, -available, and -acid-oxalate concentrations that are extractable from urban soils of Havana, Cuba. They observe that the pseudo-total concentrations were generally higher than the average values for the world’s soils that they were similar to those published for urban soils. Moreover, the study shows that Fe, Ti, V, Ni, Cr, and Co were mainly of lithological origin, whereas the contribution of anthropogenic sources related to industrial activities, fuel combustion, and the application of organic amendments to soil were connected to Cr, As, Hg, Pb, Zn, Cd, and Cu levels. The toxicity limits for the bioavailability of Cd, Ni, Mn, and Pb were exceeded by 14%, 10%, 39%, and 56% of samples, respectively; therefore, the authors argue that guidelines underlining the safety limits for the better management of the urban agriculture activities should be introduced.



As they comprise a significant part of urban ecosystems, roadside soils have attracted the interest of researchers for at least four decades [10]. Roadside soils are greatly affected by man-made changes that affect their physicochemical and biological properties, and many studies have pointed out that the metal concentrations in these soils depend on traffic intensity. In that context, De Silva et al. [11] deal with the bioavailability of metals aged in roadside soils in situ. Using soil samples collected from sites representing three road of different ages (new, medium, and old roads) and different techniques (diffusive gradients in thin films technique, soil water extraction, CaCl2 extraction, total metal concentrations, and optimized linear models), the study provides insights into the kinetics of the long-term metal aging that causes metal bioavailability to decrease over time.



Although some PTEs such as Selenium (Se) are considered essential micronutrients at low concentrations, they can be hazardous to human health at concentrations exceeding tolerable doses [12]. Given this constrain, Zafeiriou et al. [13] examined the adsorption and desorption processes of Se(IV) that had been freshly added to acid and alkaline soils, aiming to describe the Se’s geochemistry in terms of its bioavailability and contamination risk via leaching. The acidic soils adsorbed significantly higher amounts of the added Se(IV) than the alkaline soils did, and the alkaline soils desorbed more Se. Taking into consideration that biofortification through plant uptake is also crop/plant-dependent, the application of Se(IV) to agricultural soils should be site-specific, as Se poses a high leaching hazard risk in alkaline soils with low concentrations of metal oxides, while low Se availability may result in acidic soils with a high metal oxide content.



Several soil remediation strategies have been used among the scientific community in the last twenty years [14]. The application of low-cost and eco-friendly materials as immobilizing agents in HM/PTEs-contaminated soils has gained significant interest, and there is now an urgent need to understand their functionality in contaminated soils [15]. The extensive application of biochar, which acts as a contaminant scavenger, has received significant consideration for HM/PTE-contaminated soil remediation [16,17].



In this respect, the article by Cui et al. [18] focuses on the effect of wheat straw biochar on soil Cd and Pb bioavailability, uptake, and translocation by rice in a contaminated paddy soil. They observed that biochar application reduced Cd (16.1–84.1%) and Pb (4.1–40.0%) transfer from root to rice grain, simultaneously improving physicochemical (moisture content, pH, organic matter) and biological (enzymatic activity and microbial community structure) properties of the soil. According to the authors, understanding the role of biochar at the atomic level is critical to unraveling the mechanisms by which biochar stabilizes in situ heavy metals over longer time periods and in different soil types.



Phytoextraction, a strategy that uses plants to accumulate HM/PTEs in the biomass, is an alternative approach to restore contaminated soils and that has several limitations impeding its use in commercial applications [19,20]. As a practical example of this phytoremediation approach, Antonangelo and Zhang [21] dealt with the influence of nitrogen (N) added via biochars from different feedstocks on the cadmium (Cd) removal ability by ryegrass. Interestingly the authors applied different biochar doses to shows how N accumulation increases as a function of the biochar application rate, and this increase contributed to higher ryegrass yield and Cd accumulation.



Microbially-assisted phytoremediation is an innovative strategy that is based on the use of plant growth-promoting rhizobacteria (PGPRs) to enhance the phytoremediation efficiency [22]. In this respect, the article by Zafar-ul-Hye [23] focuses on the effect of Stenotrophomonas maltophilia and Agrobacterium fabrum to improve nutrient uptake and to alleviate the adverse effects of Cd in bitter gourd. The results showed that the treatment of A. fabrum combined with NPK fertilizers showed an increase in the number of bitter gourds per plant (34% and 68%); fruit length (19% and 29%); bitter gourd yield (26.5% and 21.1%); and N (48% and 56%) and K (72% and 55%) concentrations of the control grown under different soil cadmium concentration (2 and 5 mg kg−1 soil). The study concluded that A. fabrum is more effective that S. maltophilia in alleviating Cd-induced stress in bitter gourd.



Despite the increasing awareness of soil degradation due to contamination, as pointed out in this Special Issue, much more research is needed to better understand the behavior of HM/PTEs in soils with different pedoclimatic conditions, their interactions with soil components, and the development innovative and efficient remediation procedures for the recovery of contaminated soils.
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