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ABSTRACT

In the face of climate change, ecosystem destruction, desertification, and increasing food demand, soil conservation is crucial for ensuring the
sustainability of life on Earth. The Soil Section of Heliyon aims to be a platform for basic and applied soil science research, emphasizing the central
role of soils and their interactions with human activities. This editorial highlights recent research trends in soil science, including the evolving
definition of soil, the multifunctionality of soils and their biodiversity, soil degradation and erosion, the role of soil microflora, advancements in soil
mapping techniques, global change and the carbon cycle, soil health, the relationship between soil and buildings, and the importance of considering
soil quality in land use planning and policies. The Heliyon Soil Science section seeks to publish scientifically accurate and valuable research that
explores the diverse functions of soil and their significance in sustainable land-use systems.

In the present scenario of climate change, progressive destruction of natural ecosystems, desertification, increasing food demand,
and social and economic uncertainties, soil conservation is a fundamental pillar for attaining the sustainability of our life on Earth. The
Soil Section of Heliyon aims to be the mouthpiece of basic and applied soil science research visualizing this central role of soils and how
it is impacted by human action.

The leitmotiv of Heliyon, and of its soil section, is to publish any paper reporting scientifically accurate and valuable research,
which adheres to accepted ethical and scientific publishing standards. This editorial aims to highlight recent research trends that may
guide and inspire our potential contributors.

Soil Science research has experimented spectacular change during the last decades and even the definition of soil and soil science is
changing with the progress in experimental technologies and scientific knowledge [1]. The view of soil as a mere physicochemical
system serving as a substrate to sustain vegetation and crop production has been replaced by the recognition of the multifunctionality
of soils and their biodiversity ([2] [3]). This is opening new perspectives into the research of the dynamic mechanisms putting soil into
the centre of mitigation of climate change, carbon sequestration, sustainability of food production, nutrient cycling, water storage and
purification, source of raw materials including construction materials, pharmaceuticals and genetic resources, and even the archae-
ological cultural heritage.

Among the captivating subjects that ignite the field of soil science, the degradation of soils, specifically erosion, stands out as a
prominent topic [4]. Undoubtedly, another crucial aspect to investigate is the living component of the soil, with a particular emphasis
on the microflora [5-7].

The representation of soil on a map is inherently intertwined with the evolution of the discipline since its inception. This subject
continues to captivate attention, particularly concerning the methods of gathering data (which are becoming increasingly from
remote) and the systems employed for data processing [8,9]. An area of interest that is experiencing a rapid growth is the subject of
global change ([10] the ramifications related to the carbon cycle ([11, 12][13]). The topic of soil health remains somewhat ambiguous,
yet it is steadily gaining popularity.
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The relationship between soil and buildings [14] or soil as a building material (on other celestial bodies), however sporadic, are
certainly themes of the future [15].

Land use, intricately tied to planning and policies, undergoes continuous evolution, necessitating an increasing emphasis on the
consideration of soil quality [16,17]. A fertile land which can be likened to a metaphorical untouched wilderness, demanding utmost
attention.

1. Illustrating the functions of soil: an in-depth perspective

In an era marked by growing concerns over environmental sustainability and food security, the Heliyon Soil Science section has the
ambition to open some windows on the complicated dynamics of Earth’s most vital resource: soil. Soil that since the dawn of hu-
mankind has developed various functions, in addition to the original one of supporting life on planet Earth. Functions that would
satisfy the development and growth of this new and demanding species. In earlier times, when technology was limited, land use was
restricted by the natural functions of the soil. Over time, however, advances in technology have led to a disconnection between soil
functions and land use. When certain natural functions were inadequate for specific types of land use, humans employed technology to
solve the problem: wet soils were drained, dry soils irrigated, poor soils fertilized. Recently, there has been a growing emphasis on
sustainable development, which has highlighted the negative consequences of altering natural soil functions. Drainage, for instance,
can cause peat oxidation, the creation of greenhouse gases, and acidification. Irrigation may result in salinization. Over-fertilization
can result in water pollution. To achieve sustainable land-use systems that balance economic, environmental, and social criteria, it is
important to consider natural soil functions to avoid disrupting natural processes, which can be difficult to correct. Soil performs
various functions, and we can differentiate them based on their roles. Some commonly mentioned soil functions include: (1) producing
crops, (2) carrying traffic and buildings, (3) filtering, buffering, and reacting to solutes passing through, (4) providing base materials
for industry, (5) offering a habitat for plants, animals, and microbes and (6) reflecting past practices as a cultural and historical artefact
[18]. The goal of HLY Soil Science is to host papers describing at least one of these soil functions.

1.1. Some extreme examples: soil reflecting past practices, soil filtering-buffering-reacting capacity, plant and soil interaction

>Between other functions, soil also plays an important role in the preservation of our archaeological records. In this case, some
essential techniques that have gained significance. For instance, the possibility of studying isotopes has opened many windows on our
past: carbon [19], or nitrogen [20], or strontium (Sr) isotopes ([21] The first nationwide Sr isotope baselines are starting to be available
[22, 23]. Cutting-edge techniques, such as analysing rare earth elements (REE) in both soils and artefacts, might provide crucial in-
formation about the history of the area and the origin of the materials used by ancient civilizations [24, 25]. In addition, for the
exploration of the historical function of the soil some techniques have become important:

Light Detection and Ranging (LiDAR) [26]
X-ray fluorescence spectroscopy [27]
Uranium-thorium (U-Th) dating [28]
Multi-sensorial remote sensing [29]
High-throughput sequencing [30]
Portable X-ray fluorescence (pXRF) [31]
Unmanned aerial vehicles [32]

3D Printing [33].

>Soils act as both source and sink of greenhouse gases thus strongly influencing global climate. Both the organic (SOC) and
inorganic (SIC) soil carbonools can contribute to the opposed processes of sequestration and release of atmospheric CO,. An important
step to understand these complex processes is the development of easy-to-hand technologies for the assessment of soil carbon stock
worldwide. A cost-efficient methodology is further required for the establishment of unified protocols of measurement, reporting and
verification (MRV) that are used to credit carbon sequestration by farmers [34]. Sampling, models, and remote sensing technologies
are currently used alone or in combination (hybrid approaches) to assess soil carbon. The precise estimation implies expensive
sampling and analytical tasks. The spatiotemporal variations of SOC in different agroecosystems and our gaps in understanding the
processes that determine stabilization versus decomposition of SOC are major limitations. Recently, a simple indicator system suitable
for multiple purposes has been developed [35]. The system is based on soil texture and allows rough estimations of SOC over different
scale ranges under temperate climates. The LandPKS mobile app helps for quick soil texture estimation (https://landpotential.org/
mobile-app/). Unfortunately, this indicator system is not suitable for every type of soil and further developments for these more
complex scenarios are urgently needed.

Soil microorganisms are main drivers of soil processes including cycling of carbon, nitrogen, and other nutrients. Microbe activity
thus largely determines the role of soils in both climate change mitigation [36] and food production. The fast development and
cheapening of omic tools allow now to characterize the biodiversity of soil microorganisms thus opening wide possibilities for studying
soil microbe functions in sequestration and release of greenhouse gases, in nutrient cycling, and in the sustainable production of
healthy food. “Omic” approaches in soil science are using genomics, metagenomics, transcriptomics, proteomics, metabolomics, and
ionomics to assess the dynamic interactions among soil microbes, and among soil microbes, plants, and the physical and chemical soil
components. These complex interactions largely determine the multifunctionality of soil and their ability to provide agroecosystem
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services for sustainability. Both the biomass and the biodiversity of the soil microbiome is enormous and despite quick progress in
genomic studies most soil microbes are still unidentified. How agronomic practices such as fertilization, organic amendments, pH
corrections, tilling, irrigation, and crop species and genotypes affect soil microbiome diversity and, in consequence, soil multi-
functionality is a further research area of global interest.

Another problem that needs the development of new experimental approaches is the difficulty of the functional characterization of
soil microbes that are not culturable but may play an important role in soil properties. Especially under stressful conditions certain
bacteria enter in a viable, but not culturable state. Combination of metagenomics, metatranscriptomics and proteomics can provide
useful information on the identity and functionality of such microorganisms. The development of artificial intelligence (AI) and
machine learning (ML) tools is essential for handling the huge amount of data and for the establishment of both useful models and
Artificially Intelligent Soil Quality Index (AISQI) [37]. Fruitful approaches thus require a close cooperation among soil scientists,
microbiologists, and bioinformatics.

>Soil fertility is a main factor determining both crop yield and food quality [38]. Plant-based food is becoming increasingly popular
especially for reducing the environmental footprint of our diet [39]. A plant’s capacity to supply essential minerals to consumers
depends on three main factors: availability in the soil [40], the plant’s efficiency to take up and transport the mineral to edible parts
[41], and the bioavailability of the mineral nutrient to the consumer [42]. On a global scale, about 25% of the soils are alkaline. Low
availability of essential micronutrients like Fe and Zn are characteristic for these high pH soils. In fact, crop yields are affected by Zn
and/or Fe deficiency in many of the areas with alkaline soils. Low levels of these micronutrients, especially in grain crops like rice and
wheat, can consequently lead to malnutrition, mainly hitting the low-income population [43]. Biofortification of cereal crops, espe-
cially with Zn and Fe, but also Se and iodine is a major objective of current research [44,45,46]. Ongoing biofortification studies
consider agronomic biofortification, genetic biofortification, and microbial biofortification. Agronomic biofortification is an efficient
tool to enhance the availability of target micronutrients and their uptake by plants on deficient soils. Current research in this field
mainly focuses on more efficient fertilizers and amendments through the development of new formulations including nanoparticles
with different coatings or microfluidic encapsulation [47], foliar applications [48], and organic amendments [49]. Recent life-cycle
assessment studies showed advantages of nanofertilizers of different micronutrients over conventional fertilizers [50]. Bottlenecks
for a global application of fertilizers based on nanotechnology are improvement of efficiency [51] and uncertainties about their
transformation processes in the soil and the derived environmental impact [52].

Microbial biofortification uses microorganisms to enhance availability and uptake of nutrients by plants. Unfortunately, most of the
studies using plant growth promoting microorganisms are being performed under controlled lab or greenhouse conditions in
microcosm or mesocosm approaches. Although, recently, promising results from field experiments have been reported [53], the
development of commercial synthetic microbial communities (SynComs) is complex and multidisciplinary approaches are necessary to
develop more efficient SynComs [54]. Moreover, long-term field trials analyzing microbe survival rates and efficiency, as well as
cost-benefit analyses are clearly required.

Genetic biofortification uses breeding, and gene editing approaches for achieving both higher nutrient efficiency (enhanced uptake
and translocation to grain) and improvement of bioavailability to humans of grain micronutrients. However, excessive boosting of
micronutrient availability in the soil and/or overexpression of genes to enhance uptake can cause yield penalties due to phytotoxicity.
Improved knowledge on the ion homeostasis mechanisms in plants, especially concerning the regulatory mechanisms that govern the
balance between uptake, binding, transport and storage in different compartments and organs is required to solve this bottleneck.

For the successful development and management of biofortified crops it is evident that agronomic, genetic, and microbial bio-
fortification, are not alternative strategies but must be approached together to achieve an optimal bioavailability of nutrients in human
diets and animal feed. For this purpose, both basic and applied research is required to achieve a better knowledge on soil-plant ge-
notype-microbe feedbacks which is crucial for the development of efficient rhizosphere engineering [55] and biofortification
strategies.

Pollution of soils with inorganic and organic contaminants is of ever-growing concern. In addition to old burdens, mainly heavy
metals and metalloids from mining activities and metal processing industries and classical organic pollutants like PCBs and PAHs, new,
still poorly explored danger is coming, among others, from e-waste, pharmaceuticals, nanoparticles, microplastics and microfibers
([561 [57] [58-601). How soil multifunctionality is affected by these new threats is a further hot topic that deserved research efforts,
especially considering real field situations.

2. Conclusions and perspectives

Ambitious goals of modern soil science which would be intriguing to be discussed in this journal:

When soil is unsealed, pedogenesis begins anew. Which direction this process takes and the key factors necessary for the soil to
perform all its original functions are important considerations

Utilizing extraterrestrial soil for the construction of habitats on celestial bodies

Collection, mapping, and standardizing soil data for informed predictions based on preexisting knowledge

Indicator systems for soil carbon under tropical climate and for paddies

Integration of different soil “omic” aproaches, soil indicators, IA, and ML for creating soil quality and health indexes

Fate of new soil pollutants

Basic and applied research into soil - plant-genotype - microbe feedbacks for the development of efficient rhizosphere engineering
and biofortification strategies.
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2.1. Essential components for a successful submission to HLY soil science, addressing the reader’s expectations

When preparing a paper to submit to HLY Soil Science, it is crucial not to overlook certain key aspects that emphasize the
importance of open data availability, replicability of experiments, precise geographic information, and accurate taxonomic classifi-
cations. By addressing these elements, you can enhance the reader’s experience and fulfil their expectations. Here are the essential
considerations to include in your paper:

Open Data: Emphasize the availability of your research data in an open and accessible format. Provide a clear description of where
the data can be obtained, whether it is through a public repository, a dedicated website, or any other means. This transparency fosters
scientific collaboration and allows others to replicate or build upon your findings.

Replicability: Provide detailed descriptions of your experimental procedures and methodologies to ensure replicability, enabling
other researchers to reproduce your experiments and validate your results.

Precise geographic information: Clearly specify the precise geographic location of your study site using coordinates (latitude and
longitude). This information enables accurate spatial referencing and allows for better comparison and integration with other studies.
It also aids in establishing the context of your research within a specific geographical region.

Precise and updated soil taxonomy: Utilize a precise and updated soil taxonomy system to classify the soils studied in your research.
Adhere to internationally recognized classification systems, such as the World Reference Base for Soil Resources (WRB), ensuring
consistency and facilitating cross-referencing with other studies. When possible, please, include detailed soil profile descriptions,
physical and chemical properties, and any relevant soil classification updates.

Plant and animal taxonomies: Include accurate and up-to-date taxonomic classifications for the plant and animal species mentioned
in your study. Provide complete scientific names, including genus, species, and, if necessary, subspecies or varieties. This precision
ensures clarity and facilitates further research or comparisons with other studies.

By incorporating these essential elements into your paper, you demonstrate a commitment to open science principles, enhance the
reproducibility of your research, provide valuable geographic context, and ensure accurate taxonomic classifications. These consid-
erations not only align with the expectations of readers and reviewers in the field of soil science but also contribute to the broader
scientific community by facilitating collaboration, knowledge exchange, and the advancement of research in related disciplines.
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