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			Preface

			Soil degradation has always been among the biggest concerns of environmentalists and agriculturists worldwide. With increasing uses of lands and experiments being tried on them, with the approaches of chemical dumps. The soil has a lot of a major part of its nutritional and life providing scopes they were known for. And when increasing cases of chemical dumps, soil infertility started coming into the picture. People started being concerned about them.

			With various soil-enriching techniques, remediation concepts, they were changes made into the environment so that these natural wonders can have long-lasting futures. At the same time, physical remediation techniques like soil washing, encapsulation of contaminated areas, and vitrification remain popular technologies. There can be various other concepts, causes, and problems found about soil worldwide, explaining their riches and defeats.

			Understanding the key problems and tackling the hardest of their effects, soil bioremediation techniques could cater to most of their problems. And for one, to understand its key concepts and retain the best of its information, this book has been designed in such a way that it could explain even the most complex words in the easiest of sentences and provide better insights to people through their pictorial representations. 

			This Book briefs individuals on the various causes of soil contaminations, the contaminants, and how they could be secured. It talks about various remediation techniques and surfactants that can help nobles from intellects to common people have a better understanding of the field of soil. Their study, so they could improve their knowledge in the “fields of the grounds” and have a great journey, studying through their future outlines, enhancing techniques and prevention to have your quest of information satisfied.
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			Chapter 1. Introduction

			1.1	What is Soil?

			Soils are considered a combination of various complex mixtures of organic matter, water, air, and countless other organisms that reside as the creatures with decaying matters of once-living things. Their mixtures are also considered to have a huge quantity of minerals in their compositions. They are found to be formed at the surfaces of the land, which entitle them with the statements of “Skin of the earth.” They are known to support plant life on earth, vital to the most prominent species around.

			Soils, as they are defined professionally in the most formal words of Soil Science Society of America Glossary of Soil Science Terms, define them to be:

			1.	The unconsolidated minerals or organic material on the earth’s immediate surface could and serves as a natural medium for the growth of the land’s plants.

			2.	The unconsolidated minerals or an organic matter that are present on the surface of the earth have been subjected to various effects of genetic and environmental factors of climates, that include the water and temperature effects, and micro and macro-organisms that are conditioned by relief, that acts on their parent material over time.

			[image: ]

			Figure 1.1 Soil

			https://www.thespruce.com/easy-diy-soil-tests-2539856

			

			So then, what possibly could be dirt? Dust particles wandering around the sky or another mixture of soil that originate from different places? As they could be found in nearly every place we walkthrough, we are at or the ones we keep moving from, it has to be something more than just a flow of wind. In the scientific and layman perspectives, Dirt is believed to be the atoms or materials that easily get on our clothes, under our wardrobes, on the floors, or even under our fingernails. 

			It is considered to be a soil that is out of a place of its world and has emerged into outs. That can easily be tracked even inside our shoes or on our clothes. And whichever places the dirt gets tracked by, they exhibit one common characteristic throughout all the places. And be that part of the soil that has lost all its characteristics, which gave it the ability to support life, implying that they are “dead” and cannot support plants anymore.  

			Soils are found to be a lot many critical as well as crucial roles in various ecosystems. That could have its residence at a farm, forest, prairie, marsh, or maybe even suburban watersheds that can contribute and affect their subsequent qualities in some or the other ways. There remain nearly about seven general roles of soils that can be well noted and defined:

			1.	Soils behave like a vessel that is capable of saving all kinds of plants lives.

			2.	They are known to have special capabilities to easily modify the atmosphere around them by emitting and absorbing gases like carbon dioxide and methane, or the water vapors, and alike, including the dust.

			3.	Soils can provide habitat for animals that reside inside the soil and help the organisms around them, which account for most living things on Earth.

			4.	Soils perform various functions like absorbing, holding, releasing, altering, and purifying most of the terrestrial systems’ available water.

			5.	They process various recycled nutrients like carbon, so other living beings can use them over and over in the future.

			6.	They serve through the concepts of soil mechanics and engineering mediums that help construct foundations, roadbeds, dams, and buildings. And are known to be capable of preserving or destroying artifacts that are products or creations of human endeavors.

			

			7.	They tend to act as a living filter that cleans the water before it is made to pass into an aquifer.

			The body of the Earth’s soil is called the pedosphere. It interfaces with the further layers of the lithosphere, hydrosphere, atmosphere, and biosphere. The term “Pedolith” is used normally to refer to the soil. Which translates to a ground stone, about a fundamental ground stone, that is, the earth. Soils are known to consist of a solid phase of minerals and organic matter, the soil matrix. It also has a porous phase that can hold gases present in the soil’s atmosphere and water, which is the soil solution. And from these findings, scientists divide soil into fundamental matters of various states and consider them through its functions.

			Soil as a material entity can be an outcome of many factors. It can get influenced by different climatic conditions and be varied with their reliefs. Factors like elevations, orientations, and slopes of terrain, organisms, and the soil’s parent materials are the original minerals. They interact over time and continually face developments through various physical, chemical, and biological processes, including the chances of weathering associated with erosion. Given the complexity and strong internal connectedness within the soil, soil ecologists consider them part of the ecosystem.

			[image: ]

			Figure 1.2 Soil as Landscape for life

			https://www.checinternational.org/soil/ 

			While most soils are observed to have a dry bulk density between around 1.1 and 1.6 g/cm3, the soil particle density within them is much higher, to about exist in the range of 2.6 to 2.7 g/cm3. It is believed that only a small part of the soil left on planet earth is older than the Pleistocene. At the same time, none of them seem to be older than the Cenozoic ages. Fossilized soils preserved safely in museums or for research purposes date back to nearly the Archean. 

			Soil science is known to have two basic branches of study: edaphology and pedology. The edaphology studies focus on the influence of soils on living things. The branch of pedology focuses on the formations, descriptions, and classification of soils in their natural environment. In engineering terms, they are included as a broader part of the regolith concept, which is also known to include other loose materials that lay above the bedrocks. They can be found on the Moon and on other objects that appear to celestial as well.

			1.2	Composition

			Though soils are considered to be homogenous due to their outer appearances, they are actually made from a diverse range of various different components. While many of those particles can be easily seen through the naked eye, they come from rocks that are broken into fine minute grains, which can be further divided as defined as sand, clay, or silt, depending on the sizes they are converted into. Although sand grains are found in groups and feel like sands upon their touch, their clay seems to be finer, while they also feel sticky. Most silt particles are found to be more intermediate in size and exhibit a silky texture.

			Any typical soil is found to have about 50 percent of solids. About 45 percents are mineral and 5 percent organic matter. While the other 50 percent is filled with voids or pores, in which half of its space is filled with water and the other half by gases. The amount of the soil minerals and organic contents present in the soil can be treated like a constant in its short-term motives. In comparison, the other remaining contents of soil water and gas content are considered highly variable in their natures, where a consequent rise in soil water can lead to a subsequent decrease in the gas contents. In contrast, a similar decrease in soil water can lead to a further increase in the amount of gas present. 

			The spaces available in the soil’s pores allow for the process of infiltration to take place between, while also allowing an easy flow and movements of air and water between them.  Both of these processes are considered to be critical for the animal and plant species that exist. They live in their habitat in the soil. One of the problems that are considered to be more common in the case of soils is compaction. It is known to reduce spaces between the soils while preventing air and water from reaching plant roots and the soil organisms.

			Under a certain period, an unaltered soil can produce a soil profile that could consist of two or more layers within them, which are referred to as soil horizons. These layers tend to differ from one other in one or more properties, such as in their texture, structure, density, porosity, consistency, temperature, color, and reactivity. These horizons can differ greatly in their thickness and often lack sharp boundaries. Their developments in this context to the soil are conditional on the type of parent material they have, the processes that modify or modify these parent materials, and the factors that hold a strong influence in soil-forming in these processes. 

			The biological influences of soils on soil properties are observed to be strongest at the places that are near their surface. Simultaneously, the influences of geochemical properties may affect their soil properties by an increase in their depths. Mature soil profiles are believed to typically consist of the three basic master horizons of A, B, and C., While the solum around them normally includes just the two of A and B horizons. In contrast, the soil’s living component tends to be largely confined to the parts of the solum. They are generally found to be more prominent in the A horizon than the others.

			[image: ]

			Figure 1.3 A Soil Profile 

			https://www.google.com/url?sa=i&url=https%3A%2F%2Fpressbooks.bccampus.ca%2Fgeoglabs2020%2Fchapter%2Flab-09-bc-soils-and-relationships-to-vegetation-and-climate%2F&psig=AOvVaw0coCWv0d4-4DRU6kgwfjsh&ust=1613473748546000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCMiZp6vg6-4CFQAAAAAdAAAAABAD 

			The texture of any soil can be determined by the relative proportions of the various individual particles of sand, silt, and clay present in the soil. The interactions that any individual mineral particle have any organic matters, water, gases through the abiotic and biotic processes can cause those particles to get through aggregation and start to flocculate to form various other aggregates. At places where traces of these aggregates are seemed to be found, it can be revealed that soil is found to be developed at those places. That can be further distinguished and described based upon their color, porosity, consistency, reactions to other chemicals, etc. 

			Water can play the role of a critical agent in the matters of soil development. Due to its influences in various processes that are linked with the soil and their interactions. Like that dissolution, precipitation, erosion, transport, or the deposition of materials that reside when any soil is composed. A mixture formed from dissolving or suspension of any organic matter or minerals in water that can occupy space in the soil’s pores is termed the soil solution. Since the water retrieved from soil can never be pure water but instead contain thousands or hundreds of dissolved mineral and organic substances in them, researchers believed it to be the most accurate form of definition to be chosen for the soil solution. 

			Water is also considered central to various processes of the dissolution, precipitation, and leaching of minerals while observed from the soil profile. While in the end, water can also affect the type of vegetation that is seen to be grown in soil, which in turn may also affect the development that places around them. One of the most complex feedback illustrated through the dynamics of banded vegetation patterns can be observed in the semi-arid regions.

			Soils can supply plants with nutrients that are most often clanged by the particles of clay and colloids resembling organic matters. The nutrients may be adsorbed on clay mineral surfaces, bound within clay minerals (absorbed), or bound within organic compounds as part of the living organisms or dead soil organic matter. These bound nutrients interact with soil water to buffer the soil solution composition (attenuate changes in the soil solution) as soils wet up or dry out. Plants take up nutrients as salts are leached or as acids alkalis are added.

			Plant nutrient availability is affected by soil pH, a measure of the hydrogen ion activity in the soil solution. Soil pH is a function of many soil-forming factors. It is generally lower (more acid) where weathering is more advanced.

			

			Most plant nutrients, except nitrogen, originate from the minerals that make up the soil parent material. Some nitrogen originates from rain as dilute nitric acid and ammonia. Still, most of the nitrogen is available in soils as a result of nitrogen fixation by bacteria. Once in the soil-plant system, most nutrients are recycled through living organisms, plant and microbial residues (soil organic matter), mineral-bound forms, and the soil solution. Both living microorganisms and soil organic matter are critical to this recycling, thereby soil formation and soil fertility. Microbial activity in soils may release nutrients from minerals or organic matter for use by plants and other microorganisms, sequester (incorporate) them into living cells, or cause their loss from the soil by volatilization (loss to the atmosphere as gases) or leaching.

			1.3	Soil Texture

			Soil texture is an important soil characteristic that influences many aspects of soil quality. The textural class of soil is determined by the percentage of sand, silt, and clay. Soils are usually made up of a mix of three particle sizes. Sand particles are relatively large, clay particles are very tiny compared to sand, and silt particles are medium-sized. Clay and silt particles hold more water and plant nutrients along their surfaces than sand particles. Soil texture is an inherent property of soil and does not change under different management practices. Soils can be classified as one of four major textural classes: (1) sands; (2) silts; (3) loams; and (4) clays. These are based on the proportion of particle sizes found in each soil.

			[image: ]

			Figure 1.4 Sandy, loamy, clay soil textures

			 https://www.wwlp.com/massappeal/how-to-evaluate-soil-texture/ 

			1.3.1	Relative Soil Particle Size

			Knowing the soil’s texture provides you with quite a bit of information about how well the soil holds water, holds and releases nutrients, and responds to different tillage practices. For example, clay soil will hold more nutrients and more water than sandy soil. Still, it will be more susceptible to compaction from plowing and cultivating.

			While soil texture is the proportion of the three soil particle types (sand, silt, and clay), soil structure refers to how those particles are arranged in space. We cannot change soil texture, but we can manage soils to improve soil structure. Soil with good structure has approximately 40-60% of its volume in pore space or space between soil particles. Water and air can get into these pore spaces, and roots can grow into these spaces.

			In healthy soil, particles of sand, silt, and clay aren’t floating around by themselves. They are joined up with other particles, bits of organic matter, and small pore spaces into soil aggregates. Stronger, more stable aggregates stick together, even when hit by a raindrop or crushed by a footstep. A handful of healthy soil feels crumbly and light due mostly to these stable aggregates.

			1.3.2	Compaction

			Soil compaction occurs when soil aggregates are pushed closer together and pore spaces shrink. This usually occurs when heavy tractors, trucks, and other machines are driven over the soil, particularly if soils are wet. Soils can become compacted at the surface and the layer of soil just below the depth of tillage (subsoil compaction). Plants have difficulty growing in compacted soil because the soil aggregates are pressed together, leaving little pore space for air and water, essential for root growth.

			[image: ]

			Figure 1.5 Plants grow well in No Compaction

			https://extension.psu.edu/introduction-to-soils-soil-quality#:~:text=Soil%20texture&text=Soils%20are%20usually%20made%20up,their%20surfaces%20than%20sand%20particles. 

			

			1.4	Formation

			Soil formation, or pedogenesis, is the combined effect of physical, chemical, biological, and anthropogenic processes working on soil parent material. Soil is said to be formed when the organic matter has accumulated. Colloids are washed downward, leaving deposits of clay, humus, iron oxide, carbonate, and gypsum, producing a distinct layer called the B horizon. This is a somewhat arbitrary definition as mixtures of sand, silt, clay, and humus will support biological and agricultural activity before that time. 

			[image: ]

			Figure 1.6 Formation of Soil 

			https://civileblog.com/formation-of-soil/ 

			These constituents are moved from one level to another by water and animal activity. As a result, layers (horizons) form in the soil profile. The alteration and movement of materials within soil cause the formation of distinctive soil horizons. However, more recent definitions of soil embrace soils without any organic matter, such as those regoliths formed on Mars and analogous conditions in planet Earth deserts.

			An example of soil development would begin with the weathering of lava flow bedrock, which would produce the purely mineral-based parent material from which the soil texture forms. Soil development would proceed most rapidly from bare rock of recent flows in a warm climate, under heavy and frequent rainfall. Under such conditions, plants (in the first stage, nitrogen-fixing lichens, and cyanobacteria, then epilithic higher plants) become established very quickly on basaltic lava, even though there is very little organic material. The porous rock supports the plants as it is filled with nutrient-bearing water that carries minerals dissolved from the rocks. 

			[image: ]

			Figure 1.7 Factors affecting Soil formation

			https://eschooltoday.com/learn/soil-formation-factors/ 

			The local topography of the rocks and their pockets are known to hold fine materials within their grasp and harbor plant roots’ growth. The roots of the developing plant are considered to be associated with fungi like mycorrhizal to assist in breaking the porous lavas, which breaks them through its mineral weathering qualities. And by these means of soil productions, organic matter and one of its finest mineral soils get accumulated below the earth from time to time. These initial stages of soil development can be found having overlapping conceptual beliefs in the fields like volcanoes, inselbergs, and glacial moraines.

			How a soil formation takes place, the factors that could change play a huge role in how a soil’s appearances and textures could come out.  Those factors that deeply influence the way they get build are parent material, climate, topography (relief), organisms, and time. When arranged simply to have a simpler remembrance to climate, relief, organisms, parent material, and time, they form an acronym called CROPT.

			1.5	Soil Moisture

			The term soil moisture refers to the water that is contained within the soil. The water that helps soil has its wetness and be fruitful towards life. It is usually expressed in terms of volumes or weights, depending on their references. The measurement of the soil’s moisture can be through situ techniques or some remote sensing methods.

			The excess of water that passes through a field or enters through the main source is removed from a field through runoff techniques, use of drainages, or cleared through evaporation or transpiration by a natural or a man-made source. Runoff is the process of the flow of water through the surfaces to the edges of the field. While in drainage, the flow of water is found to be downwards through the soils or to an edge that reaches the undergrounds.  The process of evaporative water loss from a field is when a part of the water that’s present on the field’s surface evaporates directly from there into the atmosphere. In contrast, transpiration is the process of water loss from the ground by its evaporation done from the plant itself.

			Water can play a huge role in forming soil, structure, stability, and erosions. However, it remains of primary concern in the aspects of plant growth. Water (H2O) is found to be essential in respect to plants for four reasons:

			◊	It constitutes about 80%-95% of a plant’s protoplasm.

			◊	It is highly essential in the process of photosynthesis.

			◊	It plays the role of solvent in the nutrients carried along, too, into, and throughout the plants.

			◊	It provides the congestion that can help plants keep themselves in proper positions.

			Water is known to alter the soil profile by dissolving and re-depositing minerals at lower levels. While solids can constitute half the volume in loam soil, gas, on the other hand, can constitute one-quarter of the same. Including water within them to about one-quarter of their volumes, of which only half will be available to most plants which can have a strong variation with them according to their matric potentials.

			[image: ]

			Figure 1.8 Moisturized soil

			https://ecogardener.com/blogs/news/simple-ways-of-checking-for-soil-moisture 

			

			At instances, when the fields are flooded with an excess of water, the soil beneath them drains the water due to gravitational forces for as long as the water’s adhesive and cohesive forces resist and further drainage beneath them. As then, that would be the time when the fields have reached their maximum capacity of water absorption. And in those times, plants can be used around those places, to draw suctions from the soils, which can help them and the soil have the right usage of available water. In excess amounts around, which are indeed contributing in the making fields better, and harm no soil. And the moments when all those waters get used up and have no extra drops to spare, the water that would remain around them in the forms of moisture would be the unavailable water. 

			As then, the plant wouldn’t produce a sufficient amount of suction to draw that water inside them. When the bar section reaches 15, it would be the wilting point, when the seeds are not able to germinate, and plants will begin to wilt and die. Water moves inside the soil under the influences of various physical and chemical processes like gravity, osmosis, and capillarity. When the water enters the soil, it displaces the air that is connected from interconnected macropores by buoyance forces, and while further breaking and aggregating them, into which the air is entrapped. This process is termed slaking.

			The rate at which soil would absorb water depends on the kind of soil one is looking into and the other conditions surrounding them. When a plant grows, those plants’ roots remove water from their largest pores, called macropores, first. After which, the larger pores hold only air, while the remaining water is found to exist only in the intermediate- and smallest-sized pores of the plants called micropores. The water inside those smaller pores is held strongly to their particle surfaces, that plant roots cannot pull them away easily. This implies that not all soil water is made available to plants, while it holds a strong dependence on the kind of texture they have to brief it more. Once they get saturated, the soil might start losing nutrients when the water starts draining. The water that’s now available moves inside the draining field under pressure influences where the soil has been locally saturated. And also, by capillarity pull that is targeted towards the drier parts of the soil. 

			Most of the plant water needs are supplied from the suction to the plants, caused by evaporation done from plant leaves (transpiration). And from a lower fraction of the soil, it is supplied by the suction created by the osmotic pressure differences between the interiors of the plant interior and their soil solutions. While the plant roots must seek water and grow preferentially inside moister soil microsites, some parts of the root system remain capable of remoistening the soil’s dry parts and providing them water. At the same time, it’s necessary to note that insufficient water to the crops’ roots may yield in their damages. And most of the available water that is surrounded by plants is used in the process of transpiration to pull nutrients into the plant and nourish them.

			Soil waters are also known to be essential for climate modeling and numerical weather predictions. While one of the most reputed, Global Climate Observing systems has mentioned soil water as one of the 50 Essential Climate Variables (ECVs). It is observed that the soil water can be measured in situ with a soil moisture sensor or be estimated with the help of satellite data and hydrological models. Each method is seen to have exhibited its pros and cons.  After which, there were ideas constituted on integrating different techniques that could help decrease the drawbacks of a single method and increase the advantages.

			1.6	Nutrients

			There are nearly seventeen elements or nutrients related to soil, are essential for plant growth and reproductions. Those nutrients are carbon (C), hydrogen (H), oxygen (O), nitrogen (N), phosphorus (P), potassium (K), sulfur (S), calcium (Ca), magnesium (Mg), iron (Fe), boron (B), manganese (Mn), copper (Cu), zinc (Zn), molybdenum (Mo), nickel (Ni) and chlorine (Cl). Nutrients that are required for plants to complete their life cycle and grown well are termed essential nutrients. While those nutrients that are used to enhance a plant’s growth but may not be that essential, and plants can survive without them, are called the non-essential nutrients. While most of the plant’s nutrients are derived originally from the soils’ mineral component, minerals like carbon, hydrogen, and oxygen become an exception. As the carbon dioxide and water supply them, and nitrogen, that is provided through the nitrogen fixations. 

			The Law of the Minimum observed in plants expresses that when an available form of a nutrient is not to be found in enough proportions as required in the soil solutions, then other available nutrients (that may be enough amounts) cannot be consumed at an optimum rate by the plants. Thus it’s necessary to consider that a particular nutrient ratio of the soil solution is highly essential for optimizing plant growth, which may have different values in ratios for different plants, depending upon their soil compositions.
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			Figure 1.9 Nutrients required for Plant Growth

			https://onpasture.com/2020/05/11/do-you-know-the-difference-between-organic-material-and-soil-organic-matter/ 

			Plants are observed to get in the process of consuming nutrients only when those nutrients are known to available in forms that plants can consume. While in many situations, nutrients can be absorbed in an ionic form, from or alongside the soil water, that may help in their nourishments. Although minerals are believed to be the bearers of most nutrients. Most of the nutrient elements inside them are stored in crystalline forms inside the secondary and primary minerals. They are found to be too strong to degrade easily or harness the presence of a plant’s growth while remaining stiff, contributing nothing to them. 

			To consider for examples, we can consider the applications of finely ground minerals, like feldspar and apatite, that rarely provide any or fulfill the necessary amounts of potassium and phosphorus at a rate that are sufficient for good plant growth as most of these nutrients that are capable of helping are found to remain bound in the crystals of those minerals.

			The nutrients that are adsorbed (added on the surfaces) of the clay colloids and soil organic matter are capable of providing an even more accessible pool of many plant nutrients like potassium (K), Calcium (Ca), Magnesium (Mg), and Zinc (Zn). As plants start absorbing the nutrients from the soil water, the soluble pool available around them is replenished from the surface-bound pool. Utilizing the presence of microorganisms in replenishing the available soluble pool of nutrients works as another mechanism that can help in the decomposition of soil organic matter, which is proved to be important for the plants to be supplied with available nutrients like Nitrogen N, Sulphur S, P, and Boron that are now available from the soil.

			Gram for gram, the humus’ capacity to hold nutrients and water is far greater than that of clay minerals, most of the soil cation exchange capacity arising from charged carboxylic groups on organic matter. However, despite the great humus capacity to retain water once water-soaked, its high hydrophobicity decreases its wettability. All in all, small amounts of humus may remarkably increase the soil’s capacity to promote plant growth.

			1.7	Soil Organic Matter

			Soil organic matter is made up of organic compounds and includes plant, animal, and microbial material, both living and dead. A typical soil has a biomass composition of 70% microorganisms, 22% macrofauna, and 8% roots. The living component of an acre of soil may include 900 lb. of earthworms, 2400 lb. of fungi, 1500 lb. of bacteria, 133 lb. of protozoa, and 890 lb. of arthropods and algae.

			A few percent of the soil organic matter, with small residence time, consists of the microbial biomass and metabolites of bacteria, molds, and actinomycetes that work to break down the dead organic matter. Was it not for the action of these micro-organisms, the entire carbon dioxide part of the atmosphere would be sequestered as organic matter in the soil? However, at the same time, soil microbes contribute to carbon sequestration in the topsoil by forming stable humus. To sequester more carbon in the soil for alleviating the greenhouse effect, it would be more efficient in the long-term to stimulate humification than to decrease litter decomposition.
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			Figure 1.10 Importance of Soil Organic Matter

			http://www.fao.org/3/a0100e/a0100e04.htm 

			The main part of soil organic matter is a complex assemblage of small organic molecules, collectively called humus or humic substances. The use of these terms, which do not rely on clear chemical classification, has been considered obsolete. Other studies showed that the molecule’s classical notion is not convenient for humus, which escaped most attempts done over two centuries to resolve it in unit components but is still chemically distinct from polysaccharides and lignins and proteins.

			Most living things in soils, including plants, animals, bacteria, and fungi, are dependent on organic matter for nutrients and/or energy. Soils have organic compounds in varying degrees of decomposition, which depends on the temperature, soil moisture, and aeration. Bacteria and fungi feed on the raw organic matter, which is fed upon by protozoa, which in turn are fed upon by nematodes, annelids, and arthropods, themselves able to consume and transform raw or humified organic matter. This has been called the soil food web, through which all organic matter is processed as in a digestive system. 

			Organic matter holds soils open, allowing the infiltration of air and water, and may hold as much as twice its weight in water. Many soils, including desert and rocky-gravel soils, have little or no organic matter. Soils that are all organic matter, such as peat (histosols), are infertile. In its earliest stage of decomposition, the original organic material is often called raw organic matter. The final stage of decomposition is called humus.

			Much of the organic matter added to the soil is from the deep, fibrous, grass-root systems in grassland. By contrast, tree leaves falling on the forest floor are the principal source of soil organic matter. Another difference is the frequent occurrence in the grasslands of fires that destroy large amounts of aboveground material but stimulate even greater contributions from roots. The much greater acidity under any forests inhibits certain soil organisms’ actions that otherwise would mix much of the surface litter into the mineral soil. As a result, the soils under grasslands generally develop a thicker A horizon with a deeper distribution of organic matter than in comparable soils under forests, which characteristically store most of their organic matter in the forest floor (O horizon), thin A horizon.

			1.8	Uses

			Soil is used in agriculture, where it serves as the anchor and primary nutrient base for plants. The types of soil and available moisture determine the species of plants that can be cultivated. Agricultural soil science was the primeval domain of soil knowledge, a long time before the advent of pedology in the 19th century. However, as demonstrated by aeroponics, aquaponics, and hydroponics, soil material is not an absolute essential for agriculture, and soilless cropping systems have been claimed as the future of agriculture for endless growing mankind.

			Soil material is also a critical component in the mining, construction, and landscape development industries. Soil serves as a foundation for most construction projects. The movement of massive volumes of soil can be involved in surface mining, road building, and dam construction. Earth sheltering is the architectural practice of using soil for external thermal mass against building walls. Many building materials are soil-based. Loss of soil through urbanization is growing at a high rate in many areas and can be critical for maintaining subsistence agriculture.
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			Figure 1.11 Functions of a healthy Soil 

			https://www.nrcs.usda.gov/wps/portal/nrcs/main/nh/soils/surveys/ 

			Soil resources are critical to the environment and food and fiber production, producing 98.8% of food consumed by humans. Soil provides minerals and water to plants according to several processes involved in plant nutrition. Soil absorbs rainwater and releases it later, thus preventing floods and drought, flood regulation being one of the major ecosystem services provided by soil. Soil cleans water as it percolates through it. Soil is the habitat for many organisms: the major part of known and unknown biodiversity is in the soil, in the form of invertebrates (earthworms, woodlice, millipedes, centipedes, snails, slugs, mites, springtails, enchytraeids, nematodes, protists), bacteria, archaea, fungi and algae; and most organisms living above ground have part of them (plants) or spend part of their life cycle (insects) below-ground. Above-ground and below-ground biodiversities are tightly interconnected, making soil protection of paramount importance for any restoration or conservation plan.

			The biological component of soil is an extremely important carbon sink since about 57% of the biotic content is carbon. Even in deserts, cyanobacteria, lichens, and mosses from biological soil crusts capture and sequester a significant amount of carbon by photosynthesis. Poor farming and grazing methods have degraded soils and released much of this sequestered carbon into the atmosphere. Restoring the world’s soils could offset the effect of increases in greenhouse gas emissions and slow global warming while improving crop yields and reducing water needs.

			Waste management often has a soil component. Septic drain fields treat septic tank effluent using aerobic soil processes. Land application of wastewater relies on soil biology to treat BOD aerobically. Alternatively, Landfills use soil for daily cover, isolating waste deposits from the atmosphere and preventing unpleasant smells. Composting is now widely used to treat aerobically solid domestic waste and dried effluents of settling basins. Although compost is not soil, biological processes taking place during composting are similar to those occurring during decomposition and humification of soil organic matter.

			Organic soils, especially peat, serve as a significant fuel and horticultural resource. Peat soils are also commonly used for agriculture in Nordic countries because peatland sites, when drained, provide fertile soils for food production. However, wide peat production areas, such as rain-fed sphagnum bogs, also called blanket bogs or raised bogs, are now protected because of their patrimonial interest. 
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			Figure 1.12 Peat Soils

			https://www.intechopen.com/books/peat/peat-soils-of-the-everglades-of-florida-usa 

			

			For example, Flow Country, covering 4,000 square kilometers of a rolling expanse of blanket bogs in Scotland, is now a candidate for being included in the World Heritage List. Under present-day global warming, peat soils are thought to be involved in a self-reinforcing (positive feedback) process of increased greenhouse gas emissions (methane and carbon dioxide) and increased temperature. This contention is still under debate when replaced at field scale and including stimulated plant growth.
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