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1. fejezet - Definition of soil 

1. 

The top layer of the earth's surface, consisting of rock and mineral particles mixed with organic matter. 

The biologically active, porous medium that has developed in the uppermost layer of the Earth's crust. Soil 

serves as a natural reservoir of water and nutrients, as a medium for the filtration and breakdown of injurious 

wastes, and as a participant in the cycling of carbon and other elements through the global ecosystem. It has 

evolved through the weathering of solid materials such as consolidated rocks, sediments, glacial tills, volcanic 

ash, and organic matter. The bulk of soil consists of mineral particles composed of silicate ions combined with 

various metal ions. Organic soil content consists of undecomposed or partially decomposed biomass as well as 

humus, an array of organic compounds derived from broken down biomass. 

(http://www.answers.com/topic/soil) (Read more: http://www.answers.com/topic/soil#ixzz1QjYTJ8rS) 
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2. fejezet - Soil functions 

1. 

• conditionally renewable natural resource; 

• integrator [transformer] of other natural resources; 

• most important media for biomass production; 

• storage of heat, water, nutrients; pollutants; 

• buffer of various natural and human-induced stresses; 

• filter [prevention of groundwater pollution etc.] 

• transformation of various substances [including detoxication]; 

• habitat for soil biota, gene-reservoir, media of biodiversity; 

• conservator of natural and human heritage. 

• Soils are the most significant – conditionally renewable – natural resources. During rational biomass 

production they do not change irreversibly, their quality does not decrease unavoidably and fundamentally, 

but their renewal, based on soil resilience does not happen automatically. Soil conservation, the maintenance 

and increase of soil fertility requires permanent activities, such as rational land use, proper agrotechnique, and 

in some cases remediation, reclamation or amelioration Soil is a reactor and transformer. It integrates the 

influences of other natural resources, such as solar radiation, atmosphere, surface and subsurface waters, 

deeper geological strata, and biological resources. Their biogeochemical cycles develop a life medium for 

microbiological activities, and create ecological environment (standort, landsite) for natural vegetation and 

cultivated crops. 

• Soil is the most important medium for biomass production (food, fodder, industrial raw material, alternative 

energy). Soil, as a fourdimensional [spatial, horizontal and vertical) variability and temporal dynamism], 

three- (or four-) phase, polydisperse system can simultaneously satisfy – to a certain extent – the ecological 

requirements (air, water and nutrient supply) of living organisms, the natural vegetation and cultivated crops. 

This special ability is the unique soil property: soil fertility, which varies greatly and has changed 

considerably depending on natural factors and human activities. Soil is the primary food source of the 

biosphere, the starting point of the food chain Soil represents a major natural storage capacity of heat, water, 

plant nutrients and – in some special, well-controlled cases – wastes and other compounds. The stored water 

and plant nutrients ensure the continuous water and nutrient supply of plants (satisfying their uptake 

dynamics) for shorter or longer periods without any additional supply (rain, irrigation, nutrient application). 

This soil function is the basis of favourable soil moisture regime (preventing or moderating extreme 

hydrological situations as flood, water-logging, over-moistening vs. drought) and sustainable plant nutrition 

• Soil represents a high capacity buffer medium of the biosphere, which, within certain limits, may moderate 

the various stresses caused by environmental factors (extreme temperature; extreme hydrological events: 

floods, waterlogging – droughts) and/or human activities (high input, fully-mechanised and chemically 

controlled crop production; liquid manure from large-scale livestock farms; wastes and waste waters 

originating from industry, transport, urban and rural development, etc.). Buffer systems have strict limits and 

boundary conditions. Sometimes this is forgotten by the users, which leads to serious environmental 

problems. To prevent and avoid unfavourable side-effects, the tolerance limits must be identified, precisely 

determined, quantified and evaluated. This requires comprehensive sensitivity (susceptibility, vulnerability) 

studies and impact analyses. Intensive international, regional, and national studies have been carried out to 

determine these tolerance limits and target conditions. Such evaluations are the scientific basis of documents 

such as the Soil Resolution of US, the Integrated European Soil Conservation Strategy; and national soil 

conservation strategies of various countries. In Hungary, comprehensive studies have identified and 

quantified the susceptibility/sensitivity/vulnerability of soils to wind and water erosion, acidification, 

salinisation/alkalisation/sodification, physical soil degradation (compaction, structure destruction, surface 

sealing) and chemical pollution Soil is an efficient natural filter and detoxication system that may prevent the 
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deeper horizons and the subsurface waters from becoming con taminated by various pollutants deposited on 

the soil surface or put into the soil. 

• Soil is a significant gene reservoir for the biosphere and thus an important element of biodiversity. A 

considerable proportion of living organisms live in or on the soil or are closely related to (sometimes 

depending on) the soil. 

• Soil is the conservator of natural and human heritages. 

These functions are all equally important, but the society has used them in different ways (rate, method, 

efficiency) throughout history, depending on the given natural conditions and socio-economic circumstances. In 

many cases the character (territorial and temporal variabilities, changeability–stability–controllability, boundary 

conditions, limitations) of a certain function was not (properly or adequately) taken into consideration during the 

utilisation of soil resources. In such cases the misguided management resulted in over-exploitation, decreasing 

the efficiency of one or more soil functions, and – above a certain limit – causing serious environmental 

deterioration (VÁRALLYAY Gy.: Role of Soil Multifunctionality in Sustainable Development Soil and Water 

Res., 5, 2010 (3): 102–107. (http://www.agriculturejournals.cz/publicFiles/26826.pdf). 
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3. fejezet - The composition of the 
soil 

1. 

Soil is made of air, water, mineral particles, organic matter, and organisms (Fig. 1.). Half of soil is pore space. 

Generally, pores are about half filled with water and half air, though the proportion varies greatly depending on 

weather, plant water use, and soil texture. Most of the solid portion of soil is mineral particles. Organic matter 

may make up only 5% to 10% of the volume of soil (less than 5% of the weight), but it is critical in holding soil 

particles together, storing nutrients, and feeding soil organisms. 

(http://www.extension.umn.edu/distribution/cropsystems/components/7399_02.html ) 

 

A desirable surface soil in good condition for plant growth contains approximately 50% solid material and 50% 

pore space (Fig. 2.). The solid material is composed of mineral material and organic matter. Mineral material 

comprises 45% to 48% of the total volume of a typical mineral soil. About 2% to 5% of the volume is made up 

of organic matter, which may contain both plant and animal residues in varying stages of decay or 

decomposition. Under ideal moisture conditions for growing plants, the remaining 50% soil pore space would 

contain approximately equal amounts of air (25%) and water (25%). 
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2. Mineral matter 

Most of these particles originate from the degradation of rocks; they are called mineral particles 

The mineral material of a soil is the product of the weathering of underlying rock in place, or the weathering of 

transported sediments or rock fragments. The material from which a soil has formed is called its parent material. 

The weathering of residual parent materials to form soils is a slow process that has been occurring for millions 

of years in most regions 

Inorganic components occur mainly in limited number of compounds with definite crystalline structure called 

minerals. The inorganic component includes both primary and secondary minerals. Primary minerals (Figure 3) 

are formed at high temperature and pressure, under reducing conditions without free oxygen. These minerals are 

mainly present in soils as sand and silt particles. They are not crystallized and deposed from molten lava. 
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The secondary minerals (Figure 4) normally are found in the clay fraction of the soil which is the fraction of the 

soil solids which is less the 2 micron or 0.002 mm. Clay minerals are minerals which mainly occur in the clay 

sized fraction of the soil. 

 

Importance of Clay Minerals: 

The clay minerals and soil organic matter are colloids 
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The most important property of colloids is their small size and large surface area. The total colloidal area of soil 

colloids may range from 10m2/g to more than 800 m2/g depending the external and internal surfaces of the 

colloid. Soil colloids also carry negative or positive charges on their external and internal surfaces. The presence 

of charge influences their ability to attract or repulse charge Soils colloids play a very important role in the 

chemical reaction which take play in soil and influence the movement and retention of contaminants, metals, 

and nutrients in the soil ions to or from surfaces. http://www2.nau.edu/~doetqp-

p/courses/env320/lec12/Lec12.html 

There are four major types of Clay minerals. These include the layer silicates, the metal oxides and hydroxides 

and oxy-oxides, amorphous and allophanes, and crystalline chain silicates. 

3. Soil organic matter 

Soil organic materials consist of plant and animal residues in various stages of decay (Figure 5). 

 

Properties of humic substances 

Humic acids - the fraction of humic substances that is not soluble in water under acidic conditions (pH lower 

than 2) but is soluble at higher pH values. They can be extracted from soil by various reagents and which is 

insoluble in dilute acid. Humic acids are the major extractable component of soil humic substances. They are 

dark brown to black in color. Humic acids are thought to be complex aromatic macromolecules with amino 

acids, amino sugars, peptides, aliphatic compounds involved in linkages between the aromatic groups. The 

hypothetical structure for humic acid, shown in figure, contains free and bound phenolic OH groups, quinone 

structures, nitrogen and oxygen as bridge units and COOH groups variously placed on aromatic rings. 
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Fulvic acids - the fraction of humic substances that is soluble in water under all pH conditions. They remains in 

solution after removal of humic acid by acidification The hypothetical model structure of fulvic acid (Buffle's 

model) contains both aromatic and aliphatic structures, both extensively substituted with oxygen - containing 

functional groups (Figure 7). 

 

Fulvic acids are light yellow to yellow-brown in color (Figure 8). 

Humin - the fraction of humic substances that is not soluble in water at any pH value and in alkali. Humins are 

black in color Fulvic acids - the fraction of humic substances that is soluble in water under all pH conditions. 

They remains in solution after removal of humic acid by acidification. Fulvic acids are light yellow to yellow-

brown in color (Figure 8). 

 

Humic acid/Fulvic acid ratio depends on the soil type (Table 2) and the land use (Figure 9), as well 
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Soil organic materials consist of plant and animal residues in various stages of decay. Primary sources of 

organic material inputs are dead roots, root exudates, litter and leaf drop, and the bodies of soil animals such as 

insects and worms. Earthworms, insects, bacteria, fungi, and other soil organisms use organic materials as their 

primary energy and nutrient source. Nutrients released from the residues through decomposition are then 

available for use by growing plants. 

Soil humus is fully decomposed and stable organic matter. Humus is the most reactive and important component 

of soil organic matter, and is the form of soil organic material that is typically reported as ―organic matter‖ on 

soil testing reports. 

Factors that affect soil organic matter content 

The organic matter content of a particular soil will depend on: 

• Type of vegetation: Soils that have been in grass for long periods usually have a relatively high percentage of 

organic matter in their surface. Soils that develop under trees usually have a low organic matter percentage in 

the surface mineral soil, but do contain a surface litter layer Organic matter levels are typically higher in a 

topsoil supporting hay, pasture, or forest than in a topsoil used for cultivated crops. 

• Tillage: Soils that are tilled frequently are usually low in organic matter. Plowing and otherwise tilling the 

soil increases the amount of air in the soil, which increases the rate of organic matter decomposition. This 

detrimental effect of tillage on organic matter is particularly pronounced in very sandy well-aerated soils 

because of the tendency of frequent tillage to promote organic matter oxidation to CO2. 

• Drainage: Soil organic matter is usually higher in poorly-drained soils because of limited oxidation, which 

slows down the overall biological decomposition process. 

• Soil texture: Soil organic matter is usually higher in fine-textured soils because soil humus forms stable 

complexes with clay particles. 

4. Soil pores 

The small spaces between soil particles are called pores. The pore space is the amount of open space not filled 

by mineral particles in the soil. 
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Pore space is usually occupied by air or water. Soils with greater porosity allow water to quickly reach plant 

roots but doesn't hold the water well. Soils with lower porosity hold water well but don't allow it to permeate the 

soil quickly. Clay soils are typically rich in small pores that restrict water and air movement, retaining water 

well but also preventing it from permeating the soil rapidly. Sandy soils, on the other hand, allow air and water 

to permeate but don't retain water well. Loam soils are intermediate between the other two and therefore offer 

the advantages of both. (Read more: What Is Pore Space in Soil? | eHow.com) 

(http://www.ehow.com/facts_7567789_pore-space-soil.html#ixzz1QjkoXV17) 

(http://www.ehow.com/facts_7567789_pore-space-soil.html) 
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4. fejezet - Soil horizons 

1. 

Soils are layered because of the combined effects of organic matter additions to the surface soil and long-term 

leaching. These layers are called horizons. The vertical sequence of soil horizons found at a given location is 

collectively called the soil profile (Fig. 3.). 

The principal master soil horizons found in managed agricultural fields are: 

• A horizon or mineral surface soil (if the soil has been plowed, this is called the Ap horizon) 

 

• B horizon or subsoil 
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• C horizon or partially weathered parent material 

 

• rock (R layer) or unconsolidated parent materials similar to that from which the soil developed 
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Unmanaged forest soils also commonly contain an organic O horizon on the surface and a light-colored leached 

zone (E horizon) just below the A horizon. 
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The surface soil horizon(s) or topsoil (the Ap or A+ E horizons) is often coarser than the subsoil layer and 

contains more organic matter than the other soil layers. The organic matter imparts a grayish, dark-brownish, or 

black color to the topsoil. Soils that are high in organic matter usually have dark surface colors. The A or Ap 

horizon tends to be more fertile and have a greater concentration of plant roots of any other soil horizon. In 

unplowed soils, the eluviated (E) horizon below the A horizon is often light-colored, coarser-textured, and more 

acidic than either the A horizon or the horizons below it because of leaching over time. 

The subsoil (B horizon) is typically finer in texture, denser, and firmer than the surface soil. Organic matter 

content of the subsoil tends to be much lower than that of the surface layer, and subsoil colors are often stronger 

and brighter, with shades of red, brown, and yellow predominating due to the accumulation of iron coated clays. 

Subsoil layers with high clay accumulation relative to the A horizon are described as Bt horizons. 

The C horizon is partially decomposed and weathered parent material that retains some characteristics of the 

parent material. It is more like the parent material from which it has weathered than the subsoil above it. 
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5. fejezet - Soil chemical properties 

1. 

The most important chemical properties of soil 

• pH 

• Cation exchange capacity (CEC) 

• Salinity (EC) 

2. Soil pH 

Soil pH defines the relative acidity or alkalinity of the soil solution (Table 1.). The pH scale in natural systems 

ranges from 0 to 14. A pH value of 7.0 is neutral. Values below 7.0 are acid and those above 7.0 are alkaline, or 

basic. Many agricultural soils have a soil pH between 5.5 and 6.5. 

Soil pH is a measurement of hydrogen ion (H+) activity, or effective concentration, in a soil and water solution. 

Soil pH is expressed in logarithmic terms, which means that each unit change in soil pH amounts to a tenfold 

change in acidity or alkalinity. For example, a soil with a pH of 6.0 has 10 times as much active H+ as one with 

a pH of 7.0. 

 

Descriptive terms commonly associated with certain ranges in soil pH are: 

• extremely acid, lower than 4.5; lemon=2.5; vinegar=3.0; stomach acid=2.0; soda=2–4 

• very strongly acid, 4.5–5.0; beer=4.5–5.0; tomatoes=4.5 

• strongly acid 5.1–5.5; carrots=5.0; asparagus=5.5; boric acid=5.2; cabbage=5.3 

• moderately acid, 5.6–6.0; potatoes=5.6 

• slightly acid, 6.1–6.5; salmon=6.2; cow's milk=6.5 

• neutral, 6.6–7.3; saliva=6.6–7.3; blood=7.3; shrimp=7.0 

• slightly alkaline, 7.4–7.8; eggs=7.6–7.8 

• moderately alkaline, 7.9–8.4; sea water=8.2; sodium bicarbonate=8.4 

• strongly alkaline, 8.5–9.0; borax=9.0 

• very strongly alkaline, > than 9.1; milk of magnesia=10.5, ammonia=11.1; lime=12 

http://www.plantstress.com/Articles/toxicity_i/soilph.htm 
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3. Cation and anion exchange capacity (CEC) 

Cation-exchange capacity is defined as the degree to which a soil can adsorb and exchange cations.on surface 

with negative charge. 

 

4. Sources of negative charge: 
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The main source of charge on clay minerals is isomorphous substitution which confers permanent charge on the 

surface of most layer silicates. 

Ionization of hydroxyl groups on the surface of other soil colloids and organic matter can result in what is 

describes as pH dependent charges-mainly due to the dependent on the pH of the soil environment. Unlike 
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permanent charges developed by isomorphous substitution, pH-dependent charges are variable and increase with 

increasing pH. 

 

 

Presence of surface and broken - edge -OH groups gives the kaolinite clay particles their electronegativity and 

their capacity to absorb cations. In most soils there is a combination of constant and variable charge. Cation-a 
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positively charged ion There are two types of cations, acidic or acid-forming cations, and basic, or alkaline-

forming cations. The Hydrogen cation H+ and the Aluminum cation Al+++ are acid-forming. 

 

The positively charged nutrients that we are mainly concerned with here are Calcium, Magnesium, Potassium 

and Sodium. These are all alkaline cations, also called basic cations or bases. Both types of cations may be 

adsorbed onto either a clay particle or soil organic matter (SOM). All of the nutrients in the soil need to be held 

there somehow, or they will just wash away when you water the garden or get a good rainstorm. Clay particles 

almost always have a negative (-) charge, so they attract and hold positively (+) charged nutrients and non-

nutrients. Soil organic matter (SOM) has both positive and negative charges, so it can hold on to both cations 

and anions.( http://www.soilminerals.com/Cation_Exchange_Simplified.htm) 

 

Anion-a negatively charged ion (NO3
-, PO4

2-, SO4
2-, etc...) 

Soil particles and organic matter have negative charges on their surfaces. Mineral cations can adsorb to the 

negative surface charges or the inorganic and organic soil particles. Once adsorbed, these minerals are not easily 

lost when the soil is leached by water and they also provide a nutrient reserve available to plant roots. 

These minerals can then be replaced or exchanged by other cations (i.e., cation exchange) 

vThe exchage processes (Figure 23) are REVERSIBLE (unless something precipitates, volatilizes, or is strongly 

adsorbed). 
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CEC is highly dependent upon soil texture and organic matter content Table 3, 4.). In general, the more clay and 

organic matter in the soil, the higher the CEC. Clay content is important because these small particles have a 

high ration of surface area to volume. Different types of clays also vary in CEC. Smectites have the highest CEC 

(80-100 millequivalents 100 g-1), followed by illites (15-40 meq 100 g-1) and kaolinites (3-15 meq 100 g-1). 
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5. Measurement of CEC. 

The CEC of soil is usually measured by saturating the soil with an index cation such as Na+, removal of the 

excess salts of the index cation with a dilute solution, and then displacing the Na+ with another cation. The 

amount of Na+ displaced is then measured and the CEC is calculated. 

In general, the CEC of most soils increases with an increase in soil pH. Two factors determine the relative 

proportions of the different cations adsorbed by clays. First, cations are not held equally tight by the soil 

colloids. When the cations are present in equivalent amounts, the order of strength of adsorption is Al3+ > Ca2+ > 

Mg2+ > K+ = NH4+ > Na+. 

The relative concentrations of the cations in soil solution helps determine the degree of adsorption. Very acid 

soils will have high concentrations of H+ and Al3+. In neutral to moderately alkaline soils, Ca2+ and Mg2+ 

dominate. Poorly drained arid soils may adsorb Na in very high quantities. 
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6. Base saturation 

The proportion of CEC satisfied by basic cations (Ca, Mg, K, and Na) is termed percentage base saturation 

(BS%). This property is inversely related to soil acidity. As the BS% increases, the pH increases. High base 

saturation is preferred but not essential for tree fruit production. The availability of nutrient cations such as Ca, 

Mg, and K to plants increases with increasing BS%. 
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Base saturation is usually close to 100% in arid region soils. Base saturation below 100% indicates that part of 

the CEC is occupied by hydrogen and/or aluminum ions. Base saturation above 100% indicates that soluble salts 

or lime may be present, or that there is a procedural problem with the analysis. 

7. CEC and availability of nutrients 

Exchangeable cations, may become available to plants. Plant roots also possess cation exchange capacity. 

Hydrogen ions from the root hairs and microorganisms may replace nutrient cations from the exchange complex 

on soil colloids. The nutrient cations are then released into the soil solution where they can be taken up by the 

adsorptive surfaces of roots and soil organisms. They may however, be lost from the system by drainage water. 
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Additionally, high levels of one nutrient may influence uptake of another (antagonistic relationship). For 

example, K uptake by plants is limited by high levels of Ca in some soils. High levels of K can in turn, limit Mg 

uptake even if Mg levels in soil are high. 

8. Anion-exchange capacity (AEC) 

Sources of anion exchange capacity 

Anion exchange arise from the protonation of hydroxyl groups on the edges of silicate clays and on the surfaces 

of metal oxide clays Anion exchange is inversely related with pH is greatest in soils dominated by the 

sesquioxides. The anions Cl-, NO3
-, and SeO4

2- and to some extent HS- ands SO4
2-, HCO3

-, and CO3
- adsorb 

mainly by ion exchange. Borate, phospahate and carboxylate adsorb principally by specific adsorption 

mechanisms. (http://jan.ucc.nau.edu/~doetqp-p/courses/env320/lec13/Lec13.html) 

The total exchangeable anions that a soil can adsorb, measured as milliequivalents per 100 grams of soil. 

(http://www.encyclopedia.com/doc/1O7-anionexchangecapacity.html ) 

In contrast to CEC, AEC is the degree to which a soil can adsorb and exchange anions. AEC increases as soil 

pH decreases. The pH of most productive soils is usually too high (exceptions are for volcanic soils) for full 

development of AEC and thus it generally plays a minor role in supplying plants with anions. 
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Because the AEC of most agricultural soils is small compared to their CEC, mineral anions such as nitrate (NO3
- 

and Cl-) are repelled by the negative charge on soil colloids. These ions remain mobile in the soil solution and 

thus are susceptible to leaching. (http://soils.tfrec.wsu.edu/webnutritiongood/soilprops/04CEC.htm) 

Phosphate anions are relativelly bounded on the positivelly charged places (iron, aluminium, calcium 

compounds etc.) (Figure 28). 

 

Nitrate is weakly bounded and the nitrate compounds are well soluble soluble in water, that why nitrate can 

easily be leahed out (Figure 29). 
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9. Soil salinity 

Soil salinity is one of the most serious agricultural problems. The cause of this process is the accumulation of 

salts in soil capillaries leading to a sharp decrease in plant fertility. Salt concentration left in plant capillaries, 

with insufficient amount of nourishing substances leads to plants dying. 

More details: Salt affected soils 
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6. fejezet - Physical properties 

1. 

Physical properties of the soil influence to a great extend: 

• root penetration 

• soil tillage operations: seed-bed preparation, ridging, harvesting, etc. 

• soil water relations and the soil moisture retention curve 

The physical properties of a soil are the result of soil parent materials being acted upon by climatic factors (such 

as rainfall and temperature), and being affected by relief (slope and direction or aspect), and by vegetation, with 

time. A change in any one of these soil-forming factors usually results in a difference in the physical properties 

of the resulting soil. 

The important physical properties of a soil are: 

• texture 

• aggregation 

• structure 

• porosity 

2. Texture 

The relative amounts of the different soil size (lower than 2 mm) particles, or the fineness or coarseness of the 

mineral particles in the soil, is referred to as soil texture. Mineral grains which are >2 mm in diameter are called 

rock fragments and are measured separately. Soil texture is determined by the relative amounts of sand, silt, and 

clay in the fine earth ( lower than 2 mm) fraction. 

• Sand particles vary in size from very fine (0.05 mm) to very coarse (2.0 mm) in average diameter. Most sand 

particles can be seen without a magnifying glass. Sands feel coarse and gritty when rubbed between the 

thumb and fingers, except for mica flakes which tend to smear when rubbed. 

• Silt particles range in size from 0.05 mm to 0.002 mm. When moistened, silt feels smooth but is not slick or 

sticky. When dry, it is smooth and floury and if pressed between the thumb and finger will retain the imprint. 

Silt particles are so fine that they cannot usually be seen by the unaided eye and are best seen with the aid of a 

strong hand lens or microscope. 

• Clay is the finest soil particle size class. Individual particles are finer than 0.002 mm. Clay particles can be 

seen only with the aid of an electron microscope. They feel extremely smooth or powdery when dry and 

become plastic and sticky when wet. Clay will hold the form into which it is molded when moist and will 

form a long ribbon when extruded between the fingers. 

Determining textural class with the textural triangle 

There are 12 primary classes of soil texture defined by the USDA (Soil Survey Division Staff, 1993). The 

textural classes are defined by their relative proportions of sand, silt, and clay as shown in the USDA textural 

triangle (Fig. 4.). Each textural class name indicates the size of the mineral particles that are dominant in the 

soil. 

Texture can be estimated in the field by manipulating and feeling the soil between the thumb and fingers, but 

should be quantified by laboratory particle size analysis. 

To use the textural triangle: 
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• First, you will need to know the percentages of sand, silt, and clay in your soil, as determined by laboratory 

particle size analysis. 

• Locate the percentage of clay on the left side of the triangle and move inward horizontally, parallel to the base 

of the triangle. 

• Follow the same procedure for sand, moving along the base of the triangle to locate your sand percentage 

• Then, move up and to the left until you intersect the line corresponding to your clay percentage value. 

• At this point, read the textural class written within the bold boundary on the triangle. For example: a soil with 

40% sand, 30% silt, and 30% clay will be a clay loam. With a moderate amount of practice, soil textural class 

can also be reliably determined in the field. 

If a soil contains 15% or more rock fragments, a rock fragment content modifier is added to the soil‘s texture 

class. For example, the texture class designated as gravelly silt loam would contain 15 to 35% gravels (> 2 mm) 

within a silt loam (lower than 2 mm) fine soil matrix. More detailed information on USDA particle size classes 

and other basic soil morphological descriptors can be found on-line at 

http://soils.usda.gov/technical/handbook/download.html or in the USDA Soil Survey Manual (Soil Survey 

Division Staff, 1993). 

 

3. Effects of texture on soil properties 

Water infiltrates more quickly and moves more freely in coarse-textured or sandy soils, which increases the 

potential for leaching of mobile nutrients. Sandy soils also hold less total water and fewer nutrients for plants 

than fine-textured soils. In addition, the relatively low water holding capacity and the larger amount of air 
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present in sandy soils allows them to warm faster than fine-textured soils. Sandy and loamy soils are also more 

easily tilled than clayey soils, which tend to be denser. 

In general, fine-textured soils hold more water and plant nutrients and thus require less frequent applications of 

water, lime, and fertilizer. Soils with high clay content (more than 40% clay), however, actually hold less plant-

available water than loamy soils. Fine-textured soils have a narrower range of moisture conditions under which 

they can be worked satisfactorily than sandy soils. Soils high in silt and clay may puddle or form surface crusts 

after rains, impeding seedling emergence. High clay soils often break up into large clods when worked while 

either too dry or too wet. 

4. Aggregation and soil structure 

Soil structure is determined by how individual soil granules clump or bind together and aggregate, and 

therefore, the arrangement of soil pores between them (Fig. 5.). Soil structure has a major influence on water 

and air movement, biological activity, root growth and seedling emergence. 

(http://en.wikipedia.org/wiki/Soil_structure) 
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5. Effects of structure on soil properties 

The structure of the soil affects pore space size and distribution and therefore, rates of air and water movement. 

Well-developed structure allows favorable movement of air and water, while poor structure retards movement of 

air and water. Since plant roots move through the same channels in the soil as air and water, well-developed 

structure also encourages extensive root development. 

Water can enter a surface soil that has granular structure (particularly fine-textured soils) more rapidly than one 

that has relatively little structure. 

Surface soil structure is usually granular, but such granules may be indistinct or completely absent if the soil is 

continuously tilled, or if organic matter content is low. 

The size, shape, and strength of structural peds are important to soil productivity. Sandy soils generally have 

poorly developed structure relative to finer textured soils, because of their lower clay content. When the subsoil 

has well developed blocky structure, there will generally be good air and water movement in the soil. If platy 

structure has formed in the subsoil, downward water and air movement and root development in the soil will be 

slowed. Distinct prismatic structure is often associated with subsoils that swell when wet and shrink when dry, 

resulting in reduced air and water movement. Very large and distinct subsoil prisms are also commonly 

associated with fragipans, which are massive and dense subsoil layers. 

6. Porosity 

Soil porosity, or pore space, is the volume percentage of the total soil that is not occupied by solid particles. 

Pore space is commonly expressed as a percentage: 

% pore space = 100 - [bulk density ’ particle density x 100] 
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Bulk density is the dry mass of soil solids per unit volume of soils, and particle density is the density of soil 

solids, which is assumed to be constant at 2.65 g/cm3. Bulk densities of mineral soils are usually in the range of 

1.1 to 1.7 g/cm3. A soil with a bulk density of about 1.32 g/cm3 will generally possess the ideal soil condition of 

50% solids and 50% pore space. Bulk density varies depending on factors such as texture, aggregation, organic 

matter, compaction/consolidation, soil management practices, and soil horizon. 

 

Under field conditions, pore space is filled with a variable mix of water and air. If soil particles are packed 

closely together, as in graded surface soils or compact subsoils, total porosity is low and bulk density is high. If 

soil particles are arranged in porous aggregates, as is often the case in medium-textured soils high in organic 

matter, the pore space per unit volume will be high and the bulk density will be correspondingly low. 

The size of the individual pore spaces, rather than their combined volume, will have the most effect on air and 

water movement in soil. Pores smaller than about 0.05 mm (or finer than sand) in diameter are typically called 

micropores and those larger than 0.05 mm are called macropores. 

Macropores allow the ready movement of air, roots, and percolating water. In contrast, micropores in moist soils 

are typically filled with water, and this does not permit much air movement into or out of the soil. Internal water 

movement is also very slow in micropores. Thus, the movement of air and water through a coarse-textured 

sandy soil can be surprisingly rapid despite its low total porosity because of the dominance of macropores. 
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Fine-textured clay soils, especially those without a stable granular structure, may have reduced movement of air 

and water even though they have a large volume of total pore space. In these fine-textured soils, micropores are 

dominant. Since these small pores often stay full of water, aeration, especially in the subsoil, can be inadequate 

for root development and microbial activity. The loosening and granulation of fine-textured soils promotes 

aeration by increasing the number of macropores. 



   

 34  
Created by XMLmind XSL-FO Converter. 

7. fejezet - Soil-water relationships 

 



 Soil-water relationships  

 35  
Created by XMLmind XSL-FO Converter. 

 

1. Soil water holding capacity 

One of the main functions of soil is to store moisture and supply it to plants between rainfalls or irrigations. 

Evaporation from the soil surface, transpiration by plants and deep percolation combine to reduce soil moisture 

status between water applications. If the water content becomes too low, plants become stressed. The plant 

available moisture storage capacity of a soil provides a buffer which determines a plant‘s capacity to withstand 

dry spells. 

2. Forms of soil water storage 

Water is held in soil in various ways (Fig. 35.) and not all of it is available to plants. 

Chemical water is an integral part of the molecular structure of soil minerals. It can be held tightly by 

electrostatic forces to the surfaces of clay crystals and other minerals and is unavailable to plants. 

The rest of the water in the soil is held in pores, the spaces between the soil particles. The amount of moisture 

that a soil can store and the amount it can supply to plants are dependent on the number and size of its pore 

spaces. 
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Gravitational water is held in large soil pores and rapidly drains out under the action of gravity within a day or 

so after rain. Plants can only make use of gravitational water for a few days after rain. 

Capillary water is held in pores that are small enough to hold water against gravity, but not so tightly that roots 

cannot absorb it. This water occurs as a film around soil particles and in the pores between them and is the main 

source of plant moisture. As this water is withdrawn, the larger pores drain first. The finer the pores, the more 

resistant they are to removal of water. As water is withdrawn, the film becomes thinner and harder to detach 

from the soil particles. This capillary water can move in all directions in response to suction and can move 

upwards through soil for up to two metres, the particles and pores of the soil acting like a wick. 

When soil is saturated, all the pores are full of water, but after a day, all gravitational water drains out, leaving 

the soil at field capacity. Plants then draw water out of the capillary pores, readily at first and then with greater 

difficulty, until no more can be withdrawn and the only water left is in the micro-pores. The soil is then at 

wilting point and without water additions, plants die. 

 

The amount of water available to plants is therefore determined by the capillary porosity and is calculated by the 

difference in moisture content between field capacity and wilting point (Fig. 8.). This is the total available water 

storage of the soil. The portion of the total available moisture store, which can be extracted by plants without 

becoming stressed, is termed readily available water. Irrigators must have knowledge of the readily available 

moisture capacity so that water can be applied before plants have to expend excessive energy to extract 

moisture. 
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The amount of soil water available to plants is governed by the depth of soil that roots can explore (the root 

zone) and the nature of the soil material. Because the total and available moisture storage capacities are linked to 

porosity, the particle sizes (texture) and the arrangement of particles (structure) are the critical factors. Organic 

matter and carbonate levels and stone content also affect moisture storage. 

Poor structure, low organic matter, low carbonate content and presence of stones all reduce the moisture storage 

capacity of a given texture class. 

Clays store large amounts of water, but because they have high wilting points, they need significant rain to be 

able to supply water to plants. On the other hand, sands have limited water storage capacity, but because most of 

it is available, plants can make use of light showers regardless of how dry they are before the shower. Plants 

growing in sand generally have a more dense root system to enable them to access water quickly before the sand 

dries out. 

Soil water-holding capacity is determined largely by the interaction of soil texture, (Table 6.) bulk density/pore 

space, and aggregation. Sands hold little water because their large pore spaces allow water to drain freely from 

the soils. Clays adsorb a relatively large amount of water, and their small pore spaces retain it against 

gravitational forces. However, clayey soils hold water much more tightly than sandy soils, so that not all the 

moisture retained in clayey soils is available to growing plants. As a result, moisture stress can become a 

problem in fine-textured soils despite their high water-holding capacity. 
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3. Field capacity and permanent wilting percentage 

The term field capacity defines the amount of water remaining in a soil after downward gravitational drainage 

has stopped. This value represents the maximum amount of water that a soil can hold against gravity following 

saturation by rain or irrigation. Field capacity is usually expressed as percentage by weight (for example, a soil 

holding 25% water at field capacity contains 25% of its dry weight as retained water). 

The amount of water a soil contains after plants are wilted beyond recovery is called the permanent wilting 

percentage. Considerable water may still be present at this point, particularly in clays, but is held so tightly that 

plants are unable to extract it. The amount of water held by the soil between field capacity and the permanent 

wilting point is the plant- available water. 

4. Tillage and moisture content 

Soils with a high clay content are sticky when wet and form hard clods when dry. Tilling clayey soils at the 

proper moisture content is thus extremely important. Although sandy soils are inherently droughty, they are 

easier to till at varying moisture contents because they do not form dense clods or other high-strength 

aggregates. Sandy soils are also far less likely than clays to be compacted if cultivated when wet. However, soils 

containing high proportions of very fine sand may be compacted by tillage when moist. 

(http://bettersoils.soilwater.com.au/module2/2_1.htm) 

5. Soil moisture retention curve 
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The soil moisture retention curve (pF curve) gives the relation between soil moisture suction and soil moisture 

content (Fig. 9.). 

A soil is at F.C. (field capacity) or has a pF-value of 2, some 2 to 3 days the soil has been saturated by rainfall or 

irrigation. 

When the soil becomes dry and plants cannot take up water anymore the soil is at W.P (wilting point) or has a 

pF=4.2. 
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The amount of water held by a soil in the root zone between F.C. and W.P. and which can be used by plants is 

described as available water. (F.C.- W.P.= available water) For sand, loam and clay the values are 6, 20 and 17 

volume percent respectively (Fig. 42.). (Note that 1 vol.% 

 

Plant Available Water Concept: 

Field capacity is the term used to describe the upper limit of plant available water and permanent wilting point is 

considered the lower limit. 

Field capacity is the amount of water held in soil after excess water has drained away and the rate of downward 

movement has materially decreased, which usually takes place within 2-3 days after a rain or irrigation in 

pervious soils of uniform structure and texture. 

In practice field capacity is often estimated by taking the soil water content at1/3 or 1/10 bar. 

The permanent wilting point is the rootzone soil wetness at which the wilted plant can no longer recover 

turgidity when placed in a saturated atmosphere for 

The permanent wilting point is commonly approximated as the soil water content at 15 bar. 

Plant available water is considered the amount of water held between field capacity and the permanent wilting 

point. 

Limitations to the concept of plant available water: 

• Roots are not distributed throughout the profile. 

• Water content is not uniform throughout the profile. 

• Not all plants have the same wilting point. 

• Water may not be as ‗easily‘ obtained (i.e. available) as the soil dries andpotential decreases toward the 

permanent wilting point. 

6. Soil drainage 

Soil drainage is the rate and extent of vertical or horizontal water removal during the growing season. 

Important factors affecting soil drainage are: 

• slope (or lack of slope) 
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• depth to the seasonal water table 

• texture of surface and subsoil layers, and of underlying materials 

• soil structure 

• problems caused by improper tillage, such as compacted subsoils or lack of surface soil structure 

Another definition of drainage refers to the removal of excess water from the soil to facilitate agriculture, 

forestry, or other higher land uses. This is usually accomplished through a series of surface ditches or the 

installation of subsoil drains. 

7. Soil drainage and soil color 

The nature of soil drainage is usually indicated by soil color patterns (such as mottles) and color variations with 

depth. Clear, bright red and/or yellow subsoil colors indicate well-drained conditions where iron and other 

compounds are present in their oxidized forms. A soil is said to be well-drained when the solum (A+E+B 

horizon) exhibits strong red/yellow colors without any gray mottles. 

When soils become saturated for significant periods of time during the growing season, these oxidized 

(red/yellow) forms of iron are biochemically reduced to soluble forms and can be moved with drainage waters. 

This creates a matrix of drab, dominantly gray colors. Subsoil zones with mixtures of bright red/yellow and gray 

mottling are indicative of seasonally fluctuating water tables, where the subsoil is wet during the winter/early 

spring and unsaturated in the summer/early fall. Poorly drained soils also tend to accumulate large amounts of 

organic matter in their surface horizons because of limited oxidation and may have very thick and dark A 

horizons. 

Soils that are wet in their upper 12 inches for considerable amounts of time during the growing season and that 

support hydrophytic vegetation typical of wetlands are designated as hydric soils. Drainage mottles in these soils 

are referred to as redoximorphic features. Further information on Mid-Atlantic hydric soils and redoximorphic 

features can be found on-line at (http://www.epa.gov/reg3esd1/hydricsoils/index.htm.) 

8. Drainage classes 

The drainage class of a soil defines the frequency of soil wetness as it limits agricultural practices, and is usually 

determined by the depth in soil to gray mottles or other redoximorphic features. The soil drainage classes in 

Table 7. are defined by the USDA-NRCS. They refer to the natural drainage condition of the soil without 

artificial drainage. 
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Water movement in soils 

A unit volume or mass of water tends to move from an area of higher potential energy to one of lower potential 

energy. 

Direction of water movement: The total potential energy of water is the sum of the potentials from all sources. 

Potential energy per unit mass or per unit volume or per unit weight is known as the potential of the water. So 

water free to move will move from a region where it has higher total potential to one of lower total potential 

(Fig. 11.). The potential due to gravity is known as the gravitational potential and that due to the soil particles is 

the matric potential. Soils whose pores are not filled have matric potentials less than zero. Saturated soils under 

the influence of external hydrostatic pressures have matric potentials which are greater than zero. The total 

potential at any point is just the sum of the gravitational and matric (or pressure) potentials at that point. The 

distribution of total potential within a soil allows us to determine if water will move and the direction of 

movement for any soil system. If the total potentials are equal, no movement will occur. The force of gravity is 

one factor. Just as water at a higher elevation on a street tends to run down to a lower elevation due to gravity, 

so water in a soil tends to move downward due gravity. A second factor is the attraction of the soil surfaces for 

water. When water is added to the bottom of a dry pot of soil, the water moves up into the soil due to this 

attraction of the soil surfaces for water. The energy level of the water in contact with the soil particles is less 

than that of the pool of water in the pan so it moves up into the soil. As the soil in the pot becomes wet, this 

attraction is reduced so that by the time the pores are completely filled, the soil no longer attracts additional 

water. If a soil is saturated, a third source of potential energy can exist in the form of external pressure such as 

that provided by a pump or a layer of water in a flooded area. These are the main sources of potential energy in 

soilwater. Other forms can exist, but they will not be discussed here. 

The water movement as the product of a driving force causing water to move and a factor representing the ease 

with which water moves in the soil. This was formalized by Henry Darcy in 1856 as"Darcy's Law" for liquid 

movement in porous media states that the rate of water flow (q) through a given soil segment is equal to the 

hydraulic conductivity of that soil multiplied by the hydraulic gradient that exists in that soil. Darcy's Law is 

written mathematically as follows: 
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where q is the volume of water flowing through a unit cross-sectional area of soil per unit time, K is the 

saturated hydraulic conductivity of the soil, TH is the total hydraulic head and x is the position coordinate in the 

direction of flow. This equation is known as Darcy's Law. For uniform saturated soils, it is useful to write this 

equation as 

 

where THA is the total head at the inlet end of the soil, THB is the total head at the outlet end of the soil column, 

and LAB is the distance between the inlet and outlet. 

The hydraulic conductivity, K, represents the ease with which water flows through a soil. Its value depends 

upon the soil properties and the properties of the soil water. The driving force, df, is represented by 

 

Infiltration: The process of water entering the soil surface is known as infiltration. 

Infiltration rate: Infiltration is a very dynamic process. Water applied to the surface of a relatively dry soil 

infiltrates quickly due to the affinity of the soil particles for water. As time passes and the soil becomes wet, the 

force of gravity becomes the dominant force causing water to move. The infiltration rate gradually decreases 

with time and approaches the value of the saturated conductivity of the soil as shown at the Fig. 47. 
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Cumulative Infiltration: We are often interested in the total amount of water entering a soil. The graph at the 

right shows this cumulative infiltration as a function of time for the Cobb soil. The cumulative infiltration 

increases rapidly at small times and then approaches a linear relationship as the infiltration rate approaches a 

constant value (Fig. 48.). 
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Water content distributions: When water enters a relatively dry soil from a flooded condition such as that used 

above, water at the inlet quickly approaches the saturated water content. The water content changes from its 

initial low value to a value near saturation in a small distance. As time passes this wetting front moves 

downward through the soil as shown at the right. The rate at which the wet front advances decreases with time 

and depth of wetting. In this example, the wetting front advanced about 25 cm in the first 4 hour period, 13 cm 

in the second period, and 10 cm in the fourth period (Fig. 54.). 
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9. Soil aeration 

Many biological and chemical processed are influenced or controlled by aeration, such as root growth, microbial 

activity, and transformation of nutrient elements and toxic chemicals 

Oxygen is required by microbe and plants for respiration. Oxygen taken up and carbon dioxide evolved are 

stoichiometric. Under anaerobic conditions, gaseous carbon compounds other than carbon dioxide are evolved. 

Root elongation is particularly sensitive to aeration. Oxygen deficiency disturbs metabolic processes in plants, 

resulting in the accumulation of toxic substances in plants and low uptake of nutrients. 

Important indicators of soil aeration statusa are air-filled porosity, air permeability, relative gas diffusion 

coefficient, soil air composition, oxygen availability (ODR) and redox potential (Eh). Compaction restricts 

aeration and thereby impair crop growth. Crops, particularly winter crops, are most vulnerable in wet, warm 

periods shortly after sowing or fertilizer application. Impaired crop growth resulting from compaction is 

attributed to the interacting effects of poor aeration and mechanical impedance. Poor aeration can also result in 

gaseous losses of plant-available nitrogen. Experimental evidence of recovery from compaction in undisturbed 

soils is also presented. Subject areas requiring further research effects of compaction on soil aeration properties. 

(Stepniewski, W.; Glin´ski, J.; Ball, B. C. BookSoil compaction in crop production. 1994 pp. 167-189. 

(http://www.cabdirect.org/abstracts/19941909189.html;jsessionid=295D3121FC329723B13268FE2324DAB3) 

In soil respiration studies the diffusive gas fluxes are often calculated using Fick's law. 

Fick's law definition: Fick's law suggests that the rate of diffusion in a given direction across and exchange 

surface: 

1. Is directly proportional to the concentration gradient- the steeper the concentration gradient, the faster the rate 

of diffusion. 

2. Is directly proportional to the surface area- the greater the surface area of a membrane through which 

diffusion is taking place, the faster the rate of diffusion this is one of the factors which limits cellsize. 

3. Is inversely proportional to the distance- the rate of diffusion decreases rapidly with distance. diffusion is thus 

effective only over short distances. this limits cell size. 

Read more: http://wiki.answers.com/Q/What_is_Fick's_law#ixzz1QkxE4ILv 

Fick's first law relates the diffusive flux to the concentration, by postulating that the flux goes from regions of 

high concentration to regions of low concentration, with a magnitude that is proportional to the concentration 

gradient (spatial derivative). In one (spatial) dimension, this is 

(http://en.wikipedia.org/wiki/Fick%27s_laws_of_diffusion) 
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10. Soil thermal properties 

The thermal properties of soil are a component of soil physics that has found important uses in engineering, 

climatology and agriculture. These properties influence how energy is partitioned in the soil profile. While 

related to soil temperature, it is more accurately associated with the transfer of heat throughout the soil, by 

radiation, conduction and convection. 

The main soil thermal properties are: 

• Volumetric heat capacity, SI Units: J.m-3∙K-1 

• Thermal conductivity , SI Units: W.m-1∙K-1 

• Thermal diffusivity , SI Units: m2∙s-1 

Volumetric heat capacity (VHC), also termed volume-specific heat capacity describes the ability of a given 

volume of a substance to store internal energy while undergoing a given temperature change, but without 

undergoing a phase change. The volumetric heat capacity is defined as having SI units of J/(m³•K). It can also 

be described, http://en.wikipedia.org/wiki/Volumetric_heat_capacity. 

Thermal conductivity is an intrinsic property of the soil (or any other substance) that is related to its ability to 

conduct heat. It may be called ―heat flux‖ or ―heat transfer‖ in that it is related to the movement of heat energy 

through the soil. The heat moves from an area of high temperature to a cooler area as the heat redistributes itself 

to reach an equilibrium where the heat is evenly distributed through the substance. 

(http://www.ehow.com/about_6721506_thermal-conductivity-soils.html#ixzz1Ql0iJljR) 

Thermal conductivity, k, is the property of a material's ability to conduct heat. It appears primarily in Fourier's 

Law for heat conduction. 

Heat transfer across materials of high thermal conductivity occurs at a faster rate than across materials of low 

thermal conductivity. Correspondingly materials of high thermal conductivity are widely used in heat sink 

applications and materials of low thermal conductivity are used as thermal insulation. 

Thermal conductivity of materials is temperature dependent. In general, materials become more conductive to 

heat as the average temperature increases.[1] 

The reciprocal of thermal conductivity is thermal resistivity. 

(http://en.wikipedia.org/wiki/Thermal_conductivity) 

Thermal diffusivity (symbol: , but note that the symbols κ, D, and k are all commonly used) is the thermal 

conductivity divided by the volumetric heat capacity. It has the SI unit of m²/s. 

 

where: 

• k: thermal conductivity (SI units: W/(m•K)) 

• ρ: density (kg/m³) 

• cp: specific heat capacity (J/(kg•K)) 

11. Soil temperature 

The temperature can vary greatly with increasing and decreasing solar radiation throughout the day. Depth from 

the surface differences in soil cover such as mulch, stone content and grassing can cause a wide variation in the 

thermal conductivity of a soil. The thermal properties of a soil will indicate the levels of soil water content since 
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water is a better thermal conductor than air. The thermal conductivity of the soil increases as the water level 

increases in a soil. 

Soil temperature is influenced by the specific heat capacity and thermal conductivity. The heat capacity of soil is 

the amount of heat needed to cause a 1 degree Celsius change in the temperature of a 1 cubic centimeter unit 

volume of soil. 

The temperature is also important in chemical reactions and biological interactions in the soil which include 

nutrient and fertilizer transformations, gas exchange and solute transport. 

12. Effects of water on thermal properties 

The presence of water has a strong influence on the soil thermal properties, including thermal conductivity and 

soil heat capacity. Thermal conductivity is a measure of the ease with which a soil transmits heat, in that it 

describes the heat flow in response to a thermal gradient. A thermal gradient or a temperature gradient refers to 

the heat differential between an area of high temperature and one of lower heat or temperature. The heat energy 

will always distribute itself between the two extremes in an effort to find an equilibrium so that the heat energy 

will be evenly distributed. As a result the temperature differential will equalize too. 

Water has a high heat capacity in that it takes less heat to raise the soil temperature in a dry soil than in a wet 

soil. Wet soils conduct heat better than dry soils. 

(http://www.ehow.com/about_6721506_thermal-conductivity-soils.html) 
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8. fejezet - Nutrient cycles 

1. 

The nitrogen cycle is the process by which nitrogen is converted between its various chemical forms. This 

transformation can be carried out via both biological and non-biological processes. Important processes in the 

nitrogen cycle include fixation, mineralization, nitrification, and denitrification. The majority of Earth's 

atmosphere (approximately 78%) is nitrogen,] making it the largest pool of nitrogen. However, atmospheric 

nitrogen has limited availability for biological use, leading to a scarcity of usable nitrogen in many types of 

ecosystems. The nitrogen cycle is of particular interest to ecologists because nitrogen availability can affect the 

rate of key ecosystem processes, including primary production and decomposition. Human activities such as 

fossil fuel combustion, use of artificial nitrogen fertilizers, and release of nitrogen in wastewater have 

dramatically altered the global nitrogen cycle (http://en.wikipedia.org/wiki/File:Nitrogen_Cycle.svg) 

Five main processes cycle nitrogen through the biosphere, atmosphere, and geosphere: nitrogen fixation, 

nitrogen uptake (organismal growth), nitrogen mineralization (decay), nitrification, and denitrification. 

Microorganisms, particularly bacteria, play major roles in all of the principal nitrogen transformations. As 

microbially mediated processes, these nitrogen transformations tend to occur faster than geological processes 

like plate motion, a very slow, purely physical process that is a part of the carbon cycle. Instead, rates are 

affected by environmental factors that influence microbial activity, such as temperature, moisture, and resource 

availability. 

 

2. Nitrogen fixation 

N2 NH4
+ Nitrogen fixation is the process wherein N2 is converted to ammonium, essential because it is the only 

way that organisms can attain nitrogen directly from the atmosphere. Certain bacteria, for example those among 

the genus Rhizobium, are the only organisms that fix nitrogen through metabolic processes. Nitrogen fixing 

bacteria often form symbiotic relationships with host plants. This symbiosis is well-known to occur in the 

legume family of plants (e.g. beans, peas, and clover). In this relationship, nitrogen fixing bacteria inhabit 
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legume root nodules (Fig. 15.) and receive carbohydrates and a favorable environment from their host plant in 

exchange for some of the nitrogen they fix. There are also nitrogen fixing bacteria that exist without plant hosts, 

known as free-living nitrogen fixers. In aquatic environments, blue-green algae (really a bacteria called 

cyanobacteria) is an important free-living nitrogen fixer. 

In addition to nitrogen fixing bacteria, high-energy natural events such as lightning, forest fires, and even hot 

lava flows can cause the fixation of smaller, but significant amounts of nitrogen (Fig. 15.). The high energy of 

these natural phenomena can break the triple bonds of N2 molecules, thereby making individual N atoms 

available for chemical transformation. 

Within the last century, humans have become as important a source of fixed nitrogen as all natural sources 

combined. Burning fossil fuels, using synthetic nitrogen fertilizers, and cultivation of legumes all fix nitrogen. 

Through these activities, humans have more than doubled the amount of fixed nitrogen that is pumped into the 

biosphere every year the consequences of which are discussed below. 

3. Nitrogen uptake 

NH4
+ Organic N The ammonia produced by nitrogen fixing bacteria is usually quickly incorporated into protein 

and other organic nitrogen compounds, either by a host plant, the bacteria itself, or another soil organism. When 

organisms nearer the top of the food chain (like us!) eat, we are using nitrogen that has been fixed initially by 

nitrogen fixing bacteria. 

4. Nitrogen mineralization 

Organic N NH4
+ After nitrogen is incorporated into organic matter, it is often converted back into inorganic 

nitrogen by a process called nitrogen mineralization, otherwise known as decay. When organisms die, 

decomposers (such as bacteria and fungi) consume the organic matter and lead to the process of decomposition. 

During this process, a significant amount of the nitrogen contained within the dead organism is converted to 

ammonium. Once in the form of ammonium, nitrogen is available for use by plants or for further transformation 

into nitrate (NO3
-) through the process called nitrification. 

5. Nitrification 

NH4
+ NO3

- Some of the ammonium produced by decomposition is converted to nitrate via a process called 

nitrification. The bacteria that carry out this reaction gain energy from it. Nitrification requires the presence of 

oxygen, so nitrification can happen only in oxygen-rich environments like circulating or flowing waters and the 

very surface layers of soils and sediments. The process of nitrification has some important consequences. 

Ammonium ions are positively charged and therefore stick (are sorbed) to negatively charged clay particles and 

soil organic matter. The positive charge prevents ammonium nitrogen from being washed out of the soil (or 

leached) by rainfall. In contrast, the negatively charged nitrate ion is not held by soil particles and so can be 

washed down the soil profile, leading to decreased soil fertility and nitrate enrichment of downstream surface 

and groundwaters. 

6. Denitrification 

NO3
- N2+ N2O Through denitrification, oxidized forms of nitrogen such as nitrate and nitrite (NO2

-) are 

converted to dinitrogen (N2) and, to a lesser extent, nitrous oxide gas. Denitrification is an anaerobic process that 

is carried out by denitrifying bacteria, which convert nitrate to dinitrogen in the following sequence: 

NO3
- NO2

- NO N2O N2. 

Nitric oxide and nitrous oxide are both environmentally important gases. Nitric oxide (NO) contributes to smog, 

and nitrous oxide (N2O) is an important greenhouse gas, thereby contributing to global climate change. 

Once converted to dinitrogen, nitrogen is unlikely to be reconverted to a biologically available form because it is 

a gas and is rapidly lost to the atmosphere. Denitrification is the only nitrogen transformation that removes 

nitrogen from ecosystems (essentially irreversibly), and it roughly balances the amount of nitrogen fixed by the 

nitrogen fixers described above. 
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Human alteration of the N cycle and its environmental consequences 

Early in the 20th century, a German scientist named Fritz Haber figured out how to short circuit the nitrogen 

cycle by fixing nitrogen chemically at high temperatures and pressures, creating fertilizers that could be added 

directly to soil. This technology has spread rapidly over the past century, and, along with the advent of new crop 

varieties, the use of synthetic nitrogen fertilizers has led to an enormous boom in agricultural productivity. This 

agricultural productivity has helped us to feed a rapidly growing world population, but the increase in nitrogen 

fixation has had some negative consequences as well. While the consequences are perhaps not as obvious as an 

increase in global temperatures or a hole in the ozone layer, they are just as serious and potentially harmful for 

humans and other organisms. 

Not all of the nitrogen fertilizer applied to agricultural fields stays to nourish crops. Some is washed off of 

agricultural fields by rain or irrigation water, where it leaches into surface or ground water and can accumulate. 

In groundwater that is used as a drinking water source, excess nitrogen can lead to cancer in humans and 

respiratory distress in infants. The U.S. Environmental Protection Agency has established a standard for 

nitrogen in drinking water of 10 mg per liter nitrate-N. Unfortunately, many systems (particularly in agricultural 

areas) already exceed this level. By comparison, nitrate levels in waters that have not been altered by human 

activity are rarely greater than 1 mg/L. In surface waters, added nitrogen can lead to nutrient over-enrichment, 

particularly in coastal waters receiving the inflow from polluted rivers. This nutrient over-enrichment, also 

called eutrophication, has been blamed for increased frequencies of coastal fish-kill events, increased 

frequencies of harmful algal blooms, and species shifts within coastal ecosystems. 

Reactive nitrogen (like NO3
- and NH4

+) present in surface waters and soils, can also enter the atmosphere as the 

smog-component nitric oxide (NO) and the greenhouse gas nitrous oxide (N2O). Eventually, this atmospheric 

nitrogen can be blown into nitrogen-sensitive terrestrial environments, causing long-term changes. For example, 

nitrogen oxides comprise a significant portion of the acidity in acid rain which has been blamed for forest death 

and decline in parts of Europe and the Northeast United States. Increases in atmospheric nitrogen deposition 

have also been blamed for more subtle shifts in dominant species and ecosystem function in some forest and 

grassland ecosystems. For example, on nitrogen-poor serpentine soils of northern Californian grasslands, plant 

assemblages have historically been limited to native species that can survive without a lot of nitrogen. There is 

now some evidence that elevated levels of atmospheric N input from nearby industrial and agricultural 

development have paved the way for invasion by non-native plants. As noted earlier, NO is also a major factor 

in the formation of smog, which is known to cause respiratory illnesses like asthma in both children and adults. 

Currently, much research is devoted to understanding the effects of nitrogen enrichment in the air, groundwater, 

and surface water. Scientists are also exploring alternative agricultural practices that will sustain high 

productivity while decreasing the negative impacts caused by fertilizer use. These studies not only help us 

quantify how humans have altered the natural world, but increase our understanding of the processes involved in 

the nitrogen cycle as a whole. (http://www.visionlearning.com/library/module_viewer.php?mid=98) 
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9. fejezet - Nitrogen loss 

1. Leaching of Nitrate-N 

All applied N fertilizer sources eventually convert completely to the nitrate-N form. This form of nitrogen is not 

held tightly by soil particles and can be leached from the soil profile with excessive rains, especially on lighter-

textured soils. Nitrate-containing fertilizers, including UAN solutions and ammonium nitrate, are susceptible to 

leaching loss as soon as they are applied. Urea can convert to nitrate-N in less than two weeks in late spring; and 

thereafter is susceptible to leaching loss. Anhydrous ammonia converts more slowly to nitrate-N because of its 

initial toxic effects on the soil microbes responsible for the conversion of ammonium-N to nitrate-N (Fig 16.). 

2. Denitrification of Nitrate-N 

Certain soil bacteria that thrive in saturated (anaerobic) soil conditions will convert nitrate-N to oxygen and 

nitrogen gases. Volatilization of the nitrogen gas can result in N losses of as much as 5% of the available nitrate-

N per day. Soils at greatest risk to denitrification N loss are those that are naturally heavy and poorly drained, 

plus fields with significant levels of soil compaction that restricts natural drainage. Because denitrification 

affects nitrate-N, the relative risk of N fertilizer products is identical to that for leaching N loss (Fig.16.). 

3. Nitrogen immobilization 

A fourth N loss mechanism is more temporary in nature. Soil microbes that decompose high carbon-content 

plant residues to organic matter use soil N during the decomposition process. Consequently, the nitrogen from 

the surface-applied fertilizer is ―tied up‖ in the resulting organic matter and is temporarily unavailable for plant 

uptake until mineralization of the organic matter occurs at a later date. Such immobilization of soil N can be 

especially prevalent in high-residue no-till cropping systems. Unfortunately, applying N fertilizer in the fall to 

corn residues has not been shown to reduce N immobilization or speed residue decomposition. 

(http://www.agry.purdue.edu/ext/pubs/2006NLossMechanisms.pdf) 
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4. Phosphorus cycle 

Phosphorus is an essential nutrient for plants and animals in the form of ions PO4
3- and HPO4

2-. It is a part of 

DNA-molecules, of molecules that store energy (ATP and ADP) and of fats of cell membranes. Phosphorus is 

also a building block of certain parts of the human and animal body, such as the bones and teeth. 

Phosphorus can be found on earth in water, soil and sediments. Unlike the compounds of other matter cycles 

phosphorus cannot be found in air in the gaseous state. This is because phosphorus is usually liquid at normal 

temperatures and pressures. It is mainly cycling through water, soil and sediments. In the atmosphere 

phosphorus can mainly be found as very small dust particles. 

Phosphorus moves slowly from deposits on land and in sediments, to living organisms, and than much more 

slowly back into the soil and water sediment. The phosphorus cycle is the slowest one of the matter cycles that 

are described here. 

Phosphorus is most commonly found in rock formations and ocean sediments as phosphate salts. Phosphate salts 

that are released from rocks through weathering usually dissolve in soil water and will be absorbed by plants. 

Because the quantities of phosphorus in soil are generally small, it is often the limiting factor for plant growth. 

That is why humans often apply phosphate fertilizers on farmland. Phosphates are also limiting factors for plant-

growth in marine ecosystems, because they are not very water-soluble. Animals absorb phosphates by eating 

plants or plant-eating animals. 

Phosphorus cycles through plants and animals much faster than it does through rocks and sediments. When 

animals and plants die, phosphates will return to the soils or oceans again during decay. After that, phosphorus 

will end up in sediments or rock formations again, remaining there for millions of years. Eventually, phosphorus 

is released again through weathering and the cycle starts over (Fig. 17). 

 

5. Potassium cycle 

Potassium is taken up by plants in large quantities and is necessary to many plant functions, including 

carbohydrates metabolism, enzyme activation, osmotic regulation, and protein synthesis. Potassium is essential 

for photosynthesis, for nitrogen fixation in legumes, starch formation, and translocation of sugars. As a result of 

several of these functions, a good supply of potassium promotes production of plump grains and large tubers. 

Potassium is important in helping plants adapt to environmental stresses (e.g. improved drought tolerance and 

winter hardiness, better resistance to fungal diseases and insect pests (Fig. 64). 
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6. Eutrophication 

It means the gradual increase in the concentration of phosphorus, nitrogen, and other plant nutrients in an aging 

aquatic ecosystem such as a lake. The productivity or fertility of such an ecosystem increases as the amount of 

organic material that can be broken down into nutrients increases. This material enters the ecosystem primarily 

by runoff from land that carries debris and products of the reproduction and death of terrestrial organisms. 

Blooms, or great concentrations of algae and microscopic organisms, often develop on the surface, preventing 

the light penetration and oxygen absorption necessary for underwater life. 

(http://www.britannica.com/EBchecked/topic/196751/eutrophication) 

Eutrophication is a syndrome of ecosystem responses to human activities that fertilize water bodies with 

nitrogen (N) and phosphorus (P), often leading to changes in animal and plant populations and degradation of 

water and habitat quality. Nitrogen and phosphorus are essential components of structural proteins, enzymes, 

cell membranes, nucleic acids, and molecules that capture and utilize light and chemical energy to support life. 

The biologically available forms of N and P are present at low concentrations in pristine lakes, rivers, estuaries, 

and in vast regions of the upper ocean. 

Pristine aquatic ecosystems function in approximate steady state in which primary production of new plant 

biomass is sustained by N and P released as byproducts of microbial and animal metabolism. This balanced state 

is disrupted by human activities that artificially enrich water bodies with N and P, resulting in unnaturally high 

rates of plant production and accumulation of organic matter that can degrade water and habitat quality. These 

inputs may come from untreated sewage discharges, sewage treatment plants or runoff of fertilizer from farm 

fields or suburban lawns. In some cases the climax stage of algal blooms can release toxic chemicals suc 

(Cloern J. E.: Eutrophication http://www.eoearth.org/article/Eutrophication) 

Soil Survey, also called Soil Resource Inventory (SRI) 

As a document: 
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Any spatially-explicit information about the distribution of soil types or properties. These are usually presented 

as maps with an accompanying report. To be useful in a GIS, the SRI should be available in digital form as a 

Soil Geographic Database (SGDB). 

As an activity: 

The process of determining the types or properties of the soil cover over a landscape, and mapping them for 

others to understand and use. 

It is a branch of applied physical geography, and draws heavily from geomorphology, analysis of vegetation and 

land-use patterns, and theories of soil formation. Primary data for the soil survey are acquired by field sampling, 

supported by remote sensing (principally vertical airphotos). 

(http://www.itc.nl/~rossiter/research/rsrch_ss_tut.html) 

7. Soil Classification Systems 

Soil Classification Systems have been developed to provide scientists and resource managers with generalized 

information about the nature of a soil found in a particular location. In general, environments that share 

comparable soil forming factors produce similar types of soils. This phenomenon makes classification possible. 

Numerous classification systems are in use worldwide. 
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10. fejezet - United States Soil 
Classification System 

1. 

The first formal system of soil classification was introduced in the United States by Curtis F. Marbut in the 

1930s. This system, however, had some serious limitations, and by the early 1950s the United States Soil 

Conservation Service began the development of a new method of soil classification. The process of 

development of the new system took nearly a decade to complete. By 1960, the review process was completed 

and the Seventh Approximation Soil Classification System was introduced. Since 1960, this soil classification 

system has undergone numerous minor modifications and is now under the control of Natural Resources 

Conservation Service (NRCS), which is a branch of the Department of Agriculture. The current version of the 

system has six levels of classification in its hierarchical structure. The major divisions in this classification 

system, from general to specific, are: orders, suborders, great groups, subgroups, families, and series. At its 

lowest level of organization, the U.S. system of soil classification recognizes approximately 15,000 different 

soil series. 

The most general category of the NRCS Soil Classification System recognizes eleven distinct soil orders: 

oxisols, aridsols, mollisols, alfisols, ultisols, spodsols, entisols, inceptisols, vertisols, histosols, and andisols. 

Oxisols develop in tropical and subtropical latitudes that experience an environment with high precipitation and 

temperature. The profiles of oxisols contain mixtures of quartz, kaolin clay, iron and aluminum oxides, and 

organic matter. For the most part they have a nearly featureless soil profile without clearly marked horizons. The 

abundance of iron and aluminum oxides found in these soils results from strong chemical weathering and heavy 

leaching. Many oxisols contain laterite layers because of a seasonally fluctuating water table. 

Aridsols are soils that develop in very dry environments. The main characteristic of this soil is poor and shallow 

soil horizon development. Aridsols also tend to be light colored because of limited humus additions from 

vegetation. The hot climate under which these soils develop tends to restrict vegetation growth. Because of 

limited rain and high temperatures soil water tends to migrate in these soils in an upward direction. This 

condition causes the deposition of salts carried by the water at or near the ground surface because of 

evaporation. This soil process is of course called salinization. 

Mollisols are soils common to grassland environments. In the United States most of the natural grasslands have 

been converted into agricultural fields for crop growth. Mollisols have a dark colored surface horizon, tend to be 

base rich, and are quite fertile. The dark color of the A horizon is the result of humus enrichment from the 

decomposition of litterfall. Mollisols found in more arid environments often exhibit calcification. 

Alfisols form under forest vegetation where the parent material has undergone significant weathering. These 

soils are quite widespread in their distribution and are found from southern Florida to northern Minnesota. The 

most distinguishing characteristics of this soil type are the illuviation of clay in the B horizon, moderate to high 

concentrations of base cations, and light colored surface horizons. 

Ultisols are soils common to the southeastern United States. This region receives high amounts of precipitation 

because of summer thunderstorms and the winter dominance of the mid-latitude cyclone. Warm temperatures 

and the abundant availability of moisture enhances the weathering process and increases the rate of leaching in 

these soils. Enhanced weathering causes mineral alteration and the dominance of iron and aluminum oxides. The 

presence of the iron oxides causes the A horizon of these soils to be stained red. Leaching causes these soils to 

have low quantities of base cations. 

Spodsols are soils that develop under coniferous vegetation and as a result are modified by podzolization. Parent 

materials of these soils tend to be rich in sand. The litter of the coniferous vegetation is low in base cations and 

contributes to acid accumulations in the soil. In these soils, mixtures of organic matter and aluminum, with or 

without iron, accumulate in the B horizon. The A horizon of these soils normally has an eluvial layer that has 

the color of more or less quartz sand. Most spodosols have little silicate clay and only small quantities of humus 

in their A horizon. 
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Entisols are immature soils that lack the vertical development of horizons. These soils are often associated with 

recently deposited sediments from wind, water, or ice erosion. Given more time, these soils will develop into 

another soil type. 

Inceptisols are young soils that are more developed than entisols. These soils are found in arctic tundra 

environments, glacial deposits, and relatively recent deposits of stream alluvium. Common characteristics of 

recognition include immature development of eluviation in the A horizon and illuviation in the B horizon, and 

evidence of the beginning of weathering processes on parent material sediments. 

Vertisols are heavy clay soils that show significant expansion and contraction due to the presence or absence of 

moisture. Vertisols are common in areas that have shale parent material and heavy precipitation. The location of 

these soils in the United States is primarily found in Texas where they are used to grow cotton. 

Histosols are organic soils that form in areas of poor drainage. Their profile consists of thick accumulations of 

organic matter at various stages of decomposition. 

Andisols develop from volcanic parent materials. Volcanic deposits have a unique process of weathering that 

causes the accumulation of allophane and oxides of iron and aluminum in developing soils. 

The Soil Taxonomy developed since the early 1950's is the most comprehensive soil classification system in the 

world, developed with international cooperation it is sometimes described as the best system so far. However, 

for use with the soils of the tropics, the system would need continuous improvement. 

Hierarchy of Categories in the Soil Taxonomy 

There are six levels in the hierarchy of categories: Orders (the highest category), suborders, great groups, 

subgroups, families and series (the lowest category) (USDA, 1978). 

Orders 

There are ten orders, differentiated on gross morphological features by the presence or absence of diagnostic 

horizons or features which show the dominant set of soil-forming processes that have taken place. The ten 

orders and their major characteristics are shown in Table 8. The occurrence of the major soils in the humid and 

subhumid tropics is shown in Table 9. 

Suborders 

It is the next level of generalization. It permits more statements to be made about a given soil. In addition to 

morphological characteristics other soil properties are used to classify the soil. The suborder focusses on genetic 

homogeneity like wetness or other climatic factors. There are 47 suborders within the 10 orders. The names of 

the suborders consist of two syllables. The first connotes the diagnostics properties; the second is the formative 

element from the soil order name. For example, an Ustalf is an alfisol with an ustic moisture regime (associated 

with subhumid climates). 

Great groups 

The great group permits more specific statements about a given soil as it notes the arrangement of the soil 

horizons. A total of 230 great groups (140 of which occur in the tropics) have been defined for the 47 suborders. 

The name of a great group consists of the name of the suborder and a prefix suggesting diagnostic properties. 

For example, a Plinthustalf is an ustalf that has developed plinthite in the profile. Plinthite development is 

selected as the important property and so forms the prefix for the great group name. 
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Subgroups 

There are three kinds of subgroups: 

1. The typical subgroup which represents the central concept of the great group, for example Typic Paleustalfs. 

2. Intergrades are transitional forms to other orders, suborders or great groups, for example Aridic Paleustalfs or 

Oxic Paleustalfs. 

3. Extragrades have some properties which are not representative of the great group but do not indicate 

transitions, for example, Petrocalcic Paleustalf. 

Families 

The grouping of soils within families is based on the presence or absence of physical and chemical properties 

important for plant growth and may not be indicative of any particular process. The properties include particle 

size distribution and mineralogy beneath the plough layer, temperature regime, and thickness of rooting zone. 

Typical family names are clayey, kaolinitic, isohyperthermic, etc. There are thousands of families. 

Series 

The soil series is the lowest category. It is a grouping of soil individuals on the basis of narrowly defined 

properties, relating to kind and arrangement of horizons; colour, texture, structure, consistence and reaction of 

horizons; chemical and mineralogical properties of the horizons. The soil series are given local place names 

following the earlier practice in the old systems in naming soil series. There are tens of thousands of series. 
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Distribution of USDA - Classified Soils in the Tropics 

According to the USDA Soil Taxonomy, Oxisols are the most abundant soils in the humid and perhumid tropics 

covering about 35 percent of the land area (Table 10.). Ultisols are the second most abundant, covering an 

estimated 28 percent of the region. About half of the Ultisols and 60 percent of the Oxisols are located in humid 

and perhumid tropical Africa and Asia. In tropical Africa, they are abundant in the eastern Congo basin 

bordering the lake region; in the forested zones of Sierra Leone; in Ivory Coast; in parts of Liberia; and in the 

forested coastal strip from Ivory Coast to Cameroon (Table 9). 

 

The Alfisols, which have high to moderate fertility, cover a smaller area of the humid tropics. In west Africa 

they are found in Ivory Coast, Ghana, Togo, Benin, Nigeria and Cameroon. They are, however, the most 

abundant soils in Africa's subhumid and semi-arid zones, covering about one third of these regions. The Alfisols 

are widely distributed in the subhumid and semi-arid tropical regions of Africa, including large areas in western, 

eastern, central, and southeastern Africa (Table 10). 
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11. fejezet - World Reference Base for 
Soil Resources 

1. 

The World Reference Base for Soil Resources (WRB) is the international standard taxonomic soil classification 

system endorsed by the International Union of Soil Sciences (IUSS). It was developed by an international 

collaboration coordinated by the International Soil Reference and Information Centre (ISRIC) and sponsored by 

the IUSS and the FAO via its Land and Water Development division. It replaces the previous FAO soil 

classification. 

The WRB borrows heavily from modern soil classification concepts, including USDA soil taxonomy, the legend 

for the FAO Soil Map of the World 1988, the Référentiel Pédologique and Russian concepts. The classification 

is based mainly on soil morphology as an expression pedogenesis. A major difference with USDA soil 

taxonomy is that soil climate is not part of the system, except insofar as climate influences soil profile 

characteristics. As far as possible, diagnostic criteria match those of existing systems, so that correlation with 

national and previous international systems is as straightforward as possible. 

The WRB is meant for correlation of national and local systems. The level of detail corresponds to USDA soil 

taxonomy subgroups, without the soil climate information. It is not detailed enough for mapping at scales larger 

than about 1:200k, although proposal have been made to couple WRB with substrate information to map at 

1:50k in regional studies. 

Key to the WRB reference soil groups 
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12. fejezet - The major soil types of 
Europe 

1. 

(http://enfo.agt.bme.hu/drupal/sites/default/files/EU%20talajai%206.pdf) 

ACRISOLS: Soil with subsurface accumulation of low activity clay minerals and low base saturation (from the 

Latin, acris, meaning very acid). 

An Acrisol is a highly weathered soil occurring in warm temperate regions and the wetter parts of the tropics 

and subtropics. Acrisols have poor chemical properties, low levels of plant nutrients, high levels of aluminium 

and high susceptibility to erosion. These conditions are strong limitations for agricultural use. Acrisols are 

similar to the Red-Yellow Podzolic soil of Indonesia, Red and Yellow Earths and are related to several 

subgroups of Alfisols and Ultisols(Soil Taxonomy). Acrisoils cover less than 1 % of Europe. 

 

ANDOSOLS: Young soil developed from highly weatherable volcanic deposits (from the Japanese, an, meaning 

black, and do, meaning soil). Most Andosols are formed from volcanic ejecta (ash, pumice, cinder) and related 

parent materials. The rapid chemical weathering of porous, permeable, fine-grained mineral material, in the 

presence of organic matter, generally results in the rapid development of soil profiles. The dark topsoil is 

generally different in colour from subsoil. Andosols occur throughout the world where volcanic activity is 

common. Other international names are Andisols (Soil Taxonomy), Vitrisols (France) and volcanic ash soil. 

Cover around 1 % of Europe 
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ALBELUVISOLS: Acid soil with a bleached horizon penetrating a clay accumulation horizon (from the Latin, 

albus, meaning white and eluere, meaning to wash out). Albeluvisols have an accumulation of clay in the 

subsoil with an irregular or broken upperboundary and deep penetrations or ‗tonguing‘ of bleached soil material 

into the illuviation horizon. The typical ―albeluvic tongues‖ are generally the result of freeze-thaw processes in 

periglacial conditions and often show a polygonal network in horizontal cuts. Albeluvisols occur mainly in the 

moist and cool temperate regions. Also known as Podzoluvisols. They cover 15 % of Europe as the most 

common soil. 
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ANTHROSOLS: Soil formed or modified by human activity that caused profound changes in soil properties 

(from the Greek, anthropos, meaning man). An Anthrosol is a soil that was formed or significantly modified 

through human activities ranging from long-term deep cultivation (e.g. terraces), substantial additions of mineral 

and organic fertilizers, continuous application of earth (e.g. sods, shells), irrigation and substantial additions of 

sediment to wet cultivation involving puddling of the surface soil. The morphological and chemical 

characteristics of this soil vary depending on the specific human activity. Anthrosols are also known as Plaggen 

soil, Paddy soil, Oasis soil and Terra Preta do Indio. 
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ARENOSOLS: Easily erodable sandy soil with slow weathering rate, low water and nutrient holding capacity 

and low base saturation (from the Latin, arena, meaning sand). Arenosols have a coarse texture to a depth of one 

metre or to a hard layer. Soil formation is limited by low weathering rate and frequent erosion of the surface. If 

vegetation has not developed, shifting sands dominate. Accumulation of organic matter in the top horizon and/or 

lamellae of clay, and/or humus and iron complexes, mark periods of stability. Arenosols are amongst the most 

extensive soil types in the world. They cover 1 % of Europe. 
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CAMBISOLS: Soil that is only moderately developed on account of limited age or rejuvenation of the soil 

material (from the Latin cambiare meaning to change). A Cambisol is a young soil. Pedogenic processes are 

evident from colour development and/or structure formation below the surface horizon. Cambisols occur in a 

wide variety of environments around the world and under all many kinds of vegetation. Commonly referred to 
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as brown soil, Braunerde (Germany), Sols bruns (France) or Brunizems (Russia). The USDA Soil Taxonomy 

classifies Cambisols as Inceptisols They cover 12 % of Europe. 

 

CALCISOLS: Soil with significant accumulation of secondary calcium carbonates, generally developed in dry 

areas (from the Latin, calcarius, meaning calcareous or lime-rich).Calcisols have substantial movement and 
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accumulation of calcium-carbonate within the soil profile. The precipitation may occur as pseudomycelium 

(root channels filled with fine calcite), nodules or even in continuous layers of soft or hard lime (calcrete). 

Calcisols are common on calcareous parent material in regions with distinct dry seasons, as well as in dry areas 

where carbonate-rich groundwater comes near the surface. Formerly Calcisols were internationally known as 

Desert soil and Takyrs. They cover 5 % of Europe. 

 

CHERNOZEMS: Soil with a deep, dark surface horizon that is rich in organic matter and secondary calcium 

carbonate concentrations in the deeper horizons (from the Russian for chern, black, and zemlja, earth). Soil 

having a very dark brown or blackish surface horizon with a significant accumulation of organic matter, a high 

pH and having calcium carbonate deposits within 50 cm of the lower limit of the humus rich horizon. 

Chernozems show high biological activity and are typically found in the long-grass steppe regions of the world, 

especially in Eastern Europe, Ukraine, Russia, Canada and the USA. Chernozems are amongst the most 

productive soil types in the world. They cover 9 % of Europe. 
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CRYSOLS: Soil of cold areas with permafrost within a depth of 1m from the surface (from the Greek kraios, 

meaning cold or ice). Cryosols develop in arctic and mountainous regions where permanently frozen subsoil or 

"permafrost" is found. In this type of soil, water occurs primarily in the form of ice and cryogenic processes - 

such as 'freeze-thaw' sequences, 'cryo-turbation', 'frost heave', 'cryogenic sorting', 'thermal cracking' and 'ice 



 The major soil types of Europe  

 78  
Created by XMLmind XSL-FO Converter. 

segregation' are the dominant soil forming processes. These processes result in distorted horizons and patterned 

ground. These soils are widely known as Permafrost soil, Gelisols, Cryozems, Cryomorphic soils and Polar 

Desert soil. They cover 2 % of Europe. 

 

GLEYSOLS: Soil saturated by groundwater near the surface for long periods (from the Russian, gley, meaning 

'mucky mass') Gleysols occur mainly in lowland areas where the groundwater comes close to the surface and the 

soil is saturated with groundwater for long periods of time. Conditioned by excessive wetness at shallow depth, 

this type of soil develops gleyic colour patterns made up of reddish, brownish or yellowish colours on ped 

surfaces or in the upper soil layers, in combination with greyish/bluish colours inside the peds or deeper in the 

soil profile. Common international names are Gleyzems (Russia), Gley (Germany), meadow soil, groundwater 

soil and hydro-morphic soil. They cover 5 % of Europe. 
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FLUVISOLS: Young soil in alluvial (floodplain), lacustrine (lake) and marine deposits (from the Latin, fluvius, 

meaning river). Fluvisols are common in periodically flooded areas such as alluvial plains, river fans, valleys 

and tidal marshes, on all continents and in all climate zones. Fluvisols show layering of the sediments rather 

than pedogenic horizons. Their characteristics and fertility depend on the nature and sequence of the sediments 
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and length of periods of soil formation after or between flood events. Common international names are Alluvial 

soil, Fluvents (Soil Taxonomy) and Auenböden (Germany). They cover 5 % of Europe. 
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GYPSISOLS: Soil of dry areas with secondary accumulation of gypsum (from the Latin, gypsum, meaning the 

evaporite calcium sulphate). Gypsisols have substantial secondary accumulation of gypsum in the subsurface. 

Most areas of Gypsisols are in use for low volume extensive grazing. They occur in the driest parts of the arid 

climate zone, which explains why leading soil classification systems label them Desert soil (USSR), Aridisols 

(Soil Taxonomy), Yermosols or Xerosols (FAO). Dominant in only very small part of Europe (less than 0.1 %) 
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HISTOSOLS: Dark soil with high accumulation of partially decomposed organic matter generally developed in 

wet or cold conditions (from the Greek, histos, meaning tissue). Histosols are composed mainly of organic soil 

material. During development, the organic matter production exceeds the rate of decomposition. The 

decomposition is retarded mainly by low temperatures or anerobic (low oxygen) conditions which result in high 

accumulations of partially decomposed organic matter. Histosols occur mainly in the boreal and sub arctic 

regions and are also known as peat, muck, bog and organic soil. They cover 5 % of Europe. 
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LEPTOSOLS: Shallow soil over hard rock or gravelly material (from the Greek, leptos, meaning thin). 

Leptosols are shallow over hard rock and comprise of very gravelly or highly calcareous material.They are 

found mainly in mountainous regions and in areas where the soil has been eroded to the extent that hard rock 

comes near to the surface. Because of limited pedogenic development, Leptosols do not have much structure. 
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On a global scale, Leptosols are very extensive. Leptosols on limestone are called Rendzinas while those on acid 

rocks, such as granite, are called Rankers. They cover 9 % of Europe. 
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KASTANOZEMS: Soil with surface horizon rich in organic matter and with calcium carbonate or gypsum 

accumulation in subsurface horizons (from the Latin castanea, chestnut, and the Russian, zemlja, meaning earth 

or land). Kastanozems have a deep, dark coloured surface horizon with a significant accumulation of organic 

matter, high pH and an accumulation of calcium carbonate within 100 cm of the soil surface. Kastanozems 

occur mainly in the dry parts of the steppe regions of the world and are shallower and lighter in colour than 

Chernozems. They cover 2 % of Europe. 
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LUVISOLS: Soil with a subsurface horizon of high activity clay accumulation and high base saturation (from 

the Latin, luere, meaning to wash).Luvisols show marked textural differences within the profile. The surface 

horizon is depleted in clay while the subsurface ‗argic‘ horizon has accumulated clay. A wide range of parent 

materials and environmental conditions lead to a great diversity of soils in this Reference Soil Group.Other 
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names used for this soil type include Pseudo-podzolic soil (Russia), sols lessivés (France),Parabraunerde 

(Germany) and Alfisols (Soil Taxonomy). They cover 6 % of Europe. 

 

PHAEOZEMS: Soil with a deep, dark surface horizon that is rich in organic matter without secondary calcium 

carbonate concentrations within 1m (from the Greek, phaios, meaning dusk and the Russian, zemlja, meaning 

earth or land). Phaeozems are found in wet steppe (prairie) regions and are much like Chernozems and 

Kastanozems but more intensively leached in wet seasons. Consequently, they have a dark,humus-rich surface 
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horizon and have no secondary carbonates in the upper metre of soil. Commonly used international names are 

Brunizems (Argentina, France), Parabraunerde-Tschernozems (Germany) and Aquolls in the order of the 

Mollisols (Soil Taxonomy) They cover 3 % of Europe.. 
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REGOSOLS: Soils with limited development (from Greek, rhegos,meaning blanket).A Regosol is a very weakly 

developed mineral soil in unconsolidated materials with only a limited surface horizon having formed. Limiting 

factors for soil development range from low soil temperatures, prolonged dryness, characteristics of the parent 

material or erosion. Regosols form a taxonomic rest group containing all soil types that cannot be 

accommodated in any of the other WRB Reference Groups. Regosols are extensive in eroding lands, in 

particular, in arid and semi-arid areas and in mountainous regions.Internationally, Regosols are similar to 

Entisols (USA), skeletal soil (Australia), Rohböden (Germany) and Sols peu évolués régosoliques 

d'érosion(France). They cover 2 % of Europe. 
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PODZOLS: Acid soil with a bleached horizon underlain by an accumulation of organic matter, aluminium and 

iron (from the Russian, pod, meaning under, and zola, meaning ash).Under acidic conditions aluminium, iron 

and organic compounds migrate from the surface soil down to the B-horizon with percolating rainwater. The 

humus complexes deposit in an accumulation (spodic) horizon while the overlying soil is left behind as a 

strongly bleached albic horizon. Most Podzols develop in humid, well drained areas, particularly, in the Boreal 

and Temperate Zones. They cover 14 % of Europe, the dominant soil of the northern latitudes. 
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SOLONCHAKS: Strongly saline soil (from the Russian, sol, meaning salt and chak, meaning salty 

area).Solonchaks are a strongly saline soil type with high concentration of soluble salts. They occur where saline 

groundwater comes near to the surface or where the evapo-transpiration is considerably higher than 

precipitation, at least during a large part of the year. Salts dissolved in the soil moisture remain behind after 

evaporation of the water and accumulate at or near the surface. Their morphology, characteristics and limitations 

to plant growth depend on the amount, depth and composition of the salts. Common international names for 

Solonchaks are saline soil and salt-affected soil. They are dominant in very small areas but can be very 

important locally. 
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SOLONETZ: Soil with subsurface horizon of clay accumulation and high sodium content (from the Russian, 

sol, meaning salt and etz, meaning strongly expressed).Strongly alkaline soil with a subsurface horizon of clay 

minerals, strong columnar structure and high proportion of adsorbed sodium and/or magnesium ions. Solonetz 

are normally associated with flat lands in a climate with hot, dry summers or with former coastal deposits that 

contain a high proportion of salt. Solonetz soil occurs mainly in the Ukraine, Russia, Kazakhstan, Hungary, 

Bulgaria and Romania. Internationally, Solonetz are referred to as alkali soil and sodic soil, Sols sodiques à 

horizon B et Solonetz solodisés (France), Natrustalfs, Natrustolls, Natrixeralfs, Natrargids or Nadurargids (Soil 

Taxonomy). They cover 0.5 % of Europe. 
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VERTISOLS: Seasonally cracking soil, rich in swelling clays (from the Latin, vertere, to turn). Vertisols are 

rich in swelling clay minerals and occur primarily in level landscapes under climates with pronounced dry and 

wet seasons. Vertisols shrink and swell upon drying and wetting. Deep wide cracks form when the soil dries out 

and swelling in the wet season and creates polished and grooved ped surfaces (slickensides) or wedge-shaped or 

parallel-sided aggregates in the subsurface vertic horizon. The landscapes of a Vertisol may have a complex 

micro-topography of micro-knolls and mircro-basins called ―gilgai‖. Vertisols are also known as black cotton 

soil (USA), regur (India), vlei soil (South Africa) and margalites (Indonesia). They cover 0.5 % of Europe. 
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UMBRISOLS: Soil with dark, acid, surface horizon rich in organic matter (from the Latin, umbra, meaning 

shade). Umbrisols generally develop in cool and humid climates, where precipitation considerably exceeds 

evapotranspiration. They are usually associated with acid parent materials. In other mapping systems, these soils 

are classified as Umbrepts and Humitropepts (Soil Taxonomy), Humic Cambisols and Umbric Regosols (FAO), 

Sombric Brunisols and Humic Regosols (France). 
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The current Hungarian Soil Classification System (HSCS) was developed in the 1960s, based on the genetic 

principles of Dokuchaev. The central unit is the soil type grouping soils that were believed to have developed 

under similar soil forming factors and processes. The major soil types are the highest category which groups 

soils based on climatic, geographical and genetic bases. Subtypes and varieties are distinguished according to 



 The major soil types of Europe  

 98  
Created by XMLmind XSL-FO Converter. 

the assumed dominance of soil forming processes and observable/measurable morphogenetic properties. On the 

highest, major soil type level, 9 categories are distinguished (Figure 92): 

 

Geographical location of major soil types is illustrated in figures 93-100. 
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classification systems has an increased importance in the development of European and global databases. In 

Hungary a suggestion for correlation of Hungarian soil types with WRB was made by Láng et al. (Table 20) 

(Láng V. - Fuchs M. - Waltner I. - Michéli E: Pedometrics application for correlation of Hungarian soil types 

with WRB 
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Compliance of different classification systems 

The development of the recent European and global initiatives resulted in an increasing demand for harmonized 

digital soil information. The correlation of different national 

The soil map and the main soils of Hungary according to WRBare presented in Figure 101-102. 
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In hillier or mountainous areas, higher precipitation and lower temperatures lead to the development of soils 

under forest vegetation. These fertile soils, known as Luvisols (Figure 103), were heavily influenced by 

percolating water which led to the accumulation of clay in the subsoil. 

 

In the area between the mountains and the Hungarian Great Plain, young soils without distinct profile 

development are found (Cambisols) (Figure 104). 
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On loess hills in lowland areas, one can find dark Chernozems (Figure 105), the most fertile soil of Hungary that 

supports the country‘s agricultural production. 
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Soils in river valleys that have developed on stratified sediments are called Fluvisols (Figure 106). 

 

Arenosols (Figure 107), soils that have developed on windblown sands deposited after the end of the last ice 

age, are extensive in certain parts of the country. 
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In certain situations, ground water containing soluble salts can be found close to the surface. If evaporation is 

higher than precipitation, then saltaffected soils such as Solonchaks and Solonetzs (Figure 108) can be found. 
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13. fejezet - Land degradation 

1. 

Land degradation is the reduction in the capacity of the land to provide ecosystem goods and services and assure 

its functions over a period of time for the beneficiaries of these. Land degradation affects large areas and many 

people in dryland regions. Increased population pressures and excessive human expansion into drylands during 

long wet periods leave an increasing number of people stranded there during dry periods. The transfer of critical 

production elements to other uses (e.g. dry-season grazing lands) through the introduction of irrigated and non-

irrigated cash crops, and the use of water for industrial and urban purposes at the expense of rural agricultural 

producers break links in traditional production chains in drylands. Where not compensated, such changes lead to 

the breakdown of the entire production systems. The removal of the protective cover to reduce competition for 

water and nutrients, ploughing, heavy grazing and deforestation all leave the soil highly vulnerable to wind 

erosion particularly during severe droughts. Heavy grazing around water points or during long droughts prevents 

or delays the regrowth of vegetation or favours only unpalatable shrubs.Land degradation costs an estimated 

US$40 billion annually worldwide, without taking into account hidden costs of increased fertilizer use, loss of 

biodiversity and loss of unique landscapes. The consequences of land degradation are reduced land productivity, 

socio-economic problems, including uncertainty in food security, migration, limited development and damage to 

ecosystems. Degraded land is costly to reclaim and, if severely degraded, may no longer provide a range of 

ecosystem functions and services with a loss of the goods and many other potential environmental, social, 

economic and non-material benefits that are critical for society and development. 

(http://www.fao.org/nr/land/degradation/en/) 

 

Soil degradation: Soil degradation is when soil deteriorates because of human activity and loses its quality and 

productivity. It happens when soil loses its nutrients, or its organic matter. It also happens when the soil 

structure breaks down, or if the soil becomes toxic from pollution. 

The primary cause of soil degradation is erosion, but compaction, salinization, and depletion by nutrient 

demanding crops may also cause degradation. 
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Soil degradation is which the movement of soil particles from one place to another by wind or water, is 

considered to be a major environmental problem. Erosion has been going on through most of earth's history and 

has produced river valleys and shaped hills and mountains. Such erosion is generally slow, but the action of man 

has caused a rapid increase in the rate at which soil is eroded (ie. a rate faster than natural weathering of bedrock 

can produce new soil). 

This has resulted in a loss of productive soil from crop and grazing land, as well as layers of infertile soils being 

deposited on formerly fertile crop lands; the formation of gullies; siltation of lakes and streams; and land slips. 

Man has the capacity for major destruction of our landscape and soil resources. Hopefully he also has the ability 

to prevent and overcome these problems. 

(http://wiki.answers.com/Q/What_is_soil_degradation#ixzz1Qn3TWnyf) 

 



 Land degradation  

 109  
Created by XMLmind XSL-FO Converter. 

 

Types of soil degradation: Loss of soil fertility (see lesson on nutrition) 

• Erosion 

• Salinity 

• Soil compaction 

• Soil acidification 

• Build up of dangerous chemicals 

2. Erosion 

Soil erosion, which is the movement of soil particles from one place to another by wind or water, is considered 

to be a major environmental problem. Erosion has been going on through most of earth's history and has 

produced river valleys and shaped hills and mountains. Such erosion is generally slow, but the action of man has 

caused a rapid increase in the rate at which soil is eroded (ie. a rate faster than natural weathering of bedrock can 

produce new soil). This has resulted in a loss of productive soil from crop and grazing land, as well as layers of 

infertile soils being deposited on formerly fertile crop lands; the formation of gullies; siltation of lakes and 

streams; and land slips. Man has the capacity for major destruction of our landscape and soil resources. 

Hopefully he also has the ability to prevent and overcome these problems. 

Soil is naturally removed by the action of water or wind: such 'background' (or 'geological') soil erosion has 

been occurring for some 450 million years, since the first land plants formed the first soil. Even before this, 

natural processes moved loose rock, or regolith, off the Earth's surface. 

In general, background erosion removes soil at roughly the same rate as soil is formed. But 'accelerated' soil 

erosion — loss of soil at a much faster rate than it is formed — is a far more recent problem. It is always a result 

of mankind's unwise actions, such as overgrazing or unsuitable cultivation practices. These leave the land 

unprotected and vulnerable. Then, during times of erosive rainfall or windstorms, soil may be detached, 

transported, and (possibly travelling a long distance) deposited. 
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The relationship between mean annual precipitation and wind and water erosion is shown in Figure 177 (from 

Marshall, 1973). 

Marshall, J. K. (1973) Drought, land use and soil erosion, in Lovett, J. V. (ed.) The Environmental, Economic, 

and Social Significance of Drought, Sydney, Angus and Robertson, Publishers, 55-77.). 

Curve A indicates that under natural vegetation, the peak erosion potential occurs in areas that receive about 300 

500 mm precipitation per year semi-arid environments. Under these conditions precipitation is inadequate to 

allow formation of complete canopy cover. 

 

The water and wind erosion decreases as vegetation cover increases due to increased water available for plant 

growth. Clearly, when soils are dry and plant cover is low, potential erosion is high from both wind and water 

(Figure 113). 

 

Accelerated soil erosion by water or wind may affect both agricultural areas and the natural environment, and is 

one of the most widespread of today's environmental problems. It has impacts which are both on-site (at the 

place where the soil is detached) and off-site (wherever the eroded soil ends up). 

More recently still, the use of powerful agricultural implements has, in some parts of the world, led to damaging 

amounts of soil moving downslope merely under the action of gravity: this is so-called tillage erosion. 
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The GLASOD study estimated that around 15 per cent of the Earth's ice-free land surface is afflicted by all 

forms of land degradation. Of this, accelerated soil erosion by water is responsible for about 56 per cent and 

wind erosion is responsible for about 28 per cent. This means that the area affected by water erosion is, very 

roughly, around 11 million square km., and the area affected by wind erosion is around 5.5 million square km.  

The area affected by tillage erosion is currently unknown. 

Because soil is formed slowly, it is essentially a finite resource. The severity of the global erosion problem is 

only now becoming widely appreciated. 

On-site effects of soil erosion 

The main on-site impact is the reduction in soil quality which results from the loss of the nutrient-rich upper 

layers of the soil, and the reduced water-holding capacity of many eroded soils. In affluent areas of the world, 

accelerated water erosion‘s on-site effects upon agricultural soils can be mitigated by increased use of artificial 

fertilizers; however this is not an option for much of the earth‘s population. 

Erosion‘s removal of the upper horizons of the soil results in a reduction in soil quality i.e. a diminution of the 

soil‘s suitability for agriculture or other vegetation. This is because the eroded upper horizons tend to be the 

most nutrient-rich. Also, because the finest constituents of eroded soil tends to be transported furthest, eroded 

soils become preferentially depleted of their finer fraction over time; this often reduces their water-holding 

capacity. In other words, ―Erosion removes the cream of the soil‖. Increased use of artificial fertilizers may to an 

extent, and for a time, compensate for erosion-induced loss of soil quality where economic circumstances are 

favorable. This is not usually feasible in developing countries however. Loss of soil quality is a long-term 

problem; globally, soil erosion's most serious impact may well be its threat to the long-term sustainability of 

agricultural productivity, which results from the the 'on-site' damage which it causes. 

Crops are particularly reliant on the upper horizons of the soil, which are the most vulnerable to erosion by 

water and wind. In this sense, erosion removes 'the cream of the soil'. Agricultural tillage also redistributes soil, 

resulting in thinner soils on topographically convex areas within a field. 

The damaging on-site effects of erosion, in terms of decreased agricultural yields, are well known in the 

developing countries of Africa and Asia. But even in the developed world there is cause for concern. Water 

erosion is locally severe in Australia, New Zealand, parts of the US, Southern Europe, and Eastern Europe 

(often as a result of the former large state-controlled farms). 

In erosion-prone areas of the more affluent countries, productivity may be maintained in the short to medium 

term by increased fertiliser input. The effects of erosion are thus rarely acknowledged by farmers in richer 

countries. This strategy is however infeasible with regard to erosion in developing countries. 

Off-site effects of soil erosion 

In addition to its on-site effects, the soil that is detached by accelerated water or wind erosion may be 

transported considerable distances. This gives rise to 'off-site problems'. 

Water erosion‘s main off-site effect is the movement of sediment and agricultural pollutants into watercourses. 

This can lead to the silting-up of dams, disruption of the ecosystems of lakes, and contamination of drinking 

water. In some cases, increased downstream flooding may also occur due to the reduced capacity of eroded soil 

to absorb water. 

Movement of sediment and associated agricultural pollutants into watercourses is the major off-site impact 

resulting from erosion. This leads to sedimentation in watercourses and dams, disruption of the ecosystems of 

lakes, and contamination of drinking water. Rates of erosion do not have to be high for significant quantities of 

agricultural pollutants to be transported off-site. This is a shorter-term impact than loss of soil quality; in the 

more affluent areas of the world it can be the main driver for present-day soil conservation policy initiatives. A 

more minor off-site effect can occur in situations where eroded soil has a decreased capacity to absorb water: 

increased runoff may lead to downstream flooding and local damage to property. 

Another major off-site impact results from the agricultural chemicals that often move with eroded sediment. 

These chemicals move into, and pollute, downstream watercourses and water bodies. Where inputs of 

agricultural chemicals are high - as in the more affluent nations - costs of removing such pollutants from 

drinking water can be considerable. 
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Therefore the on-site impacts of soil erosion are a present-day problem for many of the developing nations. 

Such on-site impacts will be a problem only in the long term future for developed areas: as such they are outside 

the relatively short time horizon within which their policy makers work. 

In the short term however, erosion's off-site effects can be a notable problem for developed nations. Off-site 

impacts may therefore be the major driver for policy changes in such countries. (http://soilerosion.net/) 

The geographical distribution of soil ersion risk in Europe is shown in Figure 114. 

 

Soil erosion, which is the movement of soil particles from one place to another by wind or water, is considered 

to be a major environmental problem. Erosion has been going on through most of earth's history and has 

produced river valleys and shaped hills and mountains. Such erosion is generally slow, but the action of man has 

caused a rapid increase in the rate at which soil is eroded (ie. a rate faster than natural weathering of bedrock can 

produce new soil). This has resulted in a loss of productive soil from crop and grazing land, as well as layers of 

infertile soils being deposited on formerly fertile crop lands; the formation of gullies; siltation of lakes and 

streams; and land slips. Man has the capacity for major destruction of our landscape and soil resources. 

Hopefully he also has the ability to prevent and overcome these problems. 

3. Causes of Human Erosion 

• Poor agricultural practices such as ploughing soil to poor to support cultivated plants or ploughing soil in 

areas where rainfall is insufficient to support continuous plant growth. 

• Exposing soil on slopes. 

• Removal of forest vegetation. 

• Overgrazing. 

• Altering the characteristics of streams, causing bank erosion. 

• Causing increased peak water discharges (increased erosion power) due to changes in hydrological regimes, 

by such means as altering the efficiency of channels (channel straightening); reducing evapotranspiration 
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losses as a consequence of vegetation removal; and by the production of impervious surfaces such as roads 

and footpaths, preventing infiltration into the soil and causing increased runoff into streams. 

4. Types of Erosion 

The two basic types of erosion are: 

Water erosion 

Wind erosion 

5. Water erosion 

With water erosion, soil particles are detached either by splash erosion (caused by raindrops), or by the effect of 

running water. Several types of water erosion are common in our landscapes. These are: 

• Sheet erosion where a fairly uniform layer of soil is removed over an entire surface area. This is caused by 

splash from raindrops, with the loosened soil generally transported in rills and gullies. 

• Rill erosion this occurs where water runs in very small channels over the soil surface, with the abrading effect 

of transported soil particles causing deeper incision of the channels into the surface. Losses consist mainly of 

surface soil. 

• Gully erosion This occurs when rills flow together to make larger streams. They tend to become deeper with 

successive flows of water and can become major obstacles to cultivation. Gullies only stabilize when their 

bottoms become level with their outlets. 

• Bank erosion this is caused by water cutting into the banks of streams and rivers. It can be very serious at 

times of large floods and cause major destruction to property. 
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6. Wind erosion 

The force of wind becomes strong enough to cause erosion when it reaches what is known as the 'critical level' 

and this is the point at which it can impart enough kinetic energy to cause soil particles to move. Particles first 

start rolling along the surface. Once they have rolled a short distance they often begin to bounce into the air, 
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where wind movement is faster. The effect, of gravity causes these particles to fall back down to the surface 

where they either bounce again or collide with other particles. This process is known as 'saltation'. 

Two other ways of wind borne particle movement occur. The first is 'free flight', which occurs where very small 

particles are entrained in air, which acts as a fluid, and are carried long distances. The other is called 'surface 

creep', where soil particles too large to bounce and are rolled downwind. 
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7. Control of erosion 

As erosion is caused by the effects of wind and water, then control methods are generally aimed at modifying 

these effects. Some of the most common control methods are listed below. 

• Prevention of soil detachment by the use of cover materials such as plants (ie. trees, mulches, stubbles, crops). 

• Crop production techniques (e.g. fertilizing), to promote plant growth and hence surface cover. 

• Ploughing to destroy rills and contour planting to create small dams across a field, to retard or impound water 

flow. 

• Filling small gullies with mechanical equipment or conversion into a protected or grassed waterway. 

• Terracing of slopes to reduce rates of runoff. 

• Prevention of erosion in the first place by careful selection of land use practices. 

• Conservation tillage methods. 

• Armoring of channels with rocks, tyres, concrete, timber, etc., to prevent bank erosion. 

• The use of wind breaks to modify wind action. 

• Ploughing into clod sizes too big to be eroded, or ploughing into ridges. 
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8. Salinity 

High salt levels in soils reduce the ability of plants to grow or even to survive. This is can be caused by natural 

processes, but much occurs as a consequence of human action. Salinity has been described as the 'AIDS of the 
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earth' and its influence is spreading throughout society; particularly in rural communities, where crop production 

has been seriously affected and caused economic hardship. Salinity problems have been grouped into two main 

types. 

Dry land salinity is that caused by the discharge of saline groundwater, where it intersects the surface 

topography. This often occurs at the base of hills or in depressions within the hills or mountains themselves. The 

large scale clearing of forests since European settlement has seen increased 'recharge' of aquifers (where 

groundwater gathers in the ground) due to reduced evapotranspiration back to the atmosphere. The result has 

been a rise in groundwater levels, causing greater discharges to the surface. 

Wetland salinity occurs where irrigation practices have caused a rise in watertables, ringing saline groundwater 

within reach of plant roots. This is common on lower slopes and plains and is particularly common on riverine 

plains. The wetland salinity problem is exacerbated by rises in groundwater flow due to dryland salinisation 

processes higher in the catchment. 

9. Sources of salt 

Salts are a naturally occurring by product of the weathering of bedrock and soil materials. Salts can be 

accumulated in a number of ways, which may have varying importance from area to area. These include: 

1.Capillary rise from groundwater 

2. Cyclical movement. The salt is carried in evaporating ocean water that is later precipitated in rain. 

3. Marine incursions 

At various times in the geological past, large areas of the land were under sea level. Salt deposits may be 

remnants of these incursions. 

3. In situ weathering 

The natural weathering of bedrock and soil resulting in the movement of salts through a soil profile. 

10. Control methods for salinity 

Many of the control methods for salinity are very expensive and require strong commitment by governments if 

they are to be undertaken. But it also requires regional community co operation, as such problems don't respect 

artificial boundaries. One of the major problems with salinity is that the area in which occurs may be a fair 

distance from the cause. Thus we have saline groundwater discharging on the plains as a consequence of forest 

clearing high in adjacent hills where salinity is not apparent. Many hill farmers are loathe to change their 

practices for the sake of someone far away, especially if they must suffer some economic loss as a result (eg. the 

cost of tree planting and the loss of cropping area). 

Some of the main control methods are: 

• Pumping to lower groundwater levels, with the groundwater being pumped to evaporation basins or drainage 

systems. 

• Careful irrigation practices to prevent or reduce a rise in groundwater levels. 

• 'Laser' grading to remove depressions and best utilize water on crop and grazing land. 

• Use of saline resistant plant species. 

• Revegetation of 'recharge' areas and discharge sites. 

• Engineering methods designed to remove saline water from crop land. 

• Leaching suitable soils (e.g. bowling greens, raised crop beds, etc.) 
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11. Soil acidification 

This is a problem becoming increasingly more common in cultivated soils. Soil acidification is the increase in 

the ratio of hydrogen ions in comparison to 'basic' ions within the soil. This ratio is expressed as pH, on a scale 

of 0 14 with 7 being neutral. The pH of a soil can have major effects on plant growth, as various nutrients 
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become unavailable for plant use at different pH levels (see lesson on nutrition). Most plants prefer a slightly 

acid soil, however an increase in soil acidity to the levels being found in many areas of cultivated land in 

Australia renders that land unsuitable for many crops or requires extensive amelioration to be undertaken. 

Causes of soil acidification 

Acid soils can be naturally occurring, however, a number of agricultural practices have expanded the areas of 

such soils. The main causal factor is the growth of plants that use large amounts of basic ions (e.g. legumes); 

particularly when fertilizers that leave acidic residues (such as Superphosphate) are used. Soil acidity is 

generally controlled by the addition of lime to the soil, by carefully selection of fertilizer types and sometimes 

by changing crop types. 
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12. Compaction 

Compaction of soils causes a reduction in soil pore space. This reduces the rate at which water can infiltrate and 

drain through the soil. It also reduces the available space for Oxygen in the plant root zones. For this reason, 

some of the major consequences of compaction are poor drainage, poor aeration, and hard pan surfaces which 

cause runoff. Compaction is generally caused by human use of the soil (ie. foot traffic on lawn areas or repeated 

passage of machinery in crop areas). Repeated cultivation of some soils leads to a breakdown of soil structure 

and this also increases the likelihood of compaction. Compaction can be prevented by farming practices that 

minimize cultivation and the passage of machinery. These include conservation tilling, selection of crops that 

require reduced cultivation, and use of machinery at times less likely to cause compaction (i.e. when soils aren't 
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too wet or when some protective covering vegetation may be present). For heavily compacted soils deep ripping 

may be necessary. 
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13. Chemical residues 

Although not as large a problem as some of the other types of soil degradation, the presence of chemical 

residues can be quite a problem on a local scale. These residues derive almost entirely from long term 

accumulation after repeated use of pesticides, etc., or of use of pesticides or other chemicals with long residual 

effects. Some problems that result from chemical residues include toxic effects on crop species and 

contamination of workers, livestock and adjacent streams. Control is often difficult and may involve allowing 

contaminated areas to lie fallow; leaching affected areas; trying to deactivate or neutralise the chemicals; 

removing the contaminated soil; or selecting tolerant crops. 

14. Improving damaged soils 

Before deciding how to, or even whether to improve a soil, you need to know whether a soil is good, bad or 

whatever. 

Drainage can be tested easily by observing the way in which water moves through soil which is placed in a pot 

and watered. However, when soil is disturbed by digging, its characteristics may change. Another way, to get a 

more reliable result, is to use an empty Tin Can. With both the top and bottom removed it forms a parallel sided 

tube which can be pushed into the soil to remove a relatively undisturbed sample. Leave a little room at the top 

to hold water, add some to see how it drains and then saturate the soil and add some more water to the top. You 

will often note slower drainage in saturated soil. 

Soil nutrition is (to some extent) indicated by the vigor of plants growing in a soil. 

Soil structure usually changes from the surface of the soil as you move deeper down into the earth. One reason 

for this is that surface soil usually contains more organic matter than deeper soil. Surface layers frequently drain 

better the drainage rate decreases as you get deeper. This natural change means that water moves quickly away 

from the surface of soil but slows down it's rate of flow as you get deeper. Bad cultivation procedures can 

damage this characteristic of a gradation in structure through the soil profile, by destroying the structure at the 

surface. Such a situation can be very bad!! 

By contrast, good cultivation procedures will improve soil structure and increase the depth in the profile to 

which structured soil extends. 
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The improvement of soil structure may use two approaches. First, where the soil has not been badly leached the 

addition of organic material, use of crop rotations (with Legume cover crops to fix Nitrogen) and proper (not 

excessive) cultivation. This will normally give the best long term results. However, where soils have been 

leached and have become very acid, or very alkaline, the use of soil ameliorants such as Lime and Gypsum may 

be required. These act, not only to adjust soil pH, but replace Sodium ions in the soil with others (principally 

Calcium and Magnesium). These help 'flocculate' the clay into larger particles and so produce some initial 

structure that will allow the soil to drain better and be worked as above. 

There are several ways to improve soils, and these include: 

• Adding sand to clay soils to improve drainage. 

• Adding clay or organic material to sandy soil to improve its ability to hold water. 

• Adding organic matter to a sand, while improving water holding capacity, will not affect drainage to the same 

degree as the addition of clay will. 

• Adding sand or organic matter will help break up a clay soil, making cultivation easier. Although the two will 

act in different ways. 

• Adding organic matter will usually improve the nutritional status of any soil. 

• Use of soil ameliorants Lime, Gypsum, Sulphates. 

• Crop rotations and correct cultivation. 

(http://www.acsgarden.com/articles/other-gardening/soil-degradation.aspx) 


