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Concepts of Soils  

Different groups of people consider soils in different ways:  

Geologist:  Soil is the loose materials over the rock 

Hydrologist:  They consider soil as the reservoir of water i.e. water storage body  

Mining engineer : Soil is debris covering the rocks or minerals which is worthless. 

Highway Engineer:  Soil is materials over bedrock on which a roadbed is to be placed. If its 

properties are suitable it is useful and if unsuitable it must be removed and rock and gravel put in its 

place. 

Ecologist:  Interested on those soil properties that influence the growth and distribution of different 

plant species which is a part of environment condition of organism and influenced on organism.  

Agriculturist:  It is the materials interface between atmosphere and L ithosphere formed from the 

parent materials interaction with many soil forming factors that supply nutrients to the plant and also 

gives support to them.  

For farmers:  

ü Medium for plant growth  

ü Medium on which he spend his labour in a struggle for economic security. 

ü He knows from centuries as working on it and knowledge passes from parent to children over the 

year. 

ü They love it , crushed it , sweated over it  and died for it.  

ü Source of food ,clothing and shelter 

Therefore, soil is the basic resource upon which all living things depend directly or indirectly.  

 

Å Soils as a: 
ï Medium for plant growth  

ï Weathered rock 

ï Natural body 
ï Construction material 

ï Environmental Filter 
Roles of Soil  

Å Supporting plant growth: 

ï Food production (agriculture)  
ï Recreation (golf greens) 

Å Recycling waste products: 
ï Nature 

ï Society 
Å Providing habitat for a large variety of organisms. 

Å Controlling flow of water. 
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Å Construction material. 

The Geological Cycle/ Geomorphic Cycle  

 
 
Definitions (What is soil?)  

Å Soil is ñthe unconsolidated mineral or material on the immediate surface of the earth that serves as 
a natural medium for the growth of land plants.ò 

Å Soil is ñthe unconsolidated mineral or organic matter on the surface of the earth that has been 
subjected to and influenced by genetic and environmental factors of parent material, climate 

(including water and temperature effects), macro - and  micro-organisms, and topography, all 

acting over a period of time and producing a productðsoilðthat differs from the material from 
which it is derived in many physical, chemical, biological, and morphological properties and   

characteristics.ò 
 

Ecosystems and Soils  

ÅAn ecosystem is an aggregate of   plants, animals, and microbes plus the environment in which they 
live 

Å We only deal with finite ecosystems with arbitrary boundaries 
ÅTerrestrial ecosystems are those that include soil within their boundaries. 

Å Aquatic ecosystems do not include soil 
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Biologist and edaphologist accept the dictionary definition of soil. Thus, soil is a natur al body of 

mineral and organic matter occurring on the surface of the earth that is medium for plant growth 

whose properties change or has changed in response to many physical, chemical and biological 

processes that have been and continue to be active. This is called soil genesis. 

Two approach of study soil  

Edapholological Approach  
ü Study of soil is done from the stand point of higher plants  

ü Consider various soil properties that relate plant production and productivity of soil  
ü It also considers finding the m eans of conserving and improving soil productivity 

ü Ultimate goal is production of food and fibre  
ü Land is classified for the determination of type of farming and assessment of land taxes (As in 

India, China etc.)  
 

Pedological Approach  

ü The study of different  soil types and their properties is called soil science or pedology 

ü Soil is three dimentional natural bodies having genetically related layers and horizons 
ü Nature and composition of arrangement of horizon depends on kind or combination of geologic 

materials, nature of climate, biological influences, relief, and natural drainage and the length of 
time during which soil formation took place.  

ü Study, examine and classify soil as it occurs on its natural environment. 
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 COMPOSITION OF SOILS  (Soil is Three Phase s ystem)  

Factors determine the chemical composition and physical structure of the soil at any 

given location  

¶ Different kinds of rocks, minerals, and other geologic materials from which the soil 

originally formed play a role in variation of Soils  from place to place. 

¶ The kinds of plants or other vegetation that grow in the soil are also important.  

¶ Topographyðthat is, whether the terrain is steep, flat, or some combination ðis another 

factor.  

¶ In some cases, human activity such as farming or building has caused disruption.  

¶ Soils also differ in color, texture, chemical makeup, and the kinds of plants they can 

support. 

 

Mineral  45 %                                            Air 25 %  

 

 

 

                                                    Water 25 %  

 

            

Organic matter 5 %                                  

 

Soils comprise a mixture of inorganic and organic components: minerals, air, water, and plant and 

animal material. Mineral and organic particles generally compose roughly 50 percent of a soil's 

volume. The other 50 percent consists of poresðopen areas of various shapes and sizes. Networks of 

pores hold water within the soil and also provide a means of water transport. Oxygen and other 

gases move through pore spaces in soil. Pores also serve as passageways for small animals and 

provide room for the growth of plant roots.  

Inorganic Material  

The mineral component of soil is made up of an arrangement of particles that are less than 2.0 mm 

(0.08in) in diameter. Soil scientists divide soil particles, also known as soil separates, into three main 

size groups: sand, silt, and clay. Depending upon the rock materials from which they were derived, 

these assorted mineral particles ultimately release the chemicals on which plants depend for survival, 

such as potassium, calcium, magnesium, phosphorus, sulfur, iron, and manganese. 
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Organic Material  

Organic materials constitute another essential component of soils. Some of this material comes from 

the residue of plants and animals In general; soil fertility depends o n a high content of organic 

materials. 

Even a small area of soil holds a universe of living things, ranging in size from the fairly large to the 

microscopic: Algae, protozoa, Fungi and bacteria(Micro biota); Nematode, springtails, worms, small 

arthropods (Meso- biota) and earthworms, molluscus, larger worms and arthropods (Macro biota)  

And even a gram of soil might contain as many as a billion microbesðbacteria and fungi too small to 

be seen with the naked eye.  

All these living things form a complex chain and are important in decaying of plant and animal 

residues. 

Some of them responsible for formation of ammonia from animal and vegetable proteins oxidize the 

ammonia to form nitrogen compounds called nitrites, and still other bacteria act on the nitrites to  

form nitrates.  

Some types of bacteria are able to fix, or extract nitrogen directly from the air and make it available 

in the soil. 

The decay of plant and animal material results in the formation of a dark -colored organic matter 

known as humus. Humus, unlike plant residues, is generally resistant to further decomposition . 

Water/Air  

Soil water plays important role in plant growth and soil organisms  

Volume of soil water fluctuate as soil get wet, flooded and dry  

Soil water form soil solution that help for p lant growth by supplying nutrients and water  

Soils differ in their capacity to retain moisture against the pull exerted by gravity and by plant roots. 

Coarse soils, such as those consisting of mostly of sand, tend to hold less water than do soils with 

finer textures, such as those with a greater proportion of clays.  

Soil air is also necessary for plant growth. Critical oxygen level for plant root growth is 10 %. 

Insufficient oxygen around root area cause dying of roots and finally lost of whole plant.  

Main gases of soil air Nitrogen 79-80% , CO2+O2 is 20-21%. Under extreame condition O2 level 

drops to 10-12% as compared to 20% in atmosphere but CO2 concentration is very high  
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Physical Properties of soil 

Physical properties are properties one can describe with physical measurements such as length, 
mass, and temperature. 
These properties are texture, structure, bulk density, porosity, aeration (porosity), color, temperature, 
consistency and water content. 
Texture: 

The soil particle size groups called soil separates are sand, silts and clays. 
The relative proportion of soil separates in a particular soil determines its particular texture. 
Importance of texture 

¶ Soil texture determine  
ü Water intake (Absorption) 
ü Ease of tilling the soil 
ü Amount of aeration (Vital for plant growth) 
ü Drainage system of soil  

¶ Influence soil fertility (Retention of nutrients) 

¶ Influence soil temperature 
Textural Classification 

¶ Texture are classified based on size limit of the sand, silt and clay fraction 

¶ Extent of subdivision and class limit differ from the country to country 

¶ Major systems in use today are: 
ü USDA (Adopted by soil survey staff of USDA) 
ü British Standard Institution 
ü International society of soil science 

USDA 

Clay Silt Fine sand Medium 
sand 

Coarse 
sand 

Very 
coarse 
sand 

Gravel 

            0.002         0.05           0.1             0.5            1                2 (mm) 
British Standard Institution 

Clay Silt Fine sand Medium 
sand 

Coarse sand Stone 

             0.002          0.06                0.2             0.6                       2 (mm) 
International society of soil science 

Clay Silt Fine sand Coarse sand Gravel 

   0.002          0.02      0.2                2 (mm) 
Coarse Fragments 
Gravels  2-75 mm  (2 mm to 3inch) 
Cobbles  75-254 mm (3-10 inch) 
Stones  >254 mm (Over 10 inch) 
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Soil Textural Class 
 
× Textural names are to soil based upon relative proportion of each of three soil separates ï sand, 

silt, clay 
× Soils that are preponderantly clay are called clay(texture class),and those of high content of silt 

are silts(texture class) and those with high sand are called sand (textural class) 
× A soil does not exhibit the dominant physical properties of any of these three groups is called 

loam 
× To group the unlimited soil textures possible , all soils are placed into one of the 12 textural 

classes as given in textural triangle  
 

 
 
 
× The textural triangle is used to determine soil textural name after percentage of sand, silt and 

clay are determined from laboratory analysis. 
Sandy soil group 
ü Soil consist >70% sand and < 15% clay comes under this group. 
ü Sand  and loamy sand  Sandy Loam belongs to this group 

Sandy Soils

(coarse textured)

Sand
Loamy

Sand

Sandy Loam

20

10

70 50

 
ü Good for crops such as potato, watermelon, cucumber and groundnut  
ü Soil of this group characterize by low WHC, ease of till, and need good management practice 

Clay Soil group 
ü Soil generally having >35% clay (Most of the cases >40%) 
ü Clay, Sandy Clay, silty clay, and clay loam are belongs to this group 
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Clayey Soil

(fine textured)

Clay

Clay Loam
Silty Clay

Loam

Silty

Clay

40

60

55

Sandy

Clay

 
ü These soils characterize by high WHC, difficult to till, and fertile etc. 
ü Rice, sugarcane and jute are grown successfully on this soil 
ü Management require more organic source of manure 

Loam soil 
ü This is the largest group of soil 
ü Loam soil has 40%sand, 40% silt and 20% clay 
ü Sandy clay loam, loam, silty clay loam, silt loam and  silt are belongs to this group 

Loamy/Silty

Soils

(medium textured)

Silt

Sandy Clay 

Loam

Silt Loam
Loam

Silty Clay

Loam

60

75

90

35

20

70 50 20

 
ü Loam is the best soil and characterize by good WHC, good air, easy to till etc 
ü All kind of crops can be grown on this soil. 

Determination of Textural Class  

Soil texture can be estimated by the feel method (field method) and precisely determined in the 
laboratory by a mechanical analysis.  
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Feel method (field method) 
The proportion of sand, silt and clay are estimated according to following qualitative criteria: 
Coarse sand grain: Large enough to separate by sight and feel 
Fine sand grain: Less obvious but if exceed 10% in sample, then can be detected by feel 
Silt grain : It can not detected by feel but their presence makes soil feel smooth and soapy and only 
very slightly sticky 
Clay : Sticky 
High OM tends to reduce the stickiness of clayey soil and make sandy soils feel more silty 
 
Mechanical analysis(Laboratory analysis) 

ü Mechanical analysis may be by the hydrometer or pipette method. In either case, a mechanical 
analysis is based on Stokes' law for the settling of spherical particles in a viscous fluid 

 

v = g (Ds - Dl) d2/18ç  

Which shows that velocity, v, of particle settling is proportional to the square of the particle diameter, 
d, where g is acceleration due to gravity, ç is viscosity of the liquid medium, and Ds and Dl are 
the densities of the particle and liquid, respectively. So that if v is expressed in terms of distance 
per time,  

t = 18çz/[g(Ds - Dl)d2]  

One can determine the time, t, required for particles of diameter d to settle distance z.  

ü In the pipette method, therefore, a known mass of soil is suspended in known volume of solution 
and an aliquot above depth z removed after prescribed times. These aliquots contain only particles 
of diameter less than d. For a settling depth of 10 cm,  

ü  

Separate  Size   Time to Settle  

Sand   d > 0.05 mm  < 1 minute  

Silt   d >.002mm  8 hours  

ü Since adsorbed cations such as Al3+, Ca2+, and H+ tend to flocculate small soil particles, these 
must be displaced by addition of an excess of Na+ which tends to disperse aggregates into discrete 
particles.  

ü Soil texture may be considered a permanent property of a soil since it is only slowly altered over 
long periods of time by erosion, deposition, eluviation / illuviation, and weathering.  

http://www.singhranendra.com.np/


Soil Science BSc 2nd Yr 2nd Sem 

| Downloaded Form www.singhranendra.com.np | 

Soil Structure 

Structure refers to the grouping of soil particles into secondary bodies called aggregates or peds.  

Peds: Natural aggregates of primary and secondary particles  

Clods: A clod is formed due to plowing or digging that molds the soil transient(short-lived)mass 

Structural properties of soil 

Soil structural units are distinguish into types, class and grade on the basis of shape, size and 
strength of cohesion together or degree of distinctness respectively 
Structure types 
Based on shape of peds they are as follows 

ü Spherical :Crumb (high porosity) and Granular (low porosity)  

Common at surface in soils with high organic matter.  

ü Platy : Occurs in surface and subsurface horizons. 

ü Prism like: Columnar (tops rounded) and  Prismatic (tops angular)  

Subsurface 

ü Blocky:  Angular (edges distinct)  and Subangular (edges rounded)  

   Subsurface  

 
Class of structure 
Types of soil structure breaks into 5 class: very fine or very thin, fine or thin, medium, coarse or thick 
or very coarse or thick 
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TABLE SIZE CLASSES OF SOIL STRUCTURAL UNITS. THIN AND THICK, RATHER THAN FINE 
AND COARSE, ARE USED FOR 
PLATY STRUCTURES. 
 

SIZE CLASS       PLATY     COLUMNAR/ 
PRISMATIC 

    BLOCKY GRANULAR   

very fine (thin) <1 mm <10 mm <5 mm <1 mm 

fine (thin) 1 ï 2 mm 10 ï 20 mm 5 ï10 mm 1 ï 2 mm 

medium 2 ï 5 mm 20 ï 50 mm 10 ï 20 mm 2 ï 5 mm 

coarse (thick) 5 ï10 mm 50 ï100 mm 20 ï50 mm 5 ï10 mm 

very coarse (thick) >10 mm >100 mm >50 mm >10 mm 

 
Grade of structure 
Structure less: Soils have no noticeable peds 

(a) Single grain: Particles are not attached to each other eg Non-coherent sand 
(b) Massive : Cohesive mass may occur in loams or clay soil 

Structured : Three structural grades 
(a) Weak : Peds are barely distinguishable in moist soil. Only few distinct peds can be separated 

from the soil mass. Further very weak and moderate weak 
(b)  Moderate : Peds are visible in undisturbed soil in place, many can be handled without breaking.  
    When disturb, it breaks into small broken peds 
(c)  Strong : Most of soil mass visible as peds, most of which can be handled with ease without their 

breaking. 

Genesis of Soil Structure 

¶ In the surface soil is related to the shrink-swell behavior of certain clays and the adhesive effect 
of organic materials from roots and soil microorganisms.  

¶ As mass of soil swells (wet or freeze) and then shrink (dries or thaws) line of weakness (cracks) 
are formed. Soil mass between cracks cemented by organic substances, iron oxides, 
salt(carbonates) & silica remains cohesive 

¶ Creaking is necessary  

¶ The translocation of silicate clays, oxides and salts affects structure development in the 
subsurface soil. 

¶  Early stage prismatic structure develop by vertical swelling and shrinkage- creak not necessary 

¶ Later stage in clayey soil ,creaking horizontally will form blocky peds 

¶ Platy structure requires forces to separate horizontal soil layer- frost heaving ( push/pull), water 
table fluctuating, compaction(heavy equipment, animal), thin layering of different alluvium or 
lacustrive material form plate. 

¶ Granular and crumb peds are mineral aggregatesò glueò together mostly by organic substances, 
mixing by rodents, earthworm, frost action, cultivation leading to all sides rounded and peds are 
small in size 

 
                       Flocculation                 Compressive.force                      Cementation    
                            Dispersion                           Disruptive force                      Decomposition                                                                                      
 
 
 

 

Complicated process where many forming and destructing factors of soil structure acting at the same time. 

Flocculation 

¶ For formation necessary for primary soil particles to held together and not disperse in water 

Particles Floccules Unstable 

aggregate

s 

Stable 

aggregate

s 
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¶ First step in soil structure formation is flocculation which is compressed by physical forces : 
drying, freezing and thawing, expanding plant roots (Intimate contact with each other) ï may 
provide unstable soil aggregates 

¶ This aggregates bound together with  binding agents(OM,& hydrous oxide, carbonates ,clay etc.) 
ï stable soil aggregates. 

Compressive 

¶ Granulation 

¶ Bring to intimate contact  

¶ Wetting and drying/swelling and shrinkage lead to unequal stress and strain- breaking to fine soil 
aggregates(unstable). 

¶ Cold  climate:- snow deposition and its melting ï soil broken into small aggregates(unstable) 

¶ Unstable aggregates ï stabilizes by coating of OM, inorganic binders(hydrous oxide, carbonates, 
clays etc) 

¶ Mechanical action of plant roots ï small aggregates- OM addition and microbial activity produce 
organic substances ï stabilize aggregates 

Cementing agents 

¶ Help to stabilize the aggregates 

¶ They are colloidal materials: clay minerals, organic colloids, adsorbed cations, hydrous oxides 
and carbonates & binding materials excreted by soil organisms 

¶ Stability is important in farming and preserving  good structural relation in soil. 

¶ Organic colloids create good condition in the formation of large size water stable aggregates 

¶ Filamentous growth of fungi and gelatinous by-product  of bacteria and other microorganism has 
temporary and permanent binding effects. 

¶ Excreta of earthworms and burrowing activities of insects cause change in soil structure 

¶ Mucus secretes by worms which bind the walls of the soil particles ï promoting structural stability 
.  

High level of microbial activities therefore, needed inorder to faster structural stability .  

 

Disruptive forces 

I .Application of energy 

(a) Rain drop impact: Large drop ï disintegrate soil aggregates small aggregates-soil particles- seal surface 

ï decrease infiltration- bad for gas exchange between soil and atmosphere. 

(b) Running water: Detach soil particles by cutting and scouring action 

(c) Blowing wind: Erosion by wind in dry area 

Cumulative detaching effects  of particles removed, accelerated and returned to the surface of wind 

(d) Tillage: Breaking of structure for seed bed preparation and germination 

(e) Livestock, human and vehicular traffic:  

¶ Farm equipment weight, animal hooves, and human walking break down the soil aggregates and 

compacted the soil. 

¶ Repeated passage - compact soil- undesirable structure ï Tendency of having platy structure 

¶ Under field condition compacted due to heavy equipment- lowered infiltration 

¶ Compacted soil measured by penetrometer. 

(f)Expansion on wetting: Breakdown of aggregates when wet 

   Magnitude depends on initial water content and the rate of wetting 

(g) Explosion from air entrapment from wetting: If dry aggregates wet, water enters from all    sides  and 

enclosed air within the aggregates. If strength of aggregates low the compressed air breaks in many 

pieces. 
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II. Decomposition of cements 

¶ Most of the cementing materials dissolves in water if soil gets wet- lead to decomposition cementing 

materials- unstable structure condition 

¶ Decreasing OM, clay content chemically predisposed  to dispersion and tendency of rapid breakdown 

of soil structure 

¶ Human activity 

¶ Burning of organic materials 

¶ Cultivation when soil is too wet(may puddle) or too dry(may shatter). Natural aggregates destroy under 

both condition 

¶ Untimely and poor cultural practices 

¶ Soil erosion 

¶ Excessive irrigation and similar many activities may lead to destruction of cementing materials in soil 

and create undesirable structural condition for plant growth 

Relation of soil structure and other soil properties  

1. The amount of pore-space : Important for retention of moisture and also drainage(structural pores and 

textural pores) 

2. Water holding capacity 

3. The drainage of surplus water 

4. The availability of plant nutrients: All fertile soil may not be productive. Productive soil must be fertile 

physically, chemically and biologically. All nutrient in the proper concentration- chemically fertile, 

good aeration and water retention ability-physically fertile 

5. The growth of microorganisms 

6. The erodibility of soil : size distribution and water stability of aggregation determines transmission 

status of soil. 

 
 
Soil Air 
A well aerated soil is one in which gases are available to growing aerobic organism (higher plants) in 
sufficient quantities and in the proportion to encourage optimum rates of the essential metabolic 
process of these organisms. 

¶ It is not continuous, located in soil pores separated by soil solids 

¶ Composition vary from place to place which is determined by reaction in local pocket 

¶ Soil air has higher moisture content compare to atmosphere and RH approaching to 100 % at 
optimum moisture content 

¶ Major gases in earth atmosphere on volume basis are 79% Nitrogen, 21% Oxygen and 0.03% 
carbon dioxide  

¶ The composition of soil air deviate due to respiration and composition is nitrogen 79.10%, Oxygen 
20.65% and carbon dioxide 0.25% but vary with different soil as follows 

Soil and land use Usual composition 
(% by volume) 

O2 CO2 

Arable land fallow 20.7 0.1 

Unmanured 20.4 0.2 

Manured 20.3 0.4 

Sandy soil manured and cropped with potato 20.3 0.6 

Pastured land 18-20 0.5-1.5 

 

¶ Exchange of O2 and CO2 between atmosphere and soil air tends to establish an equilibrium that 
depends the soil respiration rate 

¶ Arable condition 1 mol of CO2 released for each mole of O2 consumed and respiratory quotient is 1 
RQ = Volume of CO2 released/ volume of O2 consumed  

¶ Respiration rate depends on: 
o Soil condition,OM content,O2 supply& moisture 
o Cultivation and cropping practices 
o Environmental factors-principally temperature where, R=RoQ

T/10
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Where, R/Ro respiration rate at temperature T and 0 and Q is the magnitude of the increase in R 
for a 10 

o
C rise in temperature called Q-10 factor 

 
 
Mechanism of gas exchange 
Buffering is achieved by dynamic gas exchange as O2 travels from atmosphere to soil and CO2 
moves in the reverse direction and process called soil aeration 
3 transport process involved in soil aeration 

¶ Dissolved O2 is carried  in to soil by percolating rain water 

¶ Mass flow of gases due to pressure changes created by wind turbulence over the surface 

¶ Diffusion of gases molecules through soil pore spaces 
 
Both mass flow and diffusion mechanism take place in response to pressure gradient i.e. gas 
molecules moves from high concentration to low concentration 

¶ Mass flow occurs due to total pressure gradient but diffusion is occurs due to partial pressure 
gradient of individual gas mixture 

¶ Since mass flow depends on soil and air  temperature, barometric pressure, and wind movement, it 
is less important than diffusion 

¶ Roots separated by water film therefore, oxygen supply to roots and removal of CO2 produced 
during respiration involves both  transfer of gases through the water and air 

¶ Oxygen diffuses 10000 time faster through the air than through water 

¶ Oxygen dissolve in soil solution and diffuses to respiration sites , CO2 diffuses in opposite direction 
Importance of Soil air 

Plant root activity:  

¶ Anaerobic condition for a day severely effect the metabolism and growth of sensitive plants 

¶ Cell wall becomes leaky and ion and water uptake is impaired 

¶ Characterized by : wilting, yellowing of leaves, adventitious root at the base of the stem 

¶ Stimulation of the production of endogenous ethylene(C2H2) may cause abnormal growth 
Soil microbial activity 

¶ It determine the balance between aerobic and anaerobic metabolism that has profound effect on 
energy available for microbial growth and the type of end product 

¶ Aerobic nutrients are more beneficial to soil and plant. Heterotrophy produce more biomass,CO2 
and water and unlock the essential nutrients from organic carbonation 

¶ Auto trophs : nitrifying and sulphur oxidizing bacteria produce nitrate and sulphate 

¶ Some bacteria produce growth regulator: gibberalic acid, indol acetic acid 

¶ Anaerobic organisms are only 10% of total soil population and under this condition less metabolic 
energy is generated that cause slower cell growth 

¶ Aerobic nitrification(N ï NO3) and chemoautotroph bacteria involved in this process 
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Effect on nutrients 

¶ Well aerated soil iron & manganese exist in insoluble form and may lead to deficiencies (high pH 
soil). After rain or irrigation Fe and Mn can be reduced (Fe3+ to Fe2+,Mn4+ to Mn2+) into more 
soluble form and become toxic. 

¶ Under anaerobic condition most of the nutrients are chemically soluble and available to plants 
uptake but plants can not utilize these nutrients because of their physiological reaction.  

 
Soil Temperature 

¶ It is important soil properties where optimum moisture & temperature constitute favorable soil 
climatic environment serving the ideal soil-plant-root relationship. 

¶ Soil temperature measure the heat energy contents in soil that inturn controls the oxidation-
reduction potential in soil microenvironment i.e. speeding up chemical reaction and biological 
activities leading to the formation of different kinds of soil. 

¶ T controls the rate of decomposition of biomass, humification process, degree of aggregation, 
nutrient and moisture availability and plant growth. 

¶ Soil T as low as 0-5 
o
C, no microbial respiration, no seed germination, no root growth of most of the 

plants. 

¶ Soil horizonal as cold as 5
o
C, it is thermal pan to root growth or seed germination of almost all 

plants. 

¶ Chemical reaction and biological decomposition only starts after temperature rises to above 7
o
C 

Heat input 

¶ Major source is solar radiation. Intensity of solar radiation is determined by latitudes, season, time 
of day light hour, cloud cover, wind speed within 2 m. belt of atmosphere above the ground surface, 
weather, slope aspects, soil colour and vegetative cover. 

¶ Minor source :- exothermic oxidation processes, root respiration. 

¶ Incoming solar radiation is absorbed before it is changed to heat energy. Rate of absorption is 
hindered by aspects and steepness, dark coloured surface materials(vertisols) absorb more 
radiation, vegetation cover 

¶ Heat absorbs during day light hours is usually lost during night hours all the time depending on heat 
releasing capacity of soil or rock system 
o Black basalt release heat slowly after midnight while sand stone  or any other light coloured 

rock system in the area releases the faster in early hours of the night. 
o Heat may be lost through evapotransipiration depending on water content in soil, season, 

time of the day, slope (surface configuration), aspects and vegetation cover state. 
Relationship of soil and air temperature 

¶ Soil T resulting from solar radiation change with soil depth and with time of the day. 

¶ Cool night, the deep soil layer does not cool as fast as surface layer because of insulating effect of 
overlaying soil. 

¶ Deeper the soil layer, the longer it takes a temperature change to reach it and thus less will be the 
actual temperature fluctuation from day to day or week to week. 

¶ Soil deeper than 30-40 cm seldom affect with daily temperature fluctuation 

¶ The mean summer and mean winter temperature at 1 m deep seldom differ by more than 5
o
C in 

subtropics but difference increases several degrees in temperate. 
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 Seasonal fluctuation of solar flux on a horizontal surface out side of the atmosphere 

 

 
Diurnal soil temperature changes in Cairo, Egypt ( Frorn F itzpatrick1, 986) 

Factors that influence soil temperature 
 
Soil temperature is important to gardeners, especially when it comes to spring planting.Many 
seeds need a certain minimum temperature before they will germinate. 
a) Factors influencing soil temperature 
i. Local climate: Soil temperature is highly correlated to air temperature 
ii. Slope steepness and aspect: In the Northern Hemisphere, north-facing aspects tend to be cooler 

than south-facing aspects. The effect is more pronounced with steeper slopes and lower relative 
humidity. 

iii. Topography: Topography influences microclimates. For example, cool air flows down from 
mountaintops along drainages and settles in low parts of valleys. Soil and air temperature in 
these drainages and low areas may be lower than the elevated areas adjacent to them. This is 
readily apparent in the ñcitrus beltò in the San Joaquin Valley. 

iv. Cover: Plants shade the soil, reducing the temperature. In addition, growing plants cool the 
temperature through transpiration. 
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v. Soil color: Darker-colored soils absorb heat more readily than lighted colored soils 
vi. Horticultural practices: Mulching reduces heat by reducing insolationðthe absorption of heat 
when itôs sunny and can also act as an insulator ðholding in heat in extremely cold weather 

b) Soil temperature influences on soil properties 
i. Biological activity: Lower temperature = lower biological activity. Below      about 40°F there is 

little biological activity. 
ii. Organic matter accumulation: Lower temperature = higher organic matter 
  accumulation. 
iii. Weathering of parent materials: Fluctuating temperatures help break down   mineral grains. 

Warmer temperatures increase chemical weathering. 
iv. Nutrient availability: Many nutrients are unavailable or poorly available at  low temperatures, 

especially phosphorus. (This is primarily related to biological activity.) 
Concept of soil water 

Soil moisture content 

Definition: Refers to proportion of water contained in or able to be retained by a given volume of soil 

material. A cultivated loam soil in good physical condition for plant growth is comprised of approximately half 

solids and half and half pore spaces. The pore spaces occupied with half air and half water; half of water may be 

available to plants and the other half unavailable (source: Wayne Keese). 

  
 

Water retension 

¶ The different strengths at which water is retained by a soil may be measured by applying pressure or suction 

forces at different levels of intensity inorder to pull water out of the soil. 

¶ The % of water pulled out at different level of forces , expressed in terms of dry soil weight, is measured of 

soil water retension. 

¶ Units used: 1 bar = 10
5
Pa 

1atmosphere =10
5 
Pa *1.013= 1 bar(almost) 

1 atm =760 mmHg  

1000 bars (air dry soil) =760 m Hg column 

Concept 

Soil serves as water reservoir. Too much water added then water runs off over the surface or into deeper layers. 

Water is held in soil because of attraction between unlike charges ï a positive charged ino(H ) attracted to a 

negatively charged ion. 

                                                                             ñ+ò        Hydrogen 

 

 

                                           ñ-ñ                                    Positive side of the molecule 

Negative side of Molecule 

                                                                                 ñ+ò           

   

 

Oxygen 
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¶ Hydrogen of water bond strongly to these surface oxygen atom by adhesive bonding (attraction of unlike 

molecules) 

¶ The hydrogen of water are also attracted  to oxygen of other water molecules which is already adsorbed to 

soil particles. The attraction of like molecules for each other is cohesive bonding .Such bonding between two 

molecules through single hydrogen atom is called hydrogen bonding. 

¶ When fatty or oily substances , low in oxygen coat the soil particles and water is not attracted to and held to 

the coated surface . Such soil is called water  repellent soil 

¶ Strong combined adhesion and cohesion forces cause water films of considerable thickness to be held on the 

surface of soil particles. 

¶ Since attraction of water depend on the surfaces, more surfaces (Clay,OM) of soil has the grater is the amount 

of soil water. 

¶ Earlier concept of pressure i.e. pressure required to forced the water off soil and was measured in 

atmospheres of presence needed to remove water. The opposite of pressure ï moisture suction or tension has 

also been used and measured as atmospheres of suction or tension. 

¶ Now a days soil water potentials used and it is defined as " the work the water can do when it moves from 

its present state to a pool of water in the defined reference state".  Work refers to energy term. The two 

forms of energy (energyðthe ability to do work) influencing water flow in soil are: potential and kinetic. Soil 

water velocities are slow, thus the kinetic energy (KE--the energy which matter has by virtue of its motion: 

KE = 1/2 mv2, KE " v2) is generally considered to be negligible. Thus, the potential energy is the primary 

energy source determining the state and movement of water in a porous system (soil). The potential energy is 

determined by the water position and/or internal condition. There is a spontaneous and universal tendency for 

all matter to achieve a state of low potential energy. Accordingly, soil water flows (from high to low) in the 

direction of decreasing potential energy. 

¶ Adsorbed water is less free to move than water in the pool(water potential is 0). Therefore, soil water has less 

free energy(less ability to do work than does water in pool). A negative sign indicates the free energy value 

less than zero i.e. more negative value , more tightly water is held. 

 
 

Soil water potential is a combination of effects of the surface area of soil particles and small soil pore that 

adsorb water (matrix potential), the effects of dissolved substance(solute/Osmotic potential) or atmospheric or 

gas pressure effects(Pressure potential). 

In soils, the water is acted upon by many force fields, thus the water potential, w, is a summation of these 

force fields: 

w  = m+ p + s 

Where, w, water, m, matric; p, pressure; and s, solute/osmotic  

In non-salty well drained soil, the matrix potential is almost equal to the water potential. Because most 

productive soils do not have depth of water. An additional effect of the position of the water compare to the 

reference state is called gravitational potential(g).  g is not related to soil properties, only to water's 

elevation in comparison to a reference position. 

t = g + w   

Where, t, total; g, gravity;  

Productive soils do not have depth of standing water on them for long time period and have few salts, therefore, 

t = w = m for most soils. Most situation matric potential is the dominant portion(95%) of total water 

potential. 

Rain and irrigation water moves into or through the saturated soil by gravity flow, often very rapidly. When soil 

is not saturated, water movement in all direction will be slower because forces holding the water.  
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Generally, soil pores are classified into three categories with respect to water storage. They are transmission 

pores (>50 µm in diameter) that coduct water rapidly through the soil; storage pores (diameter 0.5 to 50 µm) 

that retain water against gravity and residual pores(< 0.5 µm) that remain filled with water even soil appears to 

be dry. 

Soil water classification 

The most useful classification 

On the basis of energy requirements for water movement , the following types of soil water has been recognized 

which is shown in following figure. 

     

                            

 
Figure: Different types of soil water potential(From Miller and Donahue) 

1.Flooded condition: water potential is ( )= 0 bar; Water on the surface of the soil. 

2.Gravitational water :  Water held at potential 0 to -1/3 bar(-33 kPa) i.e. saturation to field capacity. This 

portion of soil water drain freely from the soil by the force of gravity. It is normally evacuated 48 hours after 

a rain fall or irrigation. 

3. Field capacity:  Percentage of water that is held with water potential less than -1/3 bars(< -33kPa) and it kis 

the greatest amount of water that a soil can hold or store under a condition of complete wetting followed by 

free drainage. 

4. Plant available water: Percentage of soil water held with water potential between -1/3(-33kPa) to -15 bars(-

1500kPa). This portion of soil water can be fast absorbed fast enough by plant roots to sustain life. Crop plant 

wilt if only -15 bars water is present because the water loss through transpiration is faster and greater than 

that amount absorbed by the roots at these low moisture potential. It is essentially related to microporosity 

and depleated by physical evaporation and plant transpiration. 

5. The wilting point:  Percentage of water held with water potential less than -15bars(<-1500kPa).Once the 

plant wilt it can not recover even in presence of water. 

6. Hygroscopic water: water bounded tightly by soil solids at water potential less than -31 bars(<-3100Kpa).It 

is essentially non-liquid and moves primarily in the vapor form. 

7. Capillary water:  It is the water that moves through the soil pores because of water potential gradient which 

is the difference in total water potential between two locations in the soil. 

8. Unavailable water: Hygroscopic water mostly adhered to clay particles at forces of -15 bars (1500kPa)  to 

1000 bars (-100 MPa) (wilting point  to air dry condition). 

- Water of constitution = part of clay structure ( -1000(100MPa) to -10000 bars (-1000 MPa) 

Factors affecting FC and water holding capacity of a soil 

Field capacity must be measured in field. Applying the concept of FC, maximum WHC is measured in 

laboratory. FC value may differ from mWHC because bulk density of soil may be altered and field drainage 

condition may be different from the free drainage condition used in maximum water holding capacity 

measurement. Both FC and mWHC are influenced by bulk density,soil texture, and OM content.  

 

The soil water characteristic curves for three soils are depicted below.  For a given water potential, the finer 

the soil texture the more water held in the soil. Coarse texture soils like sand consists mostly of large pores 

which empty of water when a relatively small force is applied. Fine texture soils have a broader pore size 
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distribution and larger particle surface area. Consequently, a larger change in water potential is required to 

remove the same amount of water. Greater surface area means more water is adsorbed via electrostatic forces. 

 
 

Interpretati on 

 Soil moisture content is fundamental for soil formation, soil erosion, and plant growth. 

   

 

 Gravitational Water:  

o Deep percolation to ground water   rivers 

o Subsurface flow  tunnel erosion 

           piping (in dispersible clays) 

 Available water: 

o Plant growth 

o Mass wasting 

o Depth of wetting  weathering front 

              illuviation front 

Flood    runoff       erosion by water evacuation 
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Soil moisture regime 

Based on number of days during which soils are dry at given depth, variable according to texture 

Texture (dominant )  Soil moisture control section(approximate) 

Clayey/Silty/Fine loamy  between 10-30 cm of soil depth 

Coarse loamy   between 20-60 cm of soil depth 

Sandy      " 30-90 cm   " 

Principal classes 

Aquic: saturated with water at a given                                   - wet condition, 

                       moment of the year                                              low position 

Udic : dry< 90 cummulative days (c.d.)                      -Moist climate 

Ustic: 90< dry< 180 c.d              - seasonal climate 

Aridic/Torric(=Xeric dry): dry > 180 dyas           - dry climate 

 

Soil Porosity 
Porosity is defined as % of pore space in an given volume of soil i.e.  

Porosity(%) = 100- % of volume occupied by the soil solids 

Many important soil processes take place in soil pores (the air or water-fil led spaces between particles). Soil 

texture and structure influence porosity by determining the size, number and interconnection of pores. Coarse-

textured soils have many large (macro- coarse>200µm, medium pores200 µm to 20 µm,) pores because of the 

loose arrangement of larger particles with one another. Fine-textured soils are more tightly arranged and have 

more small (micro-fine pores 20 -2µm and very fine pores <2µm)  pores (Figure). Macropores) in fine-textured 

soils exist between aggregates. Because fine-textured soils have both macro- and micropores, they generally 

have a greater total porosity, or sum of all pores, than coarse-textured soils.  

 

 
            Figure: Generalized porosity in sandy and clayey soils 
 

Unlike texture, porosity and structure are not constant and can be altered by management, water and chemical 

processes. Long-term cultivation tends to lower total porosity because of a decrease in SOM and large peds 

(Brady and Weil, 2002). Surface crusting and compaction decrease porosity and inhibit water entry into the soil, 

possibly increasing surface runoff and erosion (SW 3 and 4). Calcareous and salt-affected soils can also alter 

porosity and structure (discussed later). In general, increasing SOM levels, reducing the extent of soil 

disturbance, and minimizing compaction and erosion will increase soil porosity and improve structure.  

Soil Density 
Density: Ratio between the volume mass of a body and the volume mass of water at 4oC 

Particle Density :  

PD = mass soil solids / volume of soil solids  

Units are g cm-3  

Depends on the mineralogical composition of soil but typically varies little (2.60 to 2.75 g cm-3 ) because the 

range in density of common soil minerals is narrow. When particle density is unknown, an average is 2.65 g 

cm-3 is assumed. The particle density of organic matter is lower (0.9 to 1.3 g cm-3).  

Bulk Density  

BD = mass soil solids (oven dry) / total volume occupied by solids  
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Therefore, BD < PD. Methods for determining BD include removing a core of known volume or measuring the 

volume of a small excavation. In either case, the mass of solids is determined by weighing after soil water is 

evaporated (105 oC).  

 Bulk density varies with texture, depth and management. From the standpoint of plant growth, high BD is 

not good because it restricts water flow and root penetration.  

 Higher in coarse textured soils because clay soils are generally aggregated. Therefore, clay soils exhibit not 

only macropores between aggregates but also micropores within aggregates.  

 Higher lower in the profile than at surface due to lower organic matter and greater compaction.  

 Higher in cultivated soils because cropping tends to lower organic matter and decrease aggregation.  

Soil Color  

Used to distinguish adjacent horizons, in soil classification and as an indicator of internal water drainage. Color 

is measured in reference to a standard set of color chips (Munsell Color Book). There are three color 

parameters:  

Hue:  Dominant spectral color  

Value:  Relative blackness or whiteness  

Chroma:  Amount of pigment mixed with gray value  

Typical interpretation of soil color  

Brown / black:   Organic matter  

Red:  Hematite, good drainage and aeration  

Yellow:  Goethite, moderate drainage and aeration  

Gray:   Fe
2+ 

, poor drainage and aeration  

Green / blue:  Gley,  extremely poor  

White:   Calcium carbonate, CaCO
3 
 

Mottling:   Varied colors of peds  

No mottles:  Good drainage and aeration  

Yellow / gray:  Moderate  

Gray / bluish:  Very poor  

 

 

Factors Affecting Soil Development  

Soil research has shown that soil profiles are influenced by five separate, yet interacting, factors: 

parent material, climate, topography, organisms, and time.  Soil scientists call these the 
factors of soil formation . These factors give soil profiles their distinctive character. 

Parent Material  

Soil parent material  is the material that soil develops from, 
and may be rock that has decomposed in place, or material 

that has been deposited by wind, water, or ice. The 
character and chemical composition of the parent material 

plays an important role in determining soil properties, 

especially during the early stages of development. 

 

Figure 1:  Stabilized dunes are a form of Eolian (wind 
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deposited) parent material   

Soils developed on parent material that is coarse grained and composed of minerals resistant to 

weathering are likely to exhibit coarse grain texture. Fine grain soil develop where the parent 
material is composed of unstable minerals that readily weather.  

Parent material composition has a direct impact on soil chemistry and fertility. Parent materials rich in 
soluble ions-calcium, magnesium, potassium, and sodium, are easily dissolved in water and made 

available to plants. Limestone and basaltic lava both have a high content of soluble bases and 
produce fertile soil in humid climates. If parent materials are low in soluble ions, water moving 

through the soil removes the bases and substitutes them with hydrogen ions making the soil acidic 

and unsuitable for agriculture. Soils developed over sandstone are low in soluble bases and coarse in 
texture which facilitates leaching. Parent material influence on soil properties tends to decrease with 

time as it is altered and climate becomes more important.  

Climate  

Soils tend to show a strong geographical correlation with climate, especially at the global scale. 
Energy and precipitation strongly influence physical and chemical reactions on parent material. 
Climate also determines vegetation cover which in turn influences soil development. Precipitation also 

affects horizon development factors like the translocation of dissolved ions through the soil. As time 

passes, climate tends to be a prime influence on soil properties while the influence of parent material 
is less. 

Climate, vegetation, and weathering  

Climate affects both vegetative production and the activity of organisms. Hot, dry desert regions have 
sparse vegetation and hence limited organic material available for the soil. The lack of precipitation 

inhibits chemical weathering leading to coarse textured soil in arid regions. Bacterial activity is limited 
by the cold temperatures in the tundra causing organic matter to build up. In the warm and wet 

tropics, bacterial activity proceeds at a rapid rate, thoroughly decomposing leaf litter. Under the lush 

tropical forest vegetation, available nutrients are rapidly taken back up by the trees. The high annual 
precipitation also flushes some organic material from the soil. These factors combine to create soils 

lacking much organic matter in their upper horizons.  

Climate, interacting with vegetation, also affects soil chemistry. Pine forests tend to dominate cool, 

humid climates. Decomposing pine needles in the presence of water creates a weak acid that strips 
soluble bases from the soil leaving it in an acidic state. Additionally, pine trees have low nutrient 

demands so few soil nutrients are taken back up by the trees to be later recycled by decaying needle 
litter. Broadleaf deciduous trees like oak and maple have higher nutrient demand a nd thus continually 

recycle soil nutrients keeping soils high in soluble bases.  

Topography   

Topography has a significant impact on soil formation as it determines runoff of water, and its 
orientation affects microclimate which in turn affects vegetation. For soil to form, the parent material 

needs to lie relatively undisturbed so soil horizon processes can proceed. Water moving across the 
surface strips parent material away impeding soil development. Water erosion is more effective on 

steeper, unvegetated slopes. 

Effect on soil erosion 

Slope angle and length affects runoff generated when rain falls to the surface. Examine the diagram 
below showing the relationship between hill slope position, runoff, and erosion.  
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Figure 2:  Hill slope position, runoff & erosion  

The amount of water on a particular hill slope segment is dependent on what falls from precipitation 
and what runs int o it from an upslope hill slope segment. The hill slope in Figure SS.10 has been 

divided into several segments and the amount of precipitation falling on each segment is the same. 
As water runs down slope, the water that has accumulated in segment A runs o ff adding to what falls 

into segment B by precipitation. The water in B runs into C, and C into D, and so on. The amount of 

water increases in the down slope direction as water is contributed of water from upslope segments. 
The velocity of the water increa ses as well as it moves towards the base of the slope. As a result, the 

amount and velocity of water, and hence rate of erosion increases as you near the base of the slope. 
Rather than infiltrating into the soil to promote weathering and soil development, water runs off. 

Erosion causes stripping of the soil thus preventing parent material to stay in place to develop into a 

soil. So we should expect to find weakly developed soil at the mid - and near the bottom of the slope.  

Effect on deposition and soil texture 

Water velocity not only determines the rate of erosion but the deposition of soil material in 

suspension too.  The following Figure shows the relationship between location and texture. Sites A, 
B, and C, are located progressively further from the base of a slope. A soil texture triangle  is used to 

illustrate the variation in soil textures at the three sites.   

 

Figure 3:  Location, Deposition and Soil Texture ) 
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As water empties from a mountain stream, its velocity starts to decrease. The largest size particles, 

like sand, are the fi rst to drop out of suspension (Site A). Fine, clay size particles can be carried 
further away from the base of the slope before they are deposited. As a result, coarse textured soils 

tend to be found near the base of the mountain and fine textured soils ar e located further away (Site 
C). 

Microclimatic effects 

Hill slope orientation affects the microclimate of a place. As the slope of the surface increases, so 
does the local sun angle, up to a point. As the local sun angle increases, the intensity of heating  

increases, causing warmer surface temperatures and, likely, increased evaporation. Orientation of the 

hill slope is certainly important too. Those slopes which face into the sun receive more insolation than 
those facing away. Thus inclined surfaces facing into the sun tend to be warmer and drier, than 

flatter surfaces facing way from the sun. The microclimate also impact vegetation type.  

Organisms  

Organism, both plant and animal, play an important role in the 
development and composition of soil. Organisms add organic 

matter, aid decomposition, weathering and nutrient cycling. 
The richness and diversity of soil organisms and plant life that 

grows on the surface is, of course, also tied to climate.  

Nutrient cycling 
Biotic elements of the environment need li fe-sustaining 

nutrients that find their origin in the soil. Upon their death, 
organisms return these nutrients to the soil to be taken up 

again by other plants and animals. Hence there is a constant 
cycling of nutrients between organisms and soils. This cycling 

refreshes and maintains the nutrient status of soils. Without it, 

soluble nutrients would be leached from the soil,  decreasing 
the soil's ability to    support life.  

 
Figure  4:  Nutrient Cycling under broadleaf deciduous 

trees  

 

The degree to which nutrients are cycled depends on the needs of the organism occupying a 

particular place. For instance,  broadleaf, deciduous trees like oak and maple generally have high 

nutrient demand creating surface litter rich in nutrients when leaves die and fall to the  forest floor. 
Decomposition of the litter releases the nutrients back into the soil for the tree to take back up. Thus 

soils under these kinds of forests tend to be high in soluble bases and nutrients.  

 

Pine trees generally have low nutrient demands.  The decaying litter that falls 

to the forest floor is poor in nutrients. As a result, little cycling of soluble 

nutrients like calcium, magnesium, sodium, and potassium occurs and are 
thus leached creating an acidic soil environment. 
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                                                        Figure  5:   Nutrie nt cycling under pine forests  

Organisms and weathering 

Figure  6:  Soil biota such as worms are important factor in 
soil development   

Soil organisms also affect weathering. The decomposition of pine 

needles creates a weak acid that can strip soluble ions from the 

soil. Burrowing animals create passage ways through the soil to 
help aerate and allow water to infiltrate into it. Burrowing animals 

help translocate materials and fertilize the soil at depth.  

Time  

As time passes, the weathering processes continue to act on soil parent material to break it down 
and decompose it. Horizon development processes continue to differentiate layers in the soil profile 
by their physical and chemical properties. As a result, older more mature soils have well-developed 

sequence of horizons, though some may undergo so much weathering and leaching that visually 

distinct layers may be hard to see. This is a notable characteristic of oxisols. Some geological 
processes keep soils from developing by constantly altering the surface and thus not allowing parent 

material to weather over a significant period of time. For instance, erosion of hillsides constantly 
removes material thus impeding soil development. Along the channels of rivers, new sediment is 

frequently deposited as the river spills out onto its floodplain during floods. The constant addition of 
new material restarts the soil development process. 

Climate interacts with time during the soil development process. Soil development proceeds much 
more rapidly in warm and wet climates thus reaching a mature status sooner. In cold climates, 

weathering is impeded and soil development takes much longer. 

 

 
Chemical Properties of Soil  

Soil reaction  (pH)  
¶ Soil reaction denotes the degree of acidity or alkalinity in a soil and it is one of the important soil 

properties influencing plant growth. It is measured in pH units.  

¶ There are two groups of cations: acidic cations(H+;Al 3+) and  Basic  cations(Na+,K+,Mg+ and 

Ca2+). 

¶ In areas of moderate to heavy rainfall the basic cations are removed by leaching and the 

proportion of basic cations decreased leading the soil to be acidic in reaction with time.  
¶ In arid and semi arid region, evapotranspiration exceeds precipitation causing accumulation of 

basic cations in the surface horizons and soil become alkaline in reaction. 

¶ The degree of acidity or alkalinity of a soil can be determined with colour indicator and more 

accurately with pH meter a nd is expressed in pH units. 
¶ pH measurements requires an understanding of chemical dissociation of water and its dissociation 

constant as follows: 

H2O ª  H+  + OH-     10-14 

And (H+)(OH-) =10 -14 

¶ In pure water the hy drogen ion activity and hydroxyl ion activity are both  10-7 moles/liter . 

¶ The soil pH is defined as the negative log of the hydrogen ion (H+) activity (effective 

concentration) in solution and is a measure of the active acidity of the system. pH strongly af fects 
nutrient  availability through its effects on cation exchange.  

¶ The pH scale ranges from 0 to 14. A neutral state is indicated at pH 7.0, representing the value 

found in pure water. Values above 7.0 are basic, while values below 7.0 are acid. 

¶ The pH scale is logarithmic, meaning each unit has a 10-fold increase acidity or basicity. Thus, 

compared to a pH of 7.0, pH 6.0 is ten times more acid, and pH 5.0 is 100  times more acid. 
¶ Most agricultural soil has pH 4.0 to 9.0 
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Classification of soil reaction  

Rati ng                pH 
Very strongly acidic    <4.5  

Strongly Acidic     4.5-5.2 
Medium acidic     5.3-6.4 

Slightly acidic      6.5-6.9 

Neutral      7.0 
Slightly Alkaline     7.1-7.5 

Medium Alkaline    7.6-8.2 
Strongly Alkaline    8.3-9.0 

Very Strongly Alkaline   >9.1  
Soil Acidity  

¶ As pH number decreases the acidity increases. 

¶ Soil is an acidic depending on amount of acid forming element present. Accumulation of Al and H 

due to leaching of basic cations and also removal of crop (Ca,Na,Mg,&K) leading to increasing 

acidity. 
¶ Application of certain manures and fertilizers also leave acidic residues in soil and tend to produce 

acid condition in soil. 

¶ Due to ability of soil colloids to supply  H+ ions, soil acidity is designated as active and reserve 

acidity. 
Active aci dity:  The hydrogen ion in the soil solution comprise the active acidity and is the acidity 

measured by a test soil pH. 

Reserve acidity:  Acid cations adsorbed on the cation exchange comples of the soil are called 
exchangeable or reserve acidity. 

Although these two forms of acidity separated with definition but they are interrelated and are in 
chemical equilibrium. 

          H+  H+  H+  Al+  H+ 

                                                          H+  aq. 

                            
        Al3+ H+  Al+  H+  Al3+ 

Reserve Acidity (Clay particles)               Active acidity( Soil solution) 

Soil buffering capacity:  

The ability of a soil to resist a change in pH is called soil buffering capacity.  
Buffering capacity of the soil is due to reserve acidity and depend on- soil texture, clay mineralogy, 

and OM content. 
Sources of hydrogen ion  

Adsorbed Al ions:  
¶ Under very acidic conditions Al becomes soluble and present as Al+++.  

¶ The adsorbe Al is in equilibrium with Al ions in the soil solution . The Al in soil solution contribute to 

soil acidity through their tendency to hydrolyze.  

 

              Al               Al +++ . 

 

Adsorbed                     Soil Solution  

Al+++  + 3 H 2O          Al(OH) 3 + 3H +  

¶ Al(OH)3 is not ionized, so, the H ion released give a very low pH value in the soil solution.   

Adsorbed H ions:  Adsorbed H+ equilibrium with the soil solution . Higher adsorbed hydrogen 

saturation in a given soil the larger will be the concentration of hydrogen ions in the soil solution and 
lower the pH. 

                

Soil colloids H
+
 

Al
3+

 
H

+
 

Al
3+

 

Micelle 

Micelle 
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               H               H +  

 
Adsorbed Hydrogen                 Soil solution hydrogen  

Sources of OH - ions :    If adsorbed H and Al replaced by cation such as Ca, Mg, and K; the 
concentration of H ion in the soil solution will decrease and  the concentration of OH ion increase as 

there is inverse relationship between H and OH ions. Thus base forming cation become sources of 

OH ions mearely by replacing the adsorbed hydrogen. 
% Base Saturation  

 Low %BS means acidity and High %BS means nurarlity of alkalinity . 
The exact pH value determine by following factors:  

Nature of Micelle:  Since different colloidal materials differs in the degree of dissociation of their 
adsorbed hydrogen; pH value may differ even at the same %BS. pH value of organic soils at a given 

degree of BS lower than that of comparable mineral soil.  

In contrast the dissociation of adsorbed hydrogen from the iron and aluminum hydrous oxide is 
relatively low. 

Kind of adsorbed bases:  Na saturated soil has higher pH than those dominated by Ca and Mg. 
Liming  

To neutralize soil acidity 

  Sources of lime materials, and their calcium carbonate neutralizing equivalency  
 

                
How Lime Neutralizes Acid Soils 

CaCO3 (solid) + H2O ----- > Ca+2 + HCO 3 
- + OH-

 

Released Ca accounts for rise in pH and OH- & HCO3
- react to neutralize soil acids 

H++  OH- ----- > H2O 
H++  HCO3 

------ >CO2 + H 2O 

H,Al-Soil + 2 CaCO3(s) + 2H2O(l) ----- >Ca-Soil + Al(OH)3 (s)+ CO2(g)  +H 2O (l)  
Benefits of liming 

¶ Faster release of nutrients in crop residues 

¶ Better Soil structure due to improved environment for soil organism  

¶ Reduce toxic level of Al &Mn 

¶ Add Ca & Mg(dolomatic limestone) 

¶ Increase CEC and fertilizer efficiency 
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Adverse effect : Induce deficiency of Fe,Mn,B,Cu & Zn. However, these deficiency easily corrected 

by applying fertilizer.  
Nutrient Availability and pH 

¶ Plant nutrient availability is strongly tied to the activity of H+, or pH in the soil solution.  

¶ Decreasing soil pH directly increases the solubility of Mn, Zn, Cu, and Fe. At pH values less than 

approximately 5.5, toxic levels of Mn, Zn or Al may be released.  

¶ The availability of N, K, Ca, Mg and S tend to decrease with decreasing pH since conditions which 

acidify the soil such as weathering and plant uptake also result in removal of these nutrients or in 
decreased microbial activity. 

¶ The effects on P and B are primarily indirect as well, since the availability of these nutrients 

depends on formation of less soluble compounds with Al, Fe, Mn and Ca, which are affected by 
pH.  

¶ As a result, P and B availability decrease at both very low and very high pH, with maximum 

availability in the range of pH 5.5 to 7.0.  
  

 
                       Figure: Effect of pH Nutrient Availability for Plant Uptake  

 
Isomorphic substitution 

Isomorphous substitution is the replacement of one atom by another of similar size in a crystal lattice with 

disrupting or changing the crystal structure of the mineral. The substitution of trivalent cation with a divalent 

cation results in the formation of a net negative charge in the mineral. Therefore, the mineral will have a greater 

cation exchange capacity. 

Cation exchange capacity. 

¶ Cation exchange capacity (CEC) is the amount of positively charged ions (cations) that can be held by the 

negative charge in a given weight of soil. The units are centimole of positive charge per kg of soil (cmolc/ 

kg). One cmolc/kg is equal to one milliequivalent of cations per 100 g soil (meq/100 g). 

¶ CEC knowledge is important inorder to understand soil fertility and plant nutrition. Higher CEC of soil is 

indication of more cations it can hold. 

¶ Catioin exchange is rapidly occurring reaction between adsorbed cations on soil colloids and cations in 

solution. Adsorbed cations and cations in solution are in equilibrium with each other. Either addition of 
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more cations or removal cations from the soil solution will redistribute the cations and new exchange 

equilibrium will be established. 

 
    Ca

2+
                            Ca 

2+
                                                 Ca 

2+
                  Ca 

2+
 

                                                  Ca2+               Ca 
2+

 Add                                           2H
+  

    2H
+
+ 2Ca 

2+ 
 

   Ca
2+

                                  Ca
2+

                         4H
+             

Ca 
2+

                             
         

Ca 
2+

 
  
 

 

 

¶ Not all the H
+ 
ions become adsorbed on the colloids. 

¶ The exchange of ions was on equivalent(Charge for charge) basis i.e. two monovalent H ions replace one 

divalent Ca ions. 

¶ At equilibrium each type of cation occurs in both the exchangeable form and soluble form. 

Soils can retain large amounts of cations. Plant nutrients (e.g. NH4+, K+, Ca2+, Mg2+, Fe2+, Mn2+, Zn2+, 

Cu2+, Ni2+), pesticides (e.g. paraquat) or toxic metals (e.g. high concentrations of Cd2+, Cr2+, Pb2+, Hg2+, 

Zn2+, Cu2+, Ni2+are examples of cations. The following is an example calculation of the capacity of a soil 

to retain a cation. 
 
The most commonly cations found and exchangeable in soils are H

+
, Al 

3+
, Na 

+
, K

+
, Mg

2+
, and Ca

2+
. 

Another neutrally occurring cation in soil is ammonium(NH4
+
 ) which comes largely from decaying of 

organic matter. 
Ability of cations to compete for exchange depens on the followings: 
Affinity 
 Valency and hydration : higher valency state result strong electrical attraction between 
cations and adsorbing surface. Thinner hydration cell will allow cations to approach closer to adsorb 
surface.  
Concentration of cations: Increasing cation concentration is leading to increase exchange of 
cations. 
Associated anions: Presence of anion may alter or change the cation concentration in soil solution 
and also determines the ability of a cation to compete for exchange sites. Anion may affect exchange 
reaction by forming non-ionic compounds or precipitates with some exchangeable cations but not with 
other. Eg. Carbonate encourage removal of Calcium from soil solution by precipitation of calcium 
carbonate. 
Factors controlling CEC 

1. The amount of organic matter(humus): The CEC of humus is twice of pure clay. 
2. The amount of clay content 
3. The kind of clay 

Percent Base Saturation 
It is defined as percent of the total CEC occupied by each  of the major basic cations other than H+ 
and Al3+ 
Example:  

Cations CEC (meq/100 g) 

Ca 13.9 

Mg 3.4 

K 0.5 

Na 0.1 

H 9.3 

Total 27.2 

 
   meq. Bases                 13.9+3.4+0.5+0.1 
% BS =éééééé.*100 = éééééééé..*100 =65.8%  
   CEC                                27.2 
Generally, the higher the percentage of BS of a soil, the higher the soil pH and soil fertility level. 
Because of the nature of contribution to the soil reaction, cations may be grouped as:  
Acid cation : H, Al 
Basic cations : Ca, Mg, K, and Na 

 

                          

                   

Colloids Soil  

                          

                   

Colloids Soil  
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Desirable ranges of base saturation for crop production(Source:PPI,1979) 
Cations %BS 
Ca  60-70 
Mg  10-20 
K  2-5 
H  10-15 
Others   2-4 
Anion exchange capacity. 

¶ Anion exchange capacity (AEC) is the amount of exchangeable anions held by positive charges in a given 

weight of soil. Units are cmolc/kg. Calculations are the same as for cation exchange capacity except that 

charges are negative. 

¶ Some anions are readily exchangeable if adsorbed (Cl
-
, NO3

-
, SO4

2-
), while others are more strongly 

adsorbed and readily form precipitates (H2PO4
 -
, HPO4

2-
). 

¶ Phosphates are retained by the AEC of a soil. In time, formation of insoluble P compounds (aluminum and 

iron phosphates in acid soils, calcium phosphates in alkaline soils) often occurs. Each of these processes 

limits P leaching and leads to accumulation of P at the soil surface. 

¶ Agriculturally important anions commonly present in soils are : nitrates(NO3
-
) , chloride(Cl

-
), 

sulphate(SO4
2-
 ), borates( H2BO3

-
), molybadates(MoO4

2-
) and orthophosphate (H2PO4

 -
). 

¶ Anions occur in soil under certain condition and much lesser extent than cation exchange reactions. 

¶ Anions exchange sites may originates at the edge of clay minerals, on the surface of the hydrous oxide of 

Fe and Al and amino group in organic colloids under low pH conditions 

  
 

¶ The relative strength of adsorption of bonding of anions on adsorption sites  are as follows: 

 

None  None to weak  weak to moderate  strong 

-------  -----------------  ----------------------  ------- 

NO3
-  

SO4
2-    

H2BO3
-
,
   

OH
-
 

Cl
-      

MoO4
2-   

H2PO4
 -
 

 

Anions  is pH dependent and it is high with low pH. Tropical soil with 1:1 type clay minerals and hydrous oxide 

of Fe and Al have low pH in general and these soils have higher anion exchange capacity. 

 

What is soil organic matter?  
Soil organic matter is that fraction of the soil composed  of anything that once lived. It includes plant 

and animal remains in various stages of decomposition, cells and tissues of soil organisms, and 
substances from plant roots and soil microbes.  

 

Well-decomposed organic matter forms humus ( The humus material usually consists of 50-55% 
Carbon, 4-5% Nitrogen and c. 1% Sulphur.)   a dark brown, porous, spongy material that has a 

pleasant, earthy smell. In most soils,  the organic matter accounts for less than about 5% of the  
volume. 
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What does organic matter do?  
Organic matter is an essential component of soils because it: 
- provides a carbon and energy source for soil microbes;  

- stabilizes and holds soil particles together, thus reducing the hazard of erosion; 

- aids the growth of crops by improving the soilôs ability to store and transmit air and     water;  
- stores and supplies such nutrients as nitrogen, phosphorus, and sulfur, which are needed for the 

growth of  plants and soil organisms; 

- retains nutrients by providing cation -exchange and anion-exchange capacities; 
- maintains soil in an uncompacted condition with lower  bulk density;  

- makes soil more friable, less sticky, and easier to work; 
- retains carbon from the atmo sphere and other sources; 

- reduces the negative environmental effects of pesticides, heavy metals, and many other pollutants.  
-Soil organic matter also improves tilth in the surface  horizons, reduces crusting, increases the rate of 

water infiltration, red uces runoff, and facilitates penetration of  plant roots.  
Where does it come from? 

Plants produce organic compounds by using the energy of sunlight to combine carbon dioxide from 

the atmosphere with water from the soil. Soil organic matter is created by the  cycling of these 

organic compounds in plants, animals, and microorganisms into the soil. 
What happens to soil organic matter? 

¶ Soil organic matter can be lost through erosion. This process selectively detaches and transports 

particles on the soil surface that have the highest content of organic  matter.  

¶ Soil organic matter is also utilized by soil microorganisms as energy and nutrients to support their 

own life processes. Some of the material is incorporated into the microbes, but most is released as 
carbon dioxide and water. Some nitrogen is released in gaseous form, but some is retained, along 

with most of the phosphorus and  sulfur. 
 

¶ When soils are tilled, organic matter is decomposed faster because of changes in water, aeration, 

and temperature conditions. The amount of organic matter lost  after clearing a wooded area or 

tilling native grassland varies according to the kind of soil, but most organic  matter is lost within 
the first 10 years.  

¶ Rates of decomposition are very low at temperatures below 38 oF (4 oC) but rise steadily with 

increasing temperature to at least 102 oF (40 oC) and with water  content until air becomes limiting. 
Losses are higher with aerobic decomposition (with oxygen) than with  anaerobic decomposition (in 

excessively wet soils). 
¶ Available nitrogen also promotes organic matter decomposition.  
What controls the amount? 

http://www.singhranendra.com.np/


Soil Science BSc 2nd Yr 2nd Sem 

| Downloaded Form www.singhranendra.com.np | 

¶ The amount of soil organic matter is controlled by a  balance between additions of plant and animal 

materials and losses by decomposition. Both additions and losses are very strongly controlled by 

management activities. 
¶ The amount of water available for plant growth is the  primary factor controlling the production of 

plant materials. Other major controls are air temperature and  soil fertility. Salinity and chemical 

toxicities can also limit the production of plant biomass.  
¶ Other controls are the intensity of sunlight, the content of carbon dioxide in  the atmosphere, and 

relative humidity.  

¶ The proportion of the total plant biomass that reaches  the soil as a source of organic matter 

depends largely on the amounts consumed by mammals and insects, destroyed by fire, or 
produced and harvested for human use. 

Practices decreasing soil organic matter  include those that:  

1. Decrease the production of plant materials by  
- replacing perennial vegetation with short -season vegetation, 

- replacing mixed vegetation with monoculture crops,  
- introducing more aggressive but less productive species, 

- using cultivars with high harvest indices,  

- increasing the use of bare fallow. 
2. Decrease the supply of organic materials by 

- burning forest, range, or crop residue,  
- grazing, 

- removing plant products.  

3. Increase decomposition by 
- tillage, 

- drainage, 
- fertilization (especially with excess nitrogen).  

Practices increasing soil organic matter  include those that:  
1. Increase the production of plant materials by  

- irrigation,  

- fertilization to increase plant biomass production,  
- use of cover crops 

- improved vegetative stands, 
- introduction of plants that produce more biomass,  

- reforestation, 

- restoration of grasslands. 
2. Increase supply of organic materials by  

- protecting from fire,  
- using forage by grazing rather than by harvesting,  

- controlling insects and rodents, 
- applying animal manure or other carbon-rich wastes, 
- applying plant materials from other areas. 

3. Decrease decomposition by  

- reducing or eliminating tillage,  

- keeping the soil saturated with water (although this  may cause other problems), 
- keeping the soil cool with vegetative cover.  

Composition of Plant Residues and Ef fect on Decomposition Rate  

http://www.singhranendra.com.np/


Soil Science BSc 2nd Yr 2nd Sem 

| Downloaded Form www.singhranendra.com.np | 

 
 

Figure : Soil organic matter composition and turnover  
Dry Matter Composition 

¶ Carbohydrates: Cellulose 45 % ,Hemicelluloses 20 % ,Sugars and starches 5 % ,Lignins 20 %  

¶ Proteins 8 %  

¶ Fats and waxes 2 %  

Colloidal properties o f humus include:  

Surface area / unit mass > silicate clays, High CEC (pH-dependent), High water holding capacity  

Role of Organic matter in soil  

 
 

Table : Role of Organic Matter in Soil  

Property  Remarks  Effects on Soil  
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Colour  The typical dark colour of many soils is 

often caused by organic matter 

May facilitate warming in spring 

 

Soil Biodiversity 
 

The organic fraction in soils 
provides a source of food an 

energy for a diverse range of 
organisms. The diversity of the organic 

materials will generally be reflected in the  
diversity of the organisms 

Many of the functions associated with soil 
organic 

matter are related to the  
activities of soil flora and fauna 

 

Water Retention  Organic Matter can hold up to 20 times its 

weight in water  

Helps prevent drying and 

shrinking. May significantly 
improve the moisture retaining properties of 

sandy soils. The total quantity of  water may 

increase but not necessarily the AWC except 
in sandy soils 

 

Combination with 

clay minerals 

Cements soil particles into 

structural units called aggregates 

 

Permits the exchange of gases 

Stabilizes structure. Increase 

permeability 
 

Reduction in the 

Bulk Density 
of Mineral Soils 

Organic materials normally 

have a low density, hence the 
addition of these materials 

ódilutesô the mineral soil 
 

The lower bulk density is normally 

associated with an 
increase in porosity because 

of the interactions between  
organic and inorganic fractions 

Solubility in water 

 

Insolubility of organic matter  

because of its association with clays. Also 
salts of divalent 

and trivalent cations with  
organic matter are insoluble. 

Isolated organic matter is  

partly soluble in water  

Little organic matter is lost  

through leaching 
 

Buffer action 

 

Organic matter exhibits 

buffering in slightly acid,  

neutral and alkaline ranges 

Helps to maintain uniform  

reaction in the soil.  

 

Cation exchange 

 

Total acidities of isolated 

fractions of organic matter  

range from 300 to 1400 cmol  
kg-1 

May increase the CEC of the 

soil. From 20 to 70% of the  

CEC of many soils is associated with organic 
matter.  

Mineralisation 
 

Decomposition of organic 
matter yields CO2, NH4 -, NO 

, PO3 4- and SO4 2- 

A source of nutrients for plan t 
Growth 

 

Stabilisation of 
contaminants 

 

Stabilisation of organic materials in humic 
substances 

including volatile organic 

compounds (formation of  bound residues 
with pesticides) 

Stability may depend on the persistence of 
the soil humus. 

 

Chelation of heavy 
metals 

 

Forms stable complexes with 
Cu2+, Mn2+, Zn2+ and other  

polyvalent cations 

May enhance the availability 
of micronutrients to higher  

plants 
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Amount of Organic Matter is Soils  

Organic soils 20 - 30 %  

Mineral soils < 20 %  

 

Fig: Typical distribution of organic C with depth for different soil orders.  

 

Factors Affecting the Amount of Organic Matter in Soil  

 

ü Climate (temperature and rainfall; greatest accumulation where cool and wet) Natural vegetation 
(grasslands > forests) Texture and drainage (clay > sand; poorly drained > well drained)  

ü Cropping and tillage (virgin land > cropped land; no -till > conventional -til l) Crop rotations and 
additions of nutrients  

ü Long-term effect of tillage, crop rotations and fertilizer application on soil organic matter.  

Decomposition process  

Fresh residues decompose faster than soil organic matter. The rate of degradation of differe nt 

fractions of soil organic matter varies from only a few months for non -humic substances to centuries 
for the most resistant humic substances.  

Anaerobic Decomposition (Fermentation)  

Anaerobic micro organisms breakdown organic matter by t he process of r eduction in absence of 
oxygen. First facultative heterotrophs bacteria degrade organic matter into fatty acids, aldehyde and 

so on. Then another group of bacteria convert the intermediate products to methane,carbondioxide, 
ammonia,and hydrogen. 

Organism use nitrogen, phosphorus and other elements for developing  cell protoplasm. Since 
decomposition is incomplete, intermediate product : organic acids and ammonia occur with less carbon 

dioxide production. Intensive reduction of OM accompanied with odours of h ydrogen sulphide and 
reduced organic compounds which contain sulfur, such as mercaptans. 
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(CH2O)x          acid producing bacteria                xCH 3COOH 

CH3COOH       Methonomonas                             CH 4 + CO2 

Organic N                                 NH3 

2H2S + CO2     Light                                           CH 2O + S+ H 2O 

The lack of heat generated in the anaerobic destruction of organic matter is a definite disadvantage if 
contaminated materials are used for composting. High temperatures are needed for the destruction of 

pathogens and parasites. 

Aerobic Decomposition  

Organic materials decompose in the presence of oxygen, the process is called "aerobic." In aerobic 

decomposition, living organisms, use oxygen, feed upon the organic matt er. They use the nitrogen, 
phosphorus, some of the carbon, and other required nutrients  in the cell protoplasm. Since carbon 

serves both as a source of energy and as an element in the cell protoplasm, much more carbon than 

nitrogen is needed.  Generally about two -thirds of carbon is respired as C02, while the other third is 
combined with nitrogen in the living cells.  There is no nuisance problem such as bad odours during 

aerobic decomposition. 
 

During composting a great deal of energy is released in the for m of heat in the oxidation of the 

carbon to C02. For example, if a gram-molecule of glucose is dissimilated under aerobic conditions, 
484 to 674 kilogram calories (kcal) of heat may be released.  

 
Sugar( CH2O)x + XO2      XCO2 + XH2O +E 

Cellulose,Hemicellulose 

Proteins(Org.N)      NH4
+     NO2 

ï NO3
 - + E 

Organic Sulphur S + X O    SO4
- +E 

Organic Phosphorus     H3PO4  Ca(HPO4)2 

Phytin, Lethicin 

Over all reaction  

Organic matter    Microbial activity    CO 2 + H 2O +Nutrients+ Humus + Energy  

 

Initially, mesophilic organisms, which live in temperatures of 50°F to 115°F, colonize in the materials. 
When the temperature exceeds about 120°F(50 oC), thermophilic organisms, which grow and thrive 

in the temperature range 115°F to 160°F (50 -60oC)., develop and replace the mesophilic bacteria in 

the decomposition material. Only a few groups of thermophiles carry on any activity above 160°F.  
Oxidation at thermophilic temperatures takesplace more rapidly than at mesophilic temperatures and, 

hence, a shorter time is required for decomposition (stabilization). The high temperatures will destroy 
pathogenic bacteria, protozoa (microscopic one-celled animals), and weed seeds, which are 

detrimental to health or agriculture.  

Factors Affecting  Efficient Decomposition  

Decomposition of organic material in the compost pile depends on maintaining microbial activity. Any 
factor which slows or halts microbial growth also impedes the composting process. C:N ration, 

Shredding of material, moisture, aeration, temperature, microorganism in volved are factors affecting 
decomposition. 

 Aeration/Oxygen  
Oxygen is required for microbes to decompose organic wastes efficiently. Minimum oxygen levels 
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should be 5%. The more oxygen, up to at least 10 -12 percent, the more quickly the biodegradation 

will take place. Typical oxygen percents range from 6% - 16% in the pile air spaces or in the 
exhausted air; and 20% at the exposed portions of the pile. Failure to keep all parts of the compost 

pile above the 5% oxygen level will cause the pile to "go anaero bic", with the accompanying odor 
problems.  

Moisture  

Adequate moisture is essential for microbial activity. Proper moisture encourages the growth of 
microorganisms that break down the organic matter into humus. Excess water can lead to anaerobic 

conditions which slow down the degradation process and cause foul odors. Optimum moisture for 
aerobic decomposition is 50-60%. However a range of 40 -80% moisture is satiusfactory.  

Temperature  
Temperature is very important to the biological activity. Low temperatures  slow the activity down, 

while warmer temperatures speed up decomposition. The microbes that make up the bulk of the 

decomposition process fall into two categories: mesophilic, those that live and function in temperatures 
of 50 to 113°F, and thermophilic, those that thrive at temperatures between 113 to 158°F.  

Shredding materials  
The smaller the size of the organic refuse particle, the more quickly it can be consumed by the 

microbes. The most desirable particle size for efficient decomposition is 5 cm. A shredder is useful for 

chipping or shredding most landscape refuse .  A low-cost method of reducing the size of fallen tree 
leaves is to mow the lawn before raking.  

Carbon -Nitrogen ratio:  
It is the most important factor in decomposition process.  Microorga nism need carbon for growth and 

nitrogen for protein synthesis. A C:N ratio of 30 -40 is optimal for efficient decomposition and a ratio 
between 25-40 is satisfactory for decomposition. High C:N ratio leads to immobilization of nitrogen.  

Microorganism inv olved:  

Microbial population fluctuates in aerobic decomposition. Many bacteria are initially present and 
multiply and number decreases as temperature rises with their activity. The fungi and acid forming 

bacteria appear during mesophillic stage and as temperature rises above 40oC these organism is  
replaced by thermophilic  organisms. 

 

Actinomycetes degrade starch efficiently whereas Bacillus spp. Are involved in degradation of proteins, 
amino acids, peptones and blood meal. Mesophilic organisms consume readily degradable 

carbohydrate and proteins whereas Thermophilic bacteria attacks on protins, lipids and hemicellulose 
but not important in degradation of cellulose and hemicellulose. Lignin is most resistant to 

decomposition.  

Humus  

Soil organic matter is a broad term that includes biomass, partially decomposed residue and highly 

decomposed and transformed colloidal residue. The latter is called humus. It develops due to 

(microbial) synthesis as well as decomposition reactions. Humus includes:Humic substances Complex 
polymers that are resistant to decomposition (60 - 80 %)  

Identifiable biomolecules Less resistant to decomposition (20 - 30 %)  

Humus substances include fulvic acids, humic acids and humin. These can be ex-tracted from soil and 
differentiated based on their solubilities in acid or base.  

Substance      MW      Decomposition  

Fulvic acid      lowest                                       labile  

Humic acid    higher      more resistant  

Humin     highest     most resistant  

One reason humic substances are only slowly decomposed is that these are ad-sorbed by soil mineral 
colloids.  
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Soil Organism 

ü Soil biology is the scientific study of life in and on the soil. It includes the study of plants, insects, 

worms, mammals and many kind of microorganisms.  

ü An acre of living top soil contains about 900 lbs earthworms,2400 lbs fungi, 1500 lbs bacteria, 133lbs 

protozoa, 890 lbs of arthropods and algae and small mammals. Therefore, soil is viewed as living 

community rather than inert body.  

ü Natural landscape: forest function; soil organism till the soil and decompose the litter fallen from the 

tr ee and provide nutrients to growing plants. In this way cycle is completed. 

General classification 

 

Soil Inhabitants 

 

 

Soil Microorganisms                   Soil 

Fauna 

 

 

Micro-flora                                                                                       1. Micro- fauna(<100 µm) 

  (i)Protozoa 

Aerobic       Anaerobic          (ii)Nematodes  

 1.Bacteria 

Autotrophic    Heterotrophic  Bact. Colostridium 

1. Bacteria 1. Bacteria               (Free-living, N-fixing) 

i. Nitrosomonas   vi. Azotobactor (Free living,N-fixing) 

ii.  Nitrobactor   vii. Radicicola (Symbiotic,N-fixing)     

iii.  Thiobacillus   viii. Ammonifying 

iv. Thiooxidans   2. Actinomycetes    

v. Ferrooxidans   3. Fungi   

4. Algae                                                               2. Meso-fauna(100 µm-1cm)    3. Macro-fauna(>2cm) iii. 

Anthropods                   iv. Earthworms                                                                                                

                                                                                                                                     v.Millipeds  

                          vi.Moles 

                                                                   

vii.Grasshoppers 

                                                                                                                                     viii. Ground squirrels 

                          ix. Mice 
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Earthworms:   

ü Important organisms including 7000 species. 

ü Feed on dead animal and deciduous plant leaves but not on conifer needles 

ü It burrows that enhance water infiltration, soil aeration, root penetration, recycle nutrients, improve 

structure, recharge ground water, help to store more soil water for dry spell. 

ü Worms also consume soil and soil microbes. Depending on size of the worms, excreta(known as worm 

casts or casting) is in aggregates size ranging from mustard seed to sorghum seed . 

ü Soluble nutrient contents of worm casts are considerably higher than that of the original soil (Soil 

had 4%OM). 

     Nutrients   Worm casts(lbs/ ac.)       Soil(lbs/ac.) 

Carbon   171000   78500 

Nitrogen   10720               7000 

Phosphorus  280    40 

Potash   900    140 

------------------------------------------------------------ 

Earthwormôs number increased by:  

ü Eliminating tillage  

ü Reducing residue particle size 

ü Adding animal manure 

ü Growing green manure crops 

ü Beneficial to leave as much surface residue as possible year round 

ü Perennial cropping system, grass grazed rotationally have more earthworms 

ü Earthworms prefer moist, warm(21 oC), well aerated, ph between 5 to 8.4 with plenty of palatable 

organic matter, low salt concentration but high available calcium fairly deep soil of medium and fine 

texture 

Enemies: Heavy farm machinery, sandy, salty, arid acidic, cold or hot, bare or barren soils, mice, mites, 

millipedes and strong insecticides (Furadon, Sevin etc.) 

 

Arthropods (Ants and Termites) 

 

ü It includes millipedes, centipedes, slugs, snails, spring tails, ants, termites etc. are the primary 

decomposer tha eat and shred the large particles of plant and animal residues.  

ü Ant and termite till the soil and change the soil structure 

ü Some organisms of this group burry residue bringing into contact with other organism that further 

decompose it.  
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Nematodes  

 

ü Microscopic worms classified based on their feeding habit.  

ü Omnivorous mostly live on decaying organic matter and are most common nematodes.  

ü Predacious nematode prey on soil bacteria, fungi, algae, and other nematodes. 

ü Parasitic nematode infest plant roots that also help to entry of other infesting organisms leading to  

severe damage (sugar beet, corn 50% damage) 

 

Algae 

 

ü Many species live in upper half inch of the soil. They produce their own food through photosynthesis; 

appear as a greenish film on the soil surface following a saturating rain. 

ü Improve soil structure into water stable aggregates by producing glue substances. Blue green algae 

fix their own nitrogen that later released to plant roots. 
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Fungi 

 

Many species vary size and shape in soil. They aid plants by releasing nutrients by breaking down OM 

and soil minerals as they do not have ability to use sun energy. Yeast, filamentous molds, mildews, smuts, 

rust and mushroom are example of fungi. 

 

Organic matter decomposer 

 

Visual evidence of decomposition of some material is the appearance of fungal mycelia (Hyphae) 

Fungus readily attack cellulose, lignins, gums, and other complex compounds even in quite acidic 

condition. 

They help in the formation of water stable aggregates  

They compete with economic plants for nutrients:  N, P and S 

 

Symbiotic Fungi         

ü Mycorrhizae are symbiotic fungi live either on(Ecto-) or in (Endo-) plant roots. It increases the 

uptake of water and nutrients (P, Zn, Cu, Mo) and play important role in less fertile soil. 

ü Root colonized by mycorrhizae are less likely to be penetrated by root feeding nematodes since the 

pest cannot pierce the thick fungal network. 

ü Mycorrhizae also produce hormones and antibiotics that enhance root growth and provide dieses 

suppression. Fungi benefited by taking nutrients and carbohydrates  from the plant roots they live 

on. 

Deleterious fungi 

ü Some fungi predators on living cells. Fungi penetrate protozoa and when they become immobile 

,slowly digest them. 

ü Various causes diseases  like smuts and rusts on grain and lawn grass, wilts, scab, spots, cankers, root 

knots, fruit rot etc.  

ü Alfatoxins produced by molds are carcinogenic and can cause liver cancer. 

Protozoa 

 

ü Protozoa and Slim molds are main Phyla. 

ü A gram of soil can contain as many as a million protozoa, but a gram of compost has many thousands 

less, especially during the thermophilic stage.  

ü Protozoa obtain their food from organic matter in the same way bacteria do, but fewer numbers than 

bacteria leading to  smaller part in the decomposition process. 

ü It helps to control other microbes but also cause critical diseases (Malaria) 

ü Digesting bacteria and fungi by protozoan influences microbial population and hasten the recycling 

of plant nutrients. 

Soil bacteria  

ü They are unicellular (1-10µm)  

ü One gram of soil contain 100 million bacteria cell, 1 million actinomycetes and 5 gram of fungal 

mycelia 

ü Various species of bacteria classify based on nutritional pattern, oxygen needs and symbiotic 

relationship. 

Division based on nutritional energy 

ü Photoautotrops: Energy from sunlight and nutritive carbon from CO2 

ü Photoheterotroph: Energy from sunlight and carbon from OM 

ü Chemoautotrops: Energy from oxidation of inorganic substances 

                                  (N, Fe, S) and carbon from CO2 

ü Chemoheterotroph: Energy and nutritive carbon fro OM  

Division based on Oxygen requirements 

ü Aerobic: Require free gaseous oxygen. Most active decomposer and heavily populated bacteria 

ü Anaerobic : Do not require free oxygen but can use electron acceptors     such as NO3- and SO4- 

ü Facultative anaerobic : Can be either aerobic or anaerobic in presence or absence of oxygen. 

Division based on Symbiotic relationship 

ü Di-nitrogen fixers divide on presence and absence of symbiotic relationship 
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ü Symbiotic nitrogen fixers: They associated with host plant( Rhizobium) 

ü Non-symbiotic nitrogen fixers: They exist as free bacteria without host and fix nitrogen 

(Clostridium, Azatobactor)  

ü Autotrophs oxidize unuseful minerals (nitrites, sulfides, CO)  to useful form for plants(Nitrate, 

sulfate, CO2) . 

ü Requirements of autotrophs: presence of protein of ammonium sulphate, adequate aeration, moist 

but not wet, large amount of Ca but not acidic and optimum temperature(20-40 oC) 

NH4+    éééé.>NO2-éééééé..> NO3- 

               Bacteria   Bacteria 

(Utilized by plants)    (Transitory and   (Utilized by plants) 

apparently toxic)  

Co  éééé.> CO2 or CH4 (If not atm. become lethal for animal life) 

ü Heterotrophic bacteria : Most bacteria are in this group,  

ü N fixing and not N-fixing: N -fixing associated with leguminous plant and non N-fixing account for 

much of decomposition. 

Actinomycetes 

ü Taxonomically and morphologically related to both fungi and bacteria. 

ü Characterized by branched mycelia similar to fungi and resemble bacteria when bacteria breaks(into 

short fragment) 

ü These may be aerobic and hetrotrophic in nature and derive carbon and energy from resistant 

organic compounds. 

ü They produce many antibiotics (Streptomycin, Terramycin Neomycin etc) 

ü They also develop stable water soluble structure by secreting non water soluble gummy substances  

 

Optimum conditions for microbial activity  

1. Moisture: Less active at wilting moisture and also saturation. They are active at moisture content 

near or just greater than field capacity. Anaerobes grow best at saturation condition. 

2.  pH 

       Majoroty grow best at p
H
 7.Fungi tolerate acidic condition than bacteria. Thiobacillus as exception 

tolerate p
H
 less than 0.6 which produce sulphuric acid. Organism near to root can cause lower pH 

than soil(1-2unit) due to residue decomposition. 

3. Temerature 

Psychrophiles : Can grow below 5
o
C(41oF) but have optimum temperature near that of mesophiles 

      Mesophiles : Optimum temperature is 25 -37 
o
C(77-99

o
F). Growth decreases above 40 oC. Many die 

at higher temperature 

     Thermophiles : Can tolarate temperature 45-75 
o
C(113-167 

o
F). Optimum is 55-65

o
C(131-149

o
F) 

4. Other conditions: Nutritions (N,P,S Ca), Carbon source(Organic substances) and low level of microbial 

enemies. 

 

 

SOIL FORMATION/  Soil Forming Factors 

Soil formation is an ongoing process that proceeds through the combined effects of five soil -forming 

factors: parent material, climate, living organisms, topography, and time. Each combination of the 

five factors produces a unique type of soil that can be identified by its characteristic layers, called 
horizons. Soil formation is also known as pedogenesis (from the Greek words pedon, for ñground,ò 

and genesis, meaning ñbirthò or ñoriginò). 
State factor equation (H - Jenny )  

S /s = f (c l , o , r , P r té..) = independent variables 
where  

S  = whole soil body  =Dependent Variables      

s = any soil propertY  
cl=environmental climate  

o=biota (organisms)  
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r=relief or topography (including hydrologic features or drainage)  

p=parent material (defined as state of the soil at soil the formation time zero)  
t= time (age of the soil, absolute period of soil formation)  

é..,) = additional unidentified factors  

 
Stages of Soil Formation  
Soil formation is the process by which rocks are broken down into progressively smaller particles and 

mixed with decaying organic material. Bedrock begins to disintegrate as it is subjected to freezing -

thawing cycles, rain, and other environmental forces  
 

(I) The rock breaks down into parent material, whic h in turn breaks into smaller mineral particles  
(II). The organisms in an area contribute to soil formation by facilitating the disintegration process as 

they live and adding organic matter to the system when they die. As soil continues to develop, 
layers called horizons form 

 (III). The A horizon, nearest the surface, is usually richer in organic matter, while the lowest layer, 

the C horizon, contains more minerals and still looks much like the parent material. The soil will 
eventually reach a point where it can support a thick cover of vegetation and cycle its 

resources effectively  
(IV). At this stage, the soil may feature a B horizon, where leached minerals collect.  

 

http://www.singhranendra.com.np/


Soil Science BSc 2nd Yr 2nd Sem 

| Downloaded Form www.singhranendra.com.np | 

 

 

     Precipitation  

     Temperature  

Climate  

 

 

                                                 Time  
 

                                                                           
 
                                                  Stone   Gravel                 Sand    Silt     Cley     Dissolved ions  

   
  Figure:  Soil format ion processes                                            Soil           

Organism 

Topography 

Rock 

http://www.singhranendra.com.np/


Soil Science BSc 2nd Yr 2nd Sem 

| Downloaded Form www.singhranendra.com.np | 

           

Parent Material  

 

ü The first step in pedogenesis is the formation of parent material from which the soil itself 

forms.  

ü Roughly 99 percent of the world's soils derive from mi neral-based parent materials that are 

the result of weathering, the physical disintegration and chemical decomposition of exposed 

bedrock.  

ü The small percentage of remaining soils derives from organic parent materials, which are the 

product of environments where organic matter accumulates faster than it decomposes. This 

accumulation can occur in marshes, bogs, and wetlands. 

ü Bedrock itself does not directly give rise to soil. Rather, the gradual weathering of bedrock, 

through physical and chemical processes, produces a layer of rock debris called regolith. 

Further weathering of this debris, leading to increasingly smaller and finer particles, 

ultimately results in the creation of soil.  

ü In some instances, the weathering of bedrock creates parent materials that  remain in one 

place. In other cases, rock materials are transported far from their sourceðblown by wind, 

carried by moving water, and borne inside glaciers. 

http://www.singhranendra.com.np/


Soil Science BSc 2nd Yr 2nd Sem 

| Downloaded Form www.singhranendra.com.np | 

Weathering of soil  

Physical weathering  

1. Freezing and Thawing:  The expansion force of water when Freezing is sufficient to splitting 

rocks. It can exert pressure of 146 kg/cm2.  

2. Grinding action:  The friction of moving rocks or soil particles against each other -caused by 

water, wind, ice, gravity or soil mixing action effective for disintegration.  

3. Action of Organisms  (plant, animals, people): Plant root growth, animal digging and human by 

plowing and cultivating accelerate physical weathering. 

Chemical weathering 

1. Solution:  Dissolving solid in liquid that separates solid materials into independent soluble ions 

surrounded by liquid molecules. Eg salt dissolving water 

NaCl+H2O                   Na+  ,Cl-, H2O  

Soluble salt 

2. Hydrolysis:  Spliting of water molecules and form hydroxide of substances by reacting with them 

and are more soluble 

     KAlSi3O3 + HOH = HAlSi3O8 +KOH 
 Orthoclase  Water    (Acid silicate clay) Potassium Hydroxide 

 Very slowly soluble  More soluble  More soluble 
3. Carbonation:  Carbonic acid dissolves minerals more readily and form soluble carbonates. 

CO2 +  H2O (H+  +HCO3) 
CaCO3      +                    H+  +HCO3                    Ca (HCO3)2 

  Calcite: slightly soluble Carbonic acid Calcium bicarbonate readily soluble 

 
4. Oxidation/Reduction : Loss of electrons and addition of electrons make minerals softer, 

structural changes  
     CaSO4 (Hard)                               CaSO4.2 H2O (Softer) 

    4FeO (Ferous oxdide)                              2Fe2O3 (Ferric oxdide)     
                      

5. Hydration:  Solid chemicals such as salt, mineral combine with water changes mineral structure, 

increasing volume making it softer.  
       2Fe2O3 + 3H 2O                       2Fe2O3.3H2O        

        (Hematite)            (Limonite) 
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General classification of soil parent materials.  

 

Climate : Climate directly affects soil formation as 

ü Water, ice, wind, heat, and cold cause physical weathering by loosening and breaking up rocks.  

ü Water in rock crevices expands when it freezes, causing the rocks to crack.  

ü Rocks are worn down by water and wind and ground to bits by the slow movement of glaciers.  

ü Climate also determines the speed at which parent materials undergo chemical weathering, a 

process in which existing minerals are broken down into new mineral components.  

ü Chemical weathering is fastest in hot, moist climates and slowest in cold, dry climates.  

ü Climate also influences the developing soil by determining the types of plant growth that occur.  

Living Organisms  

ü As the parent material accumulates, living things gradually gain a foothold in it. The arrival of 

living organisms marks the beginning of the f ormation of true soil.  

ü Mosses, lichens, and lower plant forms appear first. As they die, their remains add to the 

developing soil until a thin layer of humus is built up.  

ü Animalsô waste materials add nutrients that are used by plants. Higher forms of plants are 

eventually able to establish themselves as more and more humus accumulates.  
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ü The presence of humus in the upper layers of a soil is important because humus contains large 

amounts of the elements needed by plants. 

ü Living organisms also contribute to the development of soils in other ways. Plants build soils by 

catching dust from volcanoes and deserts, and plantsô growing roots break up rocks and stir the 

developing soil. Animals also mix soils by tunneling in them.  

Topography  

ü Topography, or relief, is another important factor in soil formation. The degree of slope on which 

a soil forms helps to determine how much rainfall will run off the surface and how much will be 

retained by the soil.  

ü Relief may also affect the average temperature of a soil, depending on whether or not the slope 

faces the sun most of the day.  

ü In general soils at the summit and backslope develop horizons the fastest. The steeper the slope 

the less development the soil will have.  

ü Soils on the shoulder develop horizons slower because : 
ü rainfall will run off this slope position faster,  

ü there will be more soil erosion ,  

ü and there will be less leaching.  

¶ At the footslope position the soils will collect sediment from upslope that can bury the horizons 

and slow down their development. If sediment is minimal, the increased water accumulating on 

the footslope from upslope will increase the leaching and the depth of horizon development  

¶ Another complicating factor is the depth of the water table in relation to the slope position. This 

concept of soils being different because of the depth to the natural water table is called 
the"Catena Concept" or soils have different properties due to their depth to the water table.  

¶ The following diagram indicates this relationship. Soils that are greater than 4 feet to the  

 
 

 

 
 

 
water table 

are considered 
Well 

Drained 

(WD) and 
do not have any characteristics that indicate poor drainage. These features are called redoximorphic 

features and are reflected in the soil as splotches (irregular spot) of red or gray color and are called 
mottles. Well drained soils have mottles greater than 4 feet. Soils that is moderately Well Drained 

(MWD) have gray and red mottles between 3 and 4 feet. These mottles indicate that the water table 

will be at this level during som e periods of the year. For the Somewhat Poorly Drained (SPD) soils the 
mottles will occur from 2 to 3 feet. For the Poorly Drained  (PD) soils the entire soil below the dark 

surface will be gray in color indicating that most of the iron has been reduced due  to the low O2 
levels.  

Time  

The amount of time a soil requires to develop varies widely according to the action of the other soil -

forming factors. Young soils may develop in a few days from the alluvium (sediments left by floods) 

or from the ash from volc anic eruptions. Other soils may take hundreds of thousands of years to 

form. In some areas, the soils may be more than a million years old.  
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Soil Forming (Pedogenic) Processes  

The physical and chemical properties of a soil are determined by the soil forming process under 
which they form. Though a soil is considered as an open system and all soils are created by the 
various horizon development processes of additions, transformations, translocation and removals, it 
is the soil forming or, pedogenic processes that determines the kind of soil that is ultimately formed. 

Additions:  

¶ Heat from solar radiation  

¶ Water from rain fall /water table 

¶  Organic matter from vegetation or fertilization 

¶ Sediment from flooding 

¶ Soluble compounds from flooding and fertilization 
Losses 

¶ Heat to the atmosphere 

¶ Water by runoff, hypodermic flow and deep 
percolation 

¶ Organic and mineral materials by erosion 

¶ Soluble compounds by erosion and deep leaching 
Transformation 

¶ Decomposition of OM 

¶ Weathering of primary minerals 

¶ Neoformation of clay minerals 

¶ Formation of chemical compounds, concentration and 
cementation 

¶ Formation of soil structure by biological construction 
and phyco-mechanical partition 

Translocation 

¶ Down ward migration (Illuviation)  of clay, salts,  
carbonates, OM, sesquioxide 

¶ Upward migration of salts 

¶ Lateral migration of soluble compounds 

 

 

1. Laterization : The deep red to bright orange-red soils of the tropics are a product of laterization. Laterization 

occurs in the hot, rainy tropics where chemical weathering proceeds at a rapid rate. Soils subject to laterization 

tend toward the acidic and lack much organic matter as decomposition and leaching is extreme. Exposure of the 

soil to the hot tropic sun by deforestation bakes the soil dry, reducing infiltration, increasing runoff, and 

reducing fertility.  
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Figure 1:  This ultisol displays the typical    features of a soil having undergone laterization 
 
 2. Calcification 

 
Calcification occurs in warm, semi-arid environments, usually under grassland vegetation. Soil tends 
to be rich in organic matter and high in soluble bases. The B horizon of the soil is enriched with 
calcium carbonate precipitated from water moving downward through the soil, or upward by capillary 
action of water from below.  

                  

                                Figure 2: Mollisol soil enriched with calcium carbonate 

3. Podzolization 

Podzolization occurs in cool and moist climates under pine forests. They are typical of 
the colder portions of the humid continental and subarctic climates. The E horizon is 
heavily leached and basically composed of light colored layer of sand. 

The upper portion of the B horizon is stained reddish color from the accumulation of 
sesquioxides. The profile gets lighter in color as depth increases. Podzolization of 
sandy soils in the southern United States has been the result of planting pine 
plantations.  

                

Figure 3: Typical ashy, gray layer left from leaching of sesquioxides is apparent 
in this podzolized soil 

 

 

4. Salinization  

 

Salinization occurs in warm and dry locations where soluble salts 
precipitate from water and accumulate in the soil. Saline soils are 
common in desert and steppe climates. Salt may also accumulate 
in soils from sea spray. The rapid evaporation of salt-rich 
irrigation water has devastated thousands of acres of land world-
wide.  

Figure 4: Accumulation of salts is easily seen in this 
salinized soil 

 

5. Gleization 
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Gleization occurs in regions of high rainfall and low-lying areas that may be 
naturally waterlogged. Bacterial activity is slowed in the constantly wet 
environment thus inhibiting the decomposition of dead vegetation allowing it to 
accumulate in thick layers. Peat is found in the upper portion of the soil. Decaying 
plant matter releases organic acids that react with iron in the soil. The iron is 
reduced rather than oxidized giving the soil a black to bluish - gray color.  

  Figure 5:  Cultivated gley soil in southern Canada 

 

Adsorption :  It occurs when the attractive forces between the solid soil surface 

(adsorbent) and the solution component (adsorbate) overcomes both the 

attractive forces between the solution component and the soil solution (solvent), as well as any 
repulsive forces between the soil surface and the adsorbing species. 

Aggregation:  Particles held together in units of varying size and shape by physical, chemical, and 
biological sub-processes. Aggregates are separated from adjoining aggregates by surfaces of 

weakness. 
Alkalization:  Accumulation of Na ions; formation of a natric horizon.  

Audification : Accumulation of H+  ions. 

Carbonation (calcification):  Accumulation of calcium carbonate; formation of calcic or petroclacic 
horizons. 

Chelation : Forming complexes with metals by organic agents. The metals are trapped in a ring 
structure, which is very stable.  

Compacti on : The physical reduction of the air content resulting in an increased bulk density.  

Cryoturbation:  Mixing of soil by low temperatures, e.g. to disrupt horizons, to incorporate organic 
matter into lower horizons, and to orient stones.  

Dealkalization (sol odization):  Movement of Na ions out of a section of the profile.  
Decarbonation (decalcification):  Movement of calcium carbonate out of a section of the profile.  

Decomposition:  The biochemical breakdown of mineral and organic material. 
Dehydration:  Loss of water reverting the compound to the original state.  

Deposition  is the sedimentation of transported material:  

Accumulation of soil particles / colluvium 
Accumulation of nutrients / increase of CEC 

Relative enrichment of medium-sized particles 
Desalinization :  Movement of soluble salts out of a section of the profile.  

Desilication :  Movement of silica out of a section of the profile.  

Diffusion  (into and out of the soil): Air exchanges between the atmosphere and the soil under the 
effects of partial pressures of mass movement. 

Disaggregation :  Breaking down of aggregates. 
Dispersion :  The process where soil structural elements break down in water and separate into their 

constituents. 

Eluviation :  Movement of material out of a section of t he soil profile (literally washing away of 
material); depletion of the material washed away (e.g. sequioxides, clay minerals, organic material)   

Energy influx / outflux:  Radiation absorption / reflection:  
Soil temperature  

Microbiological activity -> humification ,decomposition, mineralization  
Evaporation 

Soil moisture  

Erosion  is the transport of soil particles (and organic matter) by water or wind.  
Raindrop impact causes breakdown of soil aggregates 

Soil movement / removal of the A horizon  
Smoothing or levelling of the soil surface 

Loss of nutrients / decrease of CEC  
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